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WO 2007/ 025073 PCT/ US2006/ 033130 VALVE, ACTUATOR AND
CONTROL SYSTEM THEREFOR STATEMENT REGARDI NG FEDERALLY
WORONB2RED RESEARCH OR DEVELOPMVENT 5 Not appl iR€AIWS2006/033130
BACKGROUND OF THE I NVENTION This invention relates to
a SsystANVE{ ACTUATGR ANRCONTROIf SYSTRM aAtHRREFOR! Ve
10 between open and cl osed positions and the control
systemused to regul ate the operation of the
act uat STATEMENE RESHARDING FEPERALLYSRONSORED
operation of bRESEAREE ORBEVELORMENT and gas
i ndustry. These ball valves are typically used in gas
pi pelines to control the flow of gas through the
PNBEdpieabidhe actuator of the present invention uses
gas pressure fromthe pipeline to power the actuator.
In the event BACIHGREIIND OF diHE RNVENEIONe i s
unavai l abl e or 15 inaccessible, a pair of nanual hand
punps are incorporated to all ow operation of the

athid ah@éntioa NAING ¥ a st ofG Hpdrdiile Wbiubiof | OF dp@l%tlﬁgsa valve
pressure of the pipeline as a Eovver source ty gl cally

betwegrpopengandoileted resttiong apd sheogenirpbpysidn ¢ped iveregh teaﬁxesnptemﬁon of
the ac%%ﬂo}éf’%hg;%{ ?e%ﬁeise acﬁ%& g{ﬁ{éﬁ%} %rﬁﬁ% g'baLl%a s %Qgilﬁciche oil and

ors hav ven

gas incmsa?swn@efbanmam ase tpicafly ub&l R0z Qildlimeaed bdilgrcﬂitﬁé flow of gas
gas pressure is applied to the other side of the

ﬂlrougb 158 gRpeme o b%ﬁetuﬁ@rl%f the é@%@%wf%% Sef 82 prgssure from the

plpehrf‘ccw owgf gﬁzéué adri Oﬁl}gTL 9&%{1‘% @?ﬁﬁ’sé %sée ﬁ{)ﬁi @%ZJ ?{])1}1%2@ unavailable or

1naccemdﬂe,ragomﬂ:rna1tuai; hataispmﬁpst dre inpogtooaicdvinualtbvb apamatien afitie actuator
d ajhe actuator would fail to operate or be "pressure

and Vaf¥§cked" as comonly referred to in the industry. 25

A%iR Ac@Stdd uﬁﬁzﬁa? Shd) R0 QuMEDE thB3RPLIRIe IR éJf)O\R/E}esource typically

actuator piston To ensure proper ‘operation, the gas
have apioubls acing wsmenWm@nthe (as actaitondriyshibe @ctuior 9ng hendeghe valve

drocar bon i quids .
to be o bt Fine¥ geluops By HB%a RS BreESItg i ons side of the
doublei a08S hikton MR prdshlirs iy Gl the oMTRRIRNATR: Rt Shhid hénting is
hydrocar bon |iqui d condensate condenses and becones a

necessayj tskyensum sth@hwq}labmr?ssu@s it Ut orrting e oy r bethd sides aafefhte piston
SlIIlul'tatng&iSY gﬂlt 'iﬁlaafoﬁ) ¢ ac % ]pﬁ %ﬁﬁf 31& fsthg’ BISEJH \gould balance and

tm)sp ere

the actestot mﬂn’efaﬂaﬂo sEige rdﬂ%ed'%esfsﬁteﬂeslﬁddblﬁ comﬁcbxﬂmre&tned Mo in the
of the ground and groundwater by this oily residue.
industtynot her concern with prior valve, actuator and control

Pk SRASSET g3 e, i Ao gty vy oo
operatiom theegasgiresstiteeis axstalbt mntedam dttmadphere This gas is not a pure gas but in
fact has hydrocarbon liquids entrained in the gas, known as condensate in the industry. When
this venting to atmosphere occurs, the hydrocarbon liquid condensate condenses and becomes
a sticky, unsightly oily residue on the ground adjacent the valve and actuator. In recent years
this venting to the atmosphere of the gas has raised environmental concerns due to possible
contamination of the ground and groundwater by this oily residue.

Another concern with prior valve, actuator and control system assemblies has been

the interface and operation of the manual hand pumps that are required to operate the actuator

- and valve when gas pressure from the pipeline is not ayailable. This may occur during new
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when gas pressure fromthe pipeline is not avail able.
This may occur during new 1 WO 2007/025073

- WPEWIB3WE36/ 033130 i nstall at'i ons when the pi pé’quﬂéSZH%Oi*i"Bﬁ
not been filled with gas yet and opening or closing of

lnstallahens whety thei Epelme desl noibdearfilted veith pdveyet aad B})@ﬁﬂ@ &€ cloSing of the
t uat or,

I %] &re%r{ed obglpt he val ve or ag
valve i pekdp i eé’d“%‘Pte&S%cedF 4566 et Tariod amiberipive or actuator
the pipélR@aHdt BB bleliTThat prebsird 854 bR tp%(%ﬁﬁ&?t Whehl'fﬁls\ﬁ@éﬁ/e% to operate

prior to subsequent pressuri za i‘fon 0 he "pip
the valyeprn to su}oswqueutpmmzatm ofathe gipeliandthacbility 4o operate the valve

=nd afJBRBP bl B MG i s v B A0 ok ssvsmblies bave

had Reislb@s mna;eﬁpaésagn QRd t GyHratidnl ﬂi’é{?dall%%ﬁ' gés%lb?& %eé}{ah»i% 111 which

in which_ pressurization of the pipeline and thus
pressugizgtieit of theqwpelinerand thus the &Ghmébxemlédnre@lﬂienanaMrteJﬁt operatlon of
| ration of the
the aciﬁ?oré)glgl%%ﬂ% BgiESI %}e al t rvas[ %ccgmngo?)rgf B?sgltb?e }JJE]ury to an
operatos Tthe ﬂmfreibm disiiviakl Bavietn {?@1\/@ adtuMd \Wed cafikdladBlenAi@embly that
cont,r ol, stem assenbl y t hat 10 al | ows m ni m zing the

allowsSpiziimiing fi sies o fsractistrt ciperoperasian o thyeorsenitsygipm in a manual
t [ nt
mode Zbéziti %gﬂr)ﬁ Qﬁlcﬁllg?}'g?%ngsn &eglltt%e eﬁz{eﬁo%rn& p Lﬁéﬂn}é#e&\ﬁf SThe valve,

actuatercindapotrolmystenooftthepresars treeniidn difers pudseivel foanesd i o n
of fers such novel features. SUMVARY OF THE | NVENTI ON

15 The present invention relates to a systemof a
hydraul i c actuaggg@ﬁgmﬁogngpg@gvgam$F%@ bet ween open
and cl osed positTons, e valve ITtse nd the contro
system used to regulate the operation of the
The vaI |s i nst al | [ . ga I peline
I Ry i Bie et iuS o e ol g opetiting a valve
betweshipleni @hd tloesd Hddittungtht b@lve itRal inftethe E&ﬁrﬁ%wah%e@ fo #cBBlate the

resent i nventi on uses g?as pressure fromthe
operatipp ot e iRt G vabRes installed pra b7peisovypicall whed o the ofl and

B T A —-

gas preksuré %nnﬂhé@[pehﬁd;o pd%rlthéﬂ:ltuamﬂneal on to mating
A quarter_ turn of the ball noves

i I t
R @CFO e it neteon spheristly Shehed DA centrg fund fow
throug? Qs Y. b MRt o QRIdeARo Blo e Yy Seftlf: LAREEGh to mating

pipeling p@naeoél@ns AAv gharter etunuaf dhe daaﬂmnnsesn meavmwom OoifennNg closed
operable to

positiofi) e o8 4P aF Bt T 6t (ot g Vehvecind Towies B dualcheteen

open andl d1bded pobi€ioh®WREN ﬁb@g and coupled to a stem
connector. A fixed sleeve in disposed within the | ower

Rovgive @Cﬁlﬁ'@r dompirigiigsa @W@rrlsxusmgmomprsp@ednountmg spool that is

operabi 4§ oBolE W B hets R0 aptafie Bere.3URe! Hithth e dpyes housing
and coupiiecﬁtd?@ lsﬂeﬁﬁéozﬁlbétbr Anfized ﬁe@@gﬁmoﬁ’&i R’ltﬁﬂl‘:-‘ﬂlfe'lbﬁér ﬁ&vtﬁfng and’

the second slot. A shaft i's Coupled to the axle

and
includes gdirghal@riisposed Srgrihrauglonesseond slohisgdispdsad in he rotating sleeve,

wherein at least one of the slots is a helical slot. An axle engages both the first slot and the

second slot. A shaft is coupled to the axle and extends through a connector flange that is
coupled to an upper end of the lower housing. A piston is coupled to the shaft and movably
disposed within an upper housing that is coupled to the connector flange. Axial movement of

the piston Withiﬁ‘tﬁe-upper housing will result in rotational movement of the rotating sleeve.
2
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coupled to an upper end of the |ower housing. A piston
is coupled to the shaft and novably disposed within
WEarR0HEI73housi ng that is coupled to the conned(dyUsS2006/033130
fl ange. Axial novenent of the piston within the upper
hdbsihygranlic| contrslgytsten fordha valve alctuatsr6 R Binpaked Hopen and close
...-fotating sleeve. WO 2007/ 025073 PCT/ U82086/ 033130 )
citcuitsyuith sah, Gironi Tagipfipg 7 “GYESIofVen A et paloy epcaied HEleS fad a fluid
supplf: QTR! fo2 Qlip 1} in@RAASN Huid GRer it o il LG BLAGHE Yunction.
i ncluding a control valve, a pair of pi T oper ate
The opHet\post Qf%ﬂleaemndi ndlot operpted valuekinfeach sirpyit j4i cogmeded toohn exhaust

e LS, RO R 514 PRBL PSS AL S o utick on

pipelimp e daecty ahiy ?J_rfés@u@ﬁbﬁhga@itb GH appophaN&et Gheh 3 Bontrol valve is
exhaust 5 orifice valve. The control valve 1 n each

operatgdl.y chifly Preseusizee gapivalsuupedetp opasattrtberpilot oparited valves be control

<RI j dire Y| ressurized gas to the
Ventmgpp g%#ﬁ%e?%glpaéf&a é\%ﬁ%r‘l’& }?‘ﬁéhég S ﬁteF dt %gwgeﬁsyze&p@rlg?‘é@t pressure
lock addaBow equalizatiareof pressuieshetiedh e ekt QRAPAE #hReifimobbd & its fully

opE)ra ed .valves to control venting of pressure from
open of (OSPARRSIAM | e the other is being pressurized to

PA U8 Hnd RIGBRIME i SRS 3 10

pressure ggtﬂj\?veeﬁmﬁlg&?%lﬁgg fgl%ét ﬁlwe e %%%3’3 ITE@ %Vé%e?%e to the
accompanyifgifidayingsGud plescription bbthe prefosed embodidefgl | and

conpl ete understanding of the invention nmay be had by

reference to the acconpanying draw ngs and

descripti ommﬁaﬁbﬁs@mﬁm@og@giﬂm N 155' EF

DESCRI PTI WING her

obj ects and advantages of the present invention are

I and f.urther e clegr. by referenc

c1Heps, 25, B oBtots N AihoiEs A wlcsihimyien goe S Tortn below
and furftex spaetcleseby referenle B thyG&heMdsowheentrol ling fluid

flow through a pipeline including valve, actuator and

P d|coBiPEiseTH BYsRavBY eWeWoydrsysiem 20 c@ittpliieg Fuid flow through a
pipling BRI P RELRRE G K Bk P dplilieg,g = °°

#gwa Rosontjwiseh avpetdpectivel view dFGRA RO bEposite Gitleewith partial sectional
sectional view of the valve actuator in

viows of ﬁ?‘?ﬁeﬁ% ALY DRI thsrmaincpgipPaenis;conpr i ses a
FRAkd 90apMLEW &Eﬁ%ﬂ&?vﬁé@l o\f‘?h@'&ﬂy%é%atglgi{ftﬂg v Xl%g P sobition;

1g_()s,l tion,” Figure conprises a P i Ve Vi ew
tguread coaposesantdcimplieitvan the vdlheadtedtoninsheealee ofdn position;
%here%né) Fi.?eure 6 corg)ri.ses schemati ¢ view of the .
SRS OPOTDETRS A PRGN VICW Ghiliei asiigtos apd agfuaiion pfthe heljx sleeve
therein;di agram of the control system Figure 8 conprises a
sectional view of the fluid supply tanks and manual |y
Bigaret eemprises esshanmatistvéew phtheeontrolfsystem; cont r ol

lsi%ﬁttee’frbomprises a view of the flow diagram of the control system;
Figure 8 comprises a sectional view of the fluid supply tanks and manually operated

valves mounted thereon of the control system:;
Figure 9 is a cross-sectional view of a valve actuator constructed in accordance with

embodiments of the invention;
Figure 10 is a cross-sectional view of the valve actuator of Figure 9, taken

perpendicular to the cross-section of Figure 9;
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30 Figure 9 is a cross-sectional view of a valve
actuator constructed in accordance with enbodi nents
worR0eHes¢vent i on; Figure 10 is a cross-secti oRw&Il/UH2804/033130
of the valve actuator of Figure 9, taken
péilgmrﬂdllcms ar ctogs-seutionalogtews €t AmNppér Eop UsReBblyS c¥fdtructed in
007/ Q25073 PCT/ USé\%Ce)GI 033130 Figure 11'is a
accorfqnge st ]?oélﬁﬁ?n YPeRe sveriHomipper stop assenbly
[ n e [ t .
oSkt M o B SEgoRAn SRyl TN REP SroBphy Sapptructed in

accorda@mm@twﬂvodsamngthemnnmt ed in accordance with
ention Figure 13 is a | ower

f th
?’ ks 8}%{658‘?11%}8{1 ?3?(‘&%%&?&1% Ay g muianenrnd optes helix;
hﬂguxes 14Fanaqrsaa§e %S@E&uséaia«ﬁé%vsfdmﬁéro%%&? gbﬁf&ﬁ'og\ﬁh@% 194 and

the |l ower portion of Figure 13 ure
eXiusel &8 lﬁ/ﬁlewniﬂd@nwawl o anakls b sliding bk aaseebiiplcpnstructed in

n ccardance.w th enbodi ments of the
accordiid é&’ﬁtﬂ%}n%g BRI THE PREFERRED EMBODI NENTS
Wth reference to the drawi ngs, and particularly to
Figure_1 a perspective view of a system 10 for
cont r o A REFVEON QI TEE PREFEBRIBD I A B
val ve 12, actuator 14 and control system 16 assenbl ed
together is shown. Figure 2 is a perspective view from

t Wathlsfepgmo 3o tikee dn‘ad&ngm, thd paticilatly 3¢ Figweal a pmey&n% view of a
14 to show the nain nponent s.

¢ e 12 o2 d a af}
systemyg i cpptpling il oy fiyugly 2 pipsiing y@hedéwaawy Tésaemstar 14 and
contro} sttéih'l6%§erﬁ@l§?'t@é@ﬂ§érr1¥ showh! rFl gseg ﬁ‘)@&%&tﬁ% ﬁ from the

d fl anges 20 Installing va to a pipe
opposifen side shitwpjrtial keaioghl vieive mfvs&illweellanm dctuacant4 ob shdjke the main

-compopglt Sii1g Sanelvatye G4l 0 compepbER i ehibaad puripdusty,

with a $@idedl Hohyq skt end lahb&y & for %&%hng%?al@@ 8 ifth %fﬂ%gélﬁle?(ﬁot shown)

in wel ded body 18 seal against ball 22. Rotat

: througban'hlclzzalde iamilb contzeh thy floaw tofatiband gas| d&dee 12l ineludé a flow

T AL gt e A R ——

‘Seal elsmaﬁy 26 aﬂwemed bo@p S8 cbalhbdindl bhD YR RAGHSALEhall 0P Sl qﬂ@n&&um by

and actuator piston sleeve 34 is positioned wth
actuatop dft closey wlNgelB2  Details of construction of act uator

g Ao A AN 58, BT D i

secti onal Vi ews

is secufedg HedixSleeke QB nedﬁpsded\mﬂﬁﬁ lavedr Qibm%r ihouiRe 2R A8l tab@Btor piston
ed and Figure 4 shows actuator

1 f.valve 1
steeve 34 if Boxtfoncgonttiin helio e - 1Doep ﬁ’é cgpeFctipy Eactuator 14 and
actuat O URURS 188453 NGre2B o0 ASin

her et h rSough Acteuatoor cy in a§ ou3| %gll g% %%%4051613rﬁerslpecuve
view Flgmreé §&ue¢<3 @h@hmgcwatbuelﬁbmrthapdsmm eﬁm]vaam being olwsed and Figure
4 s]:;owé‘j_'1 t%ct:ﬂg%%ﬁ E)4 SI no%ﬁmn oPvalve ff’gtlalgg (S)Sé:nlfr Lgxgerngc%&]astor housing 28 has
bore 36 extending therethrough. Actuator cylinder housing 30 has counter bore 38 extending

therein and is secured to lower actuator-housing 28 by suitable securing means as studs 40

~and nuts 42. Bore 36 and counterbore 38 are axially coincident. Lower actuator housing 28

is sealed against actuator cylinder housing 30 by sealing means in the form of seal ring 44.
Lower actuator plate 46 and guide sleeve 48 are secured to the opposite end of lower
actuator housing 28 by suitable securing means as studs 50 and nuts 52. Lower actuator plate

46 and guide sleeve 48 havebores 54 and 56 therethrough. Helix sleeve 32 is secured within
4 _
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30: and nuts 42. Bore 36 and counterbore 38 are

axially coincident. Lower actuator housing 28 is
weeabrdsergai nst actuator- cylinder housing 30 bypCaazs200eg33i30

means in the formof seal ring 44. Lower actuator

lowerpdchtator4fousing 28 biydewsi fevorifiaerds z&ﬂ%ﬁﬁﬂ)r&:ghhtﬁkﬁ‘ htousmg 30. Seal
sui tab

it d of | ower actuator haqusin
ring SLEAH helinsave AodoNaE asalan dowges 2B avhiiechist and seetdrsecuring
meanPlrAhe forfkd o@aﬁﬁ—x@‘cﬁ'ﬂgﬁ o?ld lgp é%&fﬂ Q[Y@G?Qét@geéﬂff‘lﬁpﬁeg% 33nd lower

t her et hr . Helix s I S secure
actuatpO DFUDRSLY ﬁrePﬁTE/hﬂEﬁ @&@#é) 33 1idfin rdtatenal aoveatalr whbuspse to lower

e tor.. e 46 d actuat or cyli nder
acmatﬁ%ﬁ%%ﬁ@oﬁ%m ét’la or gy 33 Ogsé%ﬂ heI ix sleeve 32 to
| pavek sRebaIag ﬁfcld@l@ﬁ*?édﬁged'z@iaiﬂ@tek' Bofel d45¢n @BUnd %ﬂﬁ@&(} lowier actuator

securing neans in the formof anti-rotation or
plate #§. ns\cﬂ@t@rﬁn@zbﬁﬁtﬁﬁe@m tﬁdindxwdl reewber3Ratagrdentdsviatween bore 68 in

soua BB B Pl BB Ve 38, o avive
shaft $idsbaled 2BbaarsA&id6E sé‘aY ngsiﬁu altPys Irév@;e&@velﬁejsbi‘e 68 is axially

sl eeve 32 includes reduced draneter bBore 64 on th
coinciget avih icongife bortc 880l sipnped ebore. 74y acuaer @Wlm@r housmg 30.

Adjalc%&i%&g:gg’ dia‘fheg%f&é g? 1§C %t?#pe@r%n??elz té:%? ﬁélné tegxﬁne bSBﬁ@B%‘f bores 74

and 7édich beedaallesteaif dctofitohétivesitiiesawehadactAedruatio bsseibyal,
eal ed .in bores 64 and 68 by seal,rings 70

haft 66,
] a“%f?r P}S@p’é%ﬁt‘f?ééw seabpely dispqsed aktbalamulll@ gbTasaiagletor drive
shaft &¥ EﬁH E% or@%‘%eofgﬁzhﬁ‘i dﬂ SylitdeP H&gfuﬁge d75%a1 ?mgg tggra%ﬁr 82 seal

cylind ousi ng acent red
actuat@pisten steeypa4l tdaanteatdﬁdmve ﬂﬂllﬂl 66 sicenmated bordSB 8 pP @ttuator cylinder

.bres 4. and 76 act_to0 a restrain.ac t or .
housing 300 cliipriei sl Ak isuced e TR (AL Psmdinto the
annu1u§ ibStvRn SL@eNe dade bl%afﬁ&@bﬁc[‘ﬂém ﬁéév@%g%d'seaﬁ ke aéﬂ{é\:tl gﬁwe shaft

bet ween actuator drive shaft 66 and counter
66 witlypead gingfibo Rasippedhdiemeten poition 0ot Bombormisigs sEevanﬁ h&9a pair of

ot e SR BT LR s 30 ok PR ot o

90 are hemsechga SuatdCdrival HaftPbes hOkppsba8MR1BHs P[ﬁ&dlé ahﬁ%ll@xg 90 engage
aneter portion 84 that extends into the annul us

Mlallymﬁ ofe B8 éﬁlmurmﬁev to badescribel heroinafier ¥elixedeeyed2 includes a
pair of ggﬁca%@gu > e es?\;vaﬁl r %@é %eﬁtgg&} in I B glfre g: glsesc%%lgtaghlagon means

in the fsim of e pai oﬁ&ﬂlees Phime seéurediw @k lyweticap @ Qﬁu&é@ﬂﬁl&?&r portion 84
rmed t actuati on_neans in the form of

of acmﬂa’f PoiGh ST 89 3t Bt GEls e My Aisrosed s £ eod cugass aeical slots

92 in h8lRaditev8Brat approxi mately its mddle and rollers 90
engage axially disposed slots 88 for purposes to be
destcendo¥dohastedtoradriver shafied6 exteidsehogod® sﬂemﬁﬂdulﬁtﬁ'e 74 and includes
s 92 formed jn its

inicatdfaceny or H21 bF B Fhetecs i kpir bt enfimaositon phghiator drive

shaft 66, @dpﬁoﬁiﬁ:e & R3bAd &fd 100 bBickudt BR e 85 @tchfs b&ford ed bore
en f reduced di anmet eréportl on actuator pis

76 -and gneludas mgaamgrm@w inrige o CéxtnalleISphm 4pPforined fieseBB Valve

25 9 el.i.x sl eeve '
closure B G R le By 107 55 spmral ndrivega el S g gpmomi
the torqut gppeated by @cthdtonnd. Pditd 10%emd 110 in actuator cylinder housing 30 allow

pressurized hydraulic fluid, supplied by conirol system 16 in a manner to be described

hereinafier, to operate actuator 12 in the following manner.
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i ndi cator nmeans or slot 98 fornmed thereon to indicate

the rotational position of actuator drive shaft 66.
wOopaEizse3or second end 100 of actuator drive PCAfES206/033130

extends beyond stepped bore 76 : and includes

engaahted aBEw) Fie 13 shdwal abtakor ™ ¢ SR pesﬁuaapzwﬁxoww 12 closed.

t hereon. Valve 30 closure adapter 104 engages spline
Actuafqypigiam steeymat issatithe bafioppofi s fralee. S¥hemy 19 desined to open valve 12,

press%ﬁ%ﬁglta}ﬁé ﬁ:ﬁlncf %E#ﬁgjtl g{/ﬁtﬁ% Ctr{" ﬁg(? ! v]eﬁfqd %‘htespressurized
hydraplie €aid ictedn Iﬂyedmaid:mdb tﬁﬂ autmhtoﬁpimﬁh Isté)B4 @@hinkiofhe annular piston
e G 0 A S S i
housh?@g / Ogéggﬁatg%lislt@?%@éeoﬁe g &ﬁ%ﬁ-& . V%"@S nli:%v%ua{ﬁally over

shows actuator 14 in t
rollerc$®or dctusior dave thﬁ &4. cﬁmnaltmasljﬂﬁolbrsa}}m drheedbedd diamefer portion

t troke. \Wen Is desire Ive

84 of bl i SO 34 s HeRES HAIoL, OB B0k B orlpevecip. As helix

sleeveV@E is%nﬂ%fate’dlxgzth §es)6€&tt§ SwekMBuRf o??l%ﬂﬁﬂ'l% od b j}}hqé' Q(?‘ bi¢ 62, rollers
act uat o t'on s

luid acts on the underside of eeve
94 an eSﬁPrcﬁééP meqvet dhengahalishlaslotsif2tafrhelix atogwe a%fwh]drjcawessmmaor piston

steeve 2 (e it st s g 8 4B 5tné 381 ol PO BTN sotator
housu@ X8ei¥ @raddmitied W9 ash BEWRdI6H B8 afill 881%r880 IPYRuAYt @dlivd/shaft 66, thus
over rollers 90 on actuator drive shaft 66

rotating; via{Her dorwise adapter I9¢ asd yabig nthrasghsplines b@ﬁeioenomvalm A2 to its
open f6h BV Rl 51 PR At IR R PbI Bk oo
fluid 1samlpp}wcbtoqicedl m whils gapEiy istvented Wefevast Hal difection 6T igatid.
b ins 6 %Z@OIIers Q 94 are forced to npve
56% HepPt ¥ e guger by xespated, by zontpl evstem j§ewhich is
t;
shown% tsbi%n?iﬁc%ﬁﬁ%‘ﬁo%%@ S\éﬁ%#ﬂﬁﬁ% &Qérgnineft offntifl Ir Q%‘??lgure 6 shows

| ower act uat or I ng Fon of
controbgysteat 06 inchules ifingf 288 sewnt canisoli waleed 200 rand §02 axhiadlling operation

sl ot 8 d 9 t d ft 66
of actitePs Fipde fiviinah APyt POk Baeer VeI, Va6, 808 and 210,
Valvest 7001200 $ohirsieRydtafict Suil DRy \f@n’lﬁr&%ﬁd b&lﬁi a%ﬁﬁ:ﬂr fluid supply

position shown in Figure 4. Wien it 1S eS|re

 tanks 2&2 @5¢é 2V4 ke teppen pme]QSﬁ}PQI'@cﬂ 08yeaid dd Diof adtBator ii.d Costrol system 16

ncludef S BIGSelslnd R 2R Wiieh iR ol P B fhepipaipe cro

evers
shown)l{Brcugll vigth @bt 124l schafbd|13tRetrbY gEoMw.0C ot %9&&&616 further
which is shown in schermtlcformln e6gure6an

includes jagigramatly oaeR fewhie mHOW@aated fwo may el %muahm]gamressure
b 51233 Sl 510N Kb R SAe 20,

control

‘First arfd sesbnd hetoaigh ﬂfuau Brlﬂpl;ptdnm 20panat?ed heat WearadQd ﬂu?cﬂ@22 in their

208 and. 210.. 20 Val ves 200 - 210 contr ol hydra
lower PPFtEHDdew‘ g‘v%s F‘F%HEGF%“F%?C? frg sepbistordypteroh4-t Haﬂ@ubg diyid 222 is

pressurfz@dl‘ﬁ? el tiBR Of g&éllﬁ@%%%?es@ﬁ%rﬁcﬁﬁgth%f fe ports 108 and

of actuator i ncl udes a
ﬁ'h@l ﬂdwmheg@m of HgureckslR$6 dmtallss fofitles q:;:msh'mtﬂﬁmﬂ’thc components of

o 0 S WP N BB e 1
dlwdedfiﬁﬁ)t ﬁﬁ’t AR EébohHRbntrdbINGIcUHE 224 ah@ P8 IPirsP 9&.&1’61%{1& 224 acts to

pi | ot erated two way val ve 218 to equalize gas
supply Igydégg@r id 222 to port 108 and operate actuator 14 to close valve 12, while second

comtrol circuit 226 acts in reverse to supply hydraulic fluid 222 to port 110 and operate

* “Tactuator 14 to open valve 12. Additiorially; control system 16 includes manually operated
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25 between tanks 212 and 214 which is bled to

at nosphere through exhaust orifice valve 220. First
wongegeseisd act uator fluid supply tanks 212 and(IIUS2006/033130

have hydraulic fluid 222 in their [|ower portion which

hand ipsinipk €20 raed SAB0i meehted oh dirstuRiAl seeshd Qct@fbt ALII subfily tanks 212 and
drauliic fluid 222 is pressurjzed by the action of

214, Pprshy A% foneumeessda be dexerbrdharpigalen.  The f1ow di agram
Ofpifet I Secbnd B ol%‘i@sl%‘éo giild iivs %H%hg%&é&g‘%tgﬁ g%ggs including

~ conponents of contro stem
inlet hyrtl 232 dudlef poiit @38 |and/ Vteh‘eptn‘béfbﬁlvdﬁ nhe €loséd pbsitys A How between

infet 255§ BRACHBAR A 111 GHKed IO PRHoRR 266 1 SaplsFip to vent port
236. Mﬂfe%hﬁ 6r Bfaéfhﬁing?&?slﬁdﬁ Eﬁfcﬁﬂ&v@ssbéi"ﬂgerpﬁ%t?%ﬁ 2%%5&8 ﬁﬁet port 234

cl OSG val ve 2, | e second cont
whﬂezs@at paot 236 i blec/lmds §1Isbtlsmpghl fputtly gilaiudperatbd uraldres?ZQdi ms 208 and

210 050 M0 PR RR e Bl ol RBBER s, o pox
240 a0@9ilat g@% 242 V@l&ﬁ@ﬁdﬂ&ﬁﬁ@&%ﬂ(ﬁﬁ-{ LY20RELAR3 &%he@%&hmt port 242,

punps and 230 nounted on first and second act tiat o

fluid flpy; betwempinjett park 23 ad owtlet Mﬂ 240 ds (pdartkied.e| B, the apen, i.e., pilot

oprsB PR, b5 S5 LA DAL b B0 e e

port Zﬂalauésmhft(ﬁouditrtg Firstla@8l seevhtl 033@01 Mﬁéseloop@{dt 2023hdamet through
por t I'n the closed position, fluid flow

fouﬂht@rqw@ﬁrat YEHV%‘% 5% 4062398 apdi 240 eremaystad ey magifold block (not
| t
o G550 Bl 801 23, GO IESAE e 1 i

mcludf.:st dndldpiloteprratad sito woyr val?32] Sawith ailol wlesquosstsuppied from first and
[ Ielv.ent. rt éﬁ? is blocked. First through fourth
secong,eqniol ¢ €s 204, 206, 208 and 210 are two

V\Fﬁ‘st RAE @@Joh& aEffuﬁﬁJ? q!luﬂi il%g%)plﬁﬁfsai IQdangai M&Fe Ec{éﬁhyﬂ éﬁ gonstructlon

inlet port 238, outlet 240 an il ot port
Tanks|242tané 241 e sllmxi\tsd twithnhydrawic, fluid 262 ep&stwdky ﬁlﬂlpg ltheethnk Baffles

i ot Bl 2 o 1 0 O SR PRl ven

pressuﬁzé@gas qpphiat gy t@@giptehﬂ@andah &hulm AR R, SNRRLLBH oﬁ&ated hand
ilot port 242 allows fluid Tl ow between inlet “por
Pumpszﬂélé a3 439 and srouptsdiondaks 22 rad 2ahdesnectvely.codtaach pump 228 and

through fourth pil ot
230mé’1§&éé‘%am§19% %Sg%oﬁ%ége 8 and 210 are nounted in a
rﬂetmlsod»ﬁbdmlsm@dflmrmﬂ opelion Jof itdhke 2TBAEr2 lWEbﬁmb@ O9® ahP230 and
se_of ordinary skill in the art controf m%stem 16

Shuﬁledﬂag 455 282 iafr PHRTES TBisBTCeS p Onb thesteseririten oot Ql?amw 228 and
h
shuttle Ahfe"9 42 arg'é?g%n gslr ?agﬁ%%lgsafgwrﬁ dsg%éf 0 |efrﬂsl asftth secolm&p 228 is

second cont

- mountedictoutenibr2 12| by dlosblppllange d3skswizh uadpd Zﬂﬁléx&lnmngdmni k&l 212 and

e T2 AT Sy GHEBL e D o
ordmar?%f{ﬂi BiSthe A5wAR By@aakié HeMELb) lgbl.ﬁ?&tl?ﬁv&]i?o ﬁ% p 254 th@ugh spring

idin maintaini ng separation between the
loaded ﬂwﬂs?éérwlz@uh@}age 20Bps S‘E@keldyamtye&pmpmhk 8 2anBydrpdlia finidc 222 is

sl 2V SRR QSBTL A B LBATEE, 40 s o

ball 26@ andisRiepted 2%t povdl 262 to shuitle vaIve 252. Shuttle valve 252 shuttles between

- a position in which fluid from port 262 flows through shuttle valve 252 to outlet port 264 and

to cither port 108 or 110, depending on which tank is being used, and a second position in

which pressurized hydraulic fluid 222 is received into port 266 and to outlet port 264, * ¥
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230 includes shuttle valve 252 nounted thereon.
Details of construction and operation of tanks 212 and

S WRRAYT/paenss 228 and 230 and  shuttl e val ves 252CAYES2006/033130
shown in Figure 8. Only the description of tank 212,

t
P SO Ll fof ONOAYNEDy B il 268 i

doubl¢diange @540 %ﬁ‘kl‘l@ﬂli%vau&i@ dlvike 222 snerdy %prlwdtth byytyqss ﬂd&&age 268

wen S Sl BARAAS L Sy UEE 1 AR i 20

and 2B6own to those of ordinary skill in the art with
hydraullc fluid 222 being drawn into punp 228 through
spt Bpdeal sernigaes Yeoneraing ﬂh@?ﬂtwéﬁmf@nééswlﬂdbpra@ﬁbﬂiows assuming

valve3R¥ ihRE g@l{lﬁogﬁ&l alg%g Y| 196(“ “élg%é%ﬁvé §2.3 Refgring to the flow

pressuri ze and
d1agrm\rﬁr Higuaen K7, Zﬁlrgt aomiralnaﬁﬂmszz@rmg t]heoacﬂe@b" b@d:dlt 21600perated by

s direct out rt 262 to shuttle valve 252
dePfesaﬂm& JE'I?S& c c@ 0 uthis eecraten,gaNes the gBUpwing-funstions to happen

aspremgdgéﬁgguﬁlﬂﬁm port 262 flows through shuttle valve
252 to outlet port 264 and to either port 108 or 110,
déipendidirgete presfiriziad tgan krassirt ¢ pxjoummatechnmmzaqmnd/alve 218 to

[ tion,in ressur.i,zed. h Lic fluid 2
oquaniP Bleky3h o gt oo bR SRS s 1 ahd a6rgator logg itid supply
tank 22007/ 025073 PCT/ US2006/ 033130 Pressurized hydraulic
fluid 222 is supplied to port 266 through a by pass
pibs agBirews pregsurted (Hae presaing ofras putlph pe PR zefdfirst control circuit

controli%gfv%uidogfé)Sé:ﬂH o%:2 4i %]é p1 09 %rgg gr‘{ai %%AP ggrglve closing first

assage

contro!i Ulmqflht =4 ﬁ)fUpemgd‘lﬁifst p1$dt o@&dteﬁ%mmmﬂ raﬂbw‘}jrés%ﬁhieii é’a@i)ressure
and, 226. 5 A [ﬂépl cal sequence of operation for control

to preggreizg ividsaniisy iy @23 sinv aethaiae chussuftvidgsunply iank 212sand, supply
pressuhgfdefg}?llﬁ-n glfb?igﬁ;%l 'ﬁ’fgﬂ ft?I% V\Plll B?’ gﬁssﬁ%@&#@%ﬁgg@g@eqo%({@ totGutlet port

264 anddhncelto pont ¢03 (cl&%@,ort) oéaqtua‘thelﬁi ol odbsse'vabierl@ubdid | S .

operated b de essin st control _val 200.

o@rfﬁf gw Suedd ga5Pree o@s?m@urlafrmﬂ aifbof frsh agafe?peraégd valve
204 ofPfi26 8ol %ﬁcﬁaéu $o ﬂ&o%drﬁﬂziz 6 1ok S5k ted val 92 210 of valve

pressuri zed gas pre sure to pi ot oper at norma
openingpsegondicontral 1@raug 224 mtalqumtqofwﬂupﬂotbepmd xaid:\tajal@)rand vent

presou el Sl BB 59,80 50Tk 204 Ve st o

valve 2202 £tduge bf BiFt &0 EirdiRl donkdlvilie ﬁ(DG Bla aeiéﬁrﬂlsltﬁhraﬁél bperation
control_ valve 200 to pilot port 242 of first

of secagd cpmirelpitraitwentroiavabie 3 tpanconss ipegitibh results 115ﬂ19cﬁamecﬂperat10ns
descnb%h gﬁbﬂ}ﬁtbg 44,969 Bﬁ{e?(go |"SlyePiol Ot Operated val ve 204

pressurize ressure to pressurize
rlwasmug Inwaﬂo lmgiu:aea ahd 1epzuu alternate lemodinhdhit A skl BBu¥tor system is

tank 212 and su(g) pressuri zed hydraulic fluid 222
shovin.y pAGHGR 5y iER 400 SBEseso6 G drmietln sobted 2BBSn portion 302 and
ambmn@#]?és&he A& plcﬁ'ﬁén ﬁ@?’og%ﬁ ?c\»/lrél&_ll 9@5 oélgﬁséscéﬁﬁlﬁngﬁrﬂ&smg 304,

act uat or to c
piston 306, shaft 308, connector flange 310, cylinder cap 312, stop housing 313, upper stop

assembly 314, lower stop assembly 316. Fluid communication to upper portion 300 is

- provided by upper port 320 and lower port 322. Lower portion 400 comprises outer housing
1402, fixed outer sleeve 404, rotating inner sleeve 406, axle 408, helical slot 410, straight slot

412, lower plate 414, stem connector 416, mounting spool 418, and sliding blocks 420.

T A
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(iii) directs pressurized gas pressure fromoutl et
port 240 of first pilot operated valve 20 204 of
whi2081028¢m3t rol circuit .224 to pilot port 242 ®CTI@R10G6033130
pi |l ot operated val ve 210 of valve opening second
Actuatonystdm Glsocisiiprid@bindizatopeo@ue2 f edting sehll 424, QA8 LR indicator
val ve 210 and vent pressurized gas pressure from
426. act uat or open fluid supply tank 214 through exhaust
or¢ : OS L £ c ity .
cor 3f (s PrkRga o RTHEE Kbl Pl OB 330 Folefid fuid barricr

betwagh cop 802 dnd hnosing 3@4. rRistion 306 stalilglv edgage2OAintifical thoQpi@g 304 via
25 descri bed

seals S48, Lbfchort i apevidss B gkt papeab oop 31aroter feglod aron
betwed@Wab 3181288 P03 @) dPi%tQ)n TG i8 |ﬂ%12§oﬁgﬁm@ Elgg%& QfniBR extends

act uat or _syst emils shown. Act uat system
througlostop ihsusing 3h3:dBeals 82adndy332% firmt e fluidipeierhetweéenrst@ORousing 313

and cgrg%dr&ca | ﬁél_tgg %@gﬁ%ﬁgﬁa@gﬁ Jggq%%té’\?egbj&% LIJS};FOE% 3%%{1‘3)‘91338 fluid
comnffgfation Qﬁougpés‘ﬂﬁﬁﬁ@d} hBhﬁﬁ?%O@ o the/ bdaldCleLEBRWIdL piston 306 and
13, upper s

st gp housi ng op 30 assenbly 314, | ower
stop heugpg dk%enbiy 316. Fluid conmunication to upper

p ' 0Q . FQvi d rt 320. and wer,
DB b8 Wl 3o O bR ol 051 IR bl BRIEAAP R s 20
downwHA, urttil piztbnodoheictisaipperstortitembBt AUl MedsARId fili@ @YSplied to lower
406, axle 408, helical slot 410, straight sl ot 2,
port 3¢2yall 1o ve Risten 306 ane phalfbdfoupwird gl stepuing 324 ensiasts lower stop

Sl . 7 .
s RO S S E O L4 ol 12y AR SPUEOTIN s father desribed
in referendk ¢@Figuresdd a6d12, febmeatively. seal 424, and position
i pdi r . 426. 312.is _connected to cylindrical .
R S0 s g S Por 36T AH0ERnG ol oragle AScspdiet e axial
positiciedt B4 axRNd ﬂﬁ@&'?élﬁﬁreggg)istcﬁi §(§65?n§12a %%gi'zégé g &e%ggl?c?& to either

cylindrical housing Vi a Upper p
end of3zde H0\vid dwlts 1421 dor ot sititabis ettachinent glentbers. 38X1é AOD engages

steagtd o 3 EpeRid T DY e veo P oRB g1 0u4a £ e it ot 410

disposédrO6t@tr e 408U FdNoalFlot 418884 FbSdRpaad a@%%v 84/ 3ngle so as to
fluid barrier between stop housing %13 an

optimize {he g@eiation ohigSriwgios04 and shaft 308, respectively.
t i | i i cation. t hr.ough
SR gRRE siedk 48! Sl ¢ Son M HRSh b BB epted 10 o

correspondingrma@fingfthngd On tHeoplveust @wh).3OubdreRsus 1AL thérdfdde fixed
t g, upper port 320 will nove piston 306 an

.. supplie 2 d
relative g vals: NBRRRIIGALD i prneeigd & Hieadters of fsevaleq egjuator (not
| i ind.. sepp) | r
s fSSRLY 246y LGSt Lo SR Yo comena
to innexisleéve 4060yia lowsg pbé 4 bbnThatford, dnweer skbapdOGiszottibyy Bilted to the

er.stop assenbl 14 and | ower stop assenbly 316 .
valve s‘lgé?rgaqcb;qtﬁ&n %@E%]qn\é)é eevpgvillres ?J@rrgf%lgnlo. the \gq]ﬁzeegexgl Bearings
428 pro¥idt rbéatiohSSR@Gkial Shphort IFdider 3RBvErdERBRivh & G’uthpéﬁ@erve 404,

portion 400 and is coupled to axle 408 such that the
&¥dna connector 416 is rotated by axially translating piston 306, which moves axially
in unison with shaft 308 and axle 408, As axle 408 moves axially, sliding blocks 420 move

through helical slot 410 and cause axle 408 to rotate about its central axis. The rotation of

axle 408 will transfer through straight slot 412 and cause rotation of inner sleeve 406, lower

plate 414, and stem connector 416.
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position of the axle is fixed relative to piston 306.
Sliding blocks 420 are nounted to either end of axle
WOQ80MI2&7Bol t s 421, or other suitabl e attachnmeRCT/US2006/033130
menbers. Axle 408 engages straight slot 412 disposed
i Mndinater rcal 42 & PledSoi skinh Gobhcarltst1426uchn@ads ahs‘éueaq&late and
éf%t 1 20 di sposed |n_ outer sleeve 404. Helical slot
will g ‘i‘?gli'; Sl sprgcsterafndiciorged A2 & disngsed withissa bere through shaft

308 ARt Qéaﬁﬁgljrr%i‘?lgggegﬂ; %f Eelg&{:%f sehl B2 CHINR ;- rog 425‘{ ?(gﬁiﬁ%ds to position

sl eeve 4 nount 1 ng spool
indicatoufl (e dvhioh provddes & yismall displapond rthe |pgsﬂ:1bﬁ ngethevalweevia the direct
not..s Quter sleeve 404 is therefore fixed

|
comle\réﬁ?x\égféxg mdic f‘J"Pfemé'al ve. Stem connector 416 is connected
t Cl‘hb sl 8M@latdh&s 1Al %60 ?scﬁﬁiﬁé@ by (II%EEI‘ &%%Eﬁ%my 334'GHd tower

by a key slot or other fixing
stop agsmﬂ:ér Bde. Z‘hﬁsﬁi stojahssembliemiémitdbe atiol fravedof plseayE0GAAE axle 408,
r sl eeve 406 i.s

thus 11 1?13g g:bei Idié%'o{ X eart‘)e/rf ?s%%n@ygﬁlsamw%@pgﬂtagfmal range of

actuatbh BsseMBBY 3@11 ﬁl%‘x‘r@nt&\/lek!:es§1@§ tbrqué Belhgta@f)h&ﬁtcpfhet Jbﬁla\ﬁﬁj a68embly or
stem _Bearings 428 provide rotational and axi al

the valigpprich T2y pqrveif the aevatongnnds tet trwthe aciwatos or Sleseles past their
demgnt%gzh e P}o‘%ﬁmecfnoégéér? 0&1%} egtggéyﬁf?eglilq&lvs 35316 angd 316 may be

| ng pi ston
adjustabie swﬂlamltefro&haﬁztl e} emdivaror asstbly 260 aafl 8 ARbrIBYEfor a wide
slidi,ng bl ocks 420 nove through helical slot

rangegﬁ@ dmé%@@nﬁ&fi@d@!@f@sto rotate about its central
b fRrrinb Bt Otk : d Cg;%}i,r &5t %s%%lﬂl t3f1§n<§crn§nstep rcﬂ-ﬂr%hnut 340,

_straight slot 4 se rot
rotatingOdg Béyeand phudleingldng 34d. sbrve moh340tiorotidbly ﬂlsmed in stop

. 2 /025073 PCT/ US2 33 I 422 .
housing 13284 1 46 CEv0hiP QGRBL 66! hauiog 04 SoiChetat 661 rexptated by an
operat®)| q{cﬁatu@"ﬁ’ng\@#i ISrané}BrereMaEﬂbdtVViﬁnﬁts[%ﬁ‘ }foﬁglﬂg %tlgr ut 1s ee to rotate.

I ndi cator rod 422 is"disposed wth

Translafings mng 308 thaeatlably engapésuptajingrnmp? ind is| c@anecrtgi B:estbp housing

515 vif Rl L0 bF AR AR R St BuP S oy s canse

rotating Qirigl BAD 19f altd o8, Verw rdta ﬁﬂﬁelﬂgrm rotate§,ONNE4ds! 948 Q\fﬂl cause
the indicator rod. The trave actuator system 30

traﬂslail%g ringBtdép ppva pisiahy slang belts 8401 Refrvinghack iovigures qud 10, as

piocn 3090HNY 4P 4P LOREOPGINGLE Sl T, MGl o i

position of aiansiamig 1ian3d4 of adjostodtthe dewanerd itaddimit ofpistdi0306 is also
he rotational range of actuator assenbly 300

adjustefly event s excessi ve torque being applied to the

%féfﬁﬁ mo®S 3¢ 'F?%&fe ofp, HQwkh ‘§ s\égmb% ffg [ Bﬁ%n?:%sc dfiv nut 360,

t he ac uat or at n’ptétota e ac
rotatingyaing JoBeiand trhesliating dingi 364 s Ih‘ivermltaiiﬁ()ors rdtz!tal@lgrd:lmdsGd in stop

nts a [ 14 .and 316 _nm
nousing 3 (R PeSiogbloec e dh el or BFary A B hedageaptatod by an
operatofSREMThY rid8 362 39 2 K811 HstANbd SHthiPéof hiisiE; 3 f?ﬁ&eis e to rotate.

val ves and operating conditions. Referring now t
Translatipgyting 364 thigedahly stgageasatating 1ing 842 codps pmc@dlmestawhousmg

313 v1a%%ﬂs 370, or other attachment members. As drive nut 360 is rotated, gear 366 causes
rotating ring 362 to also rotate. As rotating ring 362 rotates, threads 368 will cause
translating ting 364 to move axially along bolts 370. Referring back to Figures 9 and 10, as
axle 408 moves upward, stop ring 324 will contact translating ring 364. Therefore, as the

10
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15 rotating ring 342, and translating ring 344. Drive
nut 340 is rotatably disposed in stop housing 313 and
woD0emeewsi bl-e t hrough the wal |l of housi ng 304 psa/us20¢6/033130
it can be rotated by an operator. Rotating ring 342
axialipbsitish A tynglesig Tgwsm V¥ Adjidteds R gv?éiﬂ'tﬁﬁzef’ ﬂnébf&f adl€ 408 is also
. free to rotate. anslatlngrlng 44 thread y
adJUSE"’lﬁigages rotating ring 342 and |s [ connect ed to stop

repB 15 3 e B e bR 560 bEIAOTRE dirad guter steove

502, Rflatingt éhemgesvientD43 4dbuintinglspvl raveahRl sl EHiREIoRSOR] Nlxed outer
threads 348 wll cause translating ring

t at
sleoviy $02 (g oo @xmawg%sm S661 which o straliedrto, thg Bkekapbshown).
Rotat%g?#ﬁ&%le%v@f@ &Qota gﬁ&sgﬁ‘ vﬁ@%ﬂfﬁﬁ? g‘gr@gaang is dou. { pled to stem

contact trans
connegsiraf0s, pmlsii:]nie:mgagés ﬂleanaiifatstdmg (abtnehdddd). | Owaelf WRkbed 502 further

complg et feioas b UF e hercioaye S GOmeries imes fekont elopS12.
agS@eTBh Yy i3 aﬁpSééHthﬁiﬁsmﬁéﬂ %geﬁ%o436§hdmg%§g%és”ﬂé 4Q%¢tached to

362, and translating ring Drive nu

eitherrentl of ai5ley5 Idi andomre dngzagedtwiph hélinab sloty B IBamnsl4. sAs axle 514 moves
hat [ t

veroff 530 85 S BBt e K SPGB e e
504 tudtak |rMatE®Sﬁ)rcﬁitéieﬂ%é%t5an Iﬁvﬂ% HiH DY sﬁﬂe%m%d'lﬁnérfsﬁﬁ 512 be

to rotate. Translating ring 364 threadably engages
helica} glots infepases e 382 csfrreta“u@ncqfnnm depve S04t py Woubave) Goxle 514

There%ll va\él %ﬁ%dotosgcq?%? ed g Figdd a%émn?albs gegmi%?‘rafﬁif distance is

required tgrA342 of waled stent akaben Mvabepbliidesiged. | BcaRd 164t 1R1c8S stroke is
cause translating ring 364 to nove

ds 368 w I |
roquirgg,Jo%ief fomioD A0 LR PoshorSt Ben IoRETRSEHOR g pasberouped
an uppel dott&lor ﬁnﬁﬁoﬁ‘ﬁ{a&: 1s4§i%rﬂgpfﬁ%§ ggﬁéq%gl’rloe S% @g ]5&&%5%4&,? 63% of the

cont act anslating ring
memb@@()ﬂa!comﬁestHEirLﬁh@ﬁﬁf @6éiﬂg'ﬁlﬁ) anamgsﬁlt)point ¢e@RiDembodiment, the

Slewetrans ating rin ii aadll ﬁg}i@areumrdtrave
T Y 219 comhrise £5%CTP dittgfl oyt tg; weldgdr esotherwise fastened, to
the slebddsustrate an alternate Iovver portion 500 conpri sing
fi xed outer sleeve 502, rotating inner sleeve 504,
noentargey gpsstted 0y, tmnaictsatelm wlonh s tused 30 Srotdte xbel valve closure

membe\:cl\%h%sc st!‘:’errgé ?ﬁtﬁgfdt%{ g?lﬁ ou rgaepezb Meeg%ﬁﬁ?dlﬂ&%foﬁc? %gd the slots

in both NAET stgticagme ah@ 4otading0§1adRb! Y SHiHP OBIBElcsVntdY Ba*@é‘tae Substantially
sl eeve 502 and is coupled to stem connector

cylindrygel shenerigahat thenlogks wdl within ‘(hswﬁotshdmw)ertamutmbocmnems,eshdmg
vocks 5 B8 BOAPORTESEULH B Bl bRbR R brok na

slot is distribufsd 4vérsa Wirgep arad Incéiuin einbodimeitse ¢ &1i8 bl&ﬂds@rh e inlaid

a&qgcks 516, are attached to 10 either end of axle 514
with 2 eigtion equicHigy el WhaE Kepdritcaptesrbse a5 1o inpigase the peeful life and

perfomgdﬁlcgopﬂ,lg ggyrﬁs vertically, the engagement of sliding
 ocks 516 and slots 510 and 512 will cause inner

Re&xmg né@4o tlﬁguretlét en¢ elndbdivent of aubgle @H@Mﬁlgﬂ%ck assembly

_ ] !
520 is sﬁ)wn &ngﬁgsmgog)hg r52 stra1g5h Olo%r}ﬁjséﬂngzeélr hgh)? tshgr:: block 526, and helix

slot insert 528. Helix slide block 526 is attached to axle 522 by pins 530, or some other
attachment member. Straight slot insert 524 is a substantially flat piece of material that is
affixed in cavity 532. Insert 524 projects above the surface of axle 522 so that the insert

.-contacts the sides of the slot. Although one end of axle 522 is shown, it is understood that

11



10

15

helical slots increases the rate of rotation of inner
sl eeve 504 per unit travel of axle 514. Therefore, as
- WOAAWARSW3t o actuator 300 of Figures 9 and 10, ACTAES2006/033130
linear stroke distance is 15 required to rotate a
each endl ofehs hgldiacidee Wivo Thdtbie 1528 fand @@vities 53 Beiporea dnesposite sides of
linear stroke is required | ower portion 500 is
theaxb“enerally shorter than | ower portion 400 and can be

C ' f.1S =

¢ Rt Stat Biockl s9BRfly BE AR RN SR a2 538 Yl Ghtached to
cach emdrﬂﬁgiesa)ad: BppineSBeaFkelix @ﬁ?@' hlobkﬂ@()ﬁm aﬁzltdhedh gt im anpde ’i:o the upper

rigidity. In certain embodi nent, the_. sleeves may als
surfacg &%ﬁ%l@;é% oV %nél? of é%ar%wpt bRl G AAT e ?ﬁl%fr‘ng?e of the
helicePEIBERWS §afi@Si-¢ Nethe. t}fbﬁxzsq)ot%?ﬁ%gtﬁ 508 ‘éf‘esdisépm@d Wﬂi‘)ﬁij@avitheg 534 on

generat ed by the actuator, s used to rotate t
either \salevef blockub26. Meohsme,the helicah kit ds cedrednnitwel dirdchipns)dielix siot

. t interface between.the slidin | ocks..and.the sl|ots
inserty SRR oD AL URCHoE A SR 31 S0 AP P aU R Loty fo cpflot ofthe
sides RS KSicAPMohave a substantially cylindrical shape so

that the blocks roll within the slots. In certain '
eboemstnetion off qugsysiem SoonirBingeiuig flewethemzh apipelingrincluding

el ongat ape.so that, the,contact b en the bl _r
vatve, SeBARF i SRS o ol AT PR R0 RERYE g PG Ssoripion
and it GENtE seef ThAOKEBRESproviiedd syten tik alllses MBivirh@irnghaistke of the

with a frjiction reducing or wear resistant material so ‘
actuateisandooperationefcthe wantuelesysicn i & magyal wede SkgHomaticaly prevents

. Ref.er i n i re. - i e
accidefEF ERMaOLS piphe Bty WAt BiBizify O FARERERE nefld 1o the
atmospsienp rdusing gopxdtivonS 2 Furthermorghtwisleothel pentiob2és heehi shown and
.Slide block 526, and he|lix,  slot . inserf 528. Heli )
describad; WithpFespesct 96 cqreim refeied) arppodipents o8 15, ORyiAuS shey equivalent
alterati®hs SBHGnSiREH ond WiACLUTRR to %ﬁiepsegmué; TR bt SiRh MBSEiding and
524 1's a substantially tlat piece of material that iIs
understenflingedf ithe cpedifigatios.2. Thegwetent 2dveption cutladesbell esucheequivalent
surface of. axle 5 o.fhat the.insert . contacts, the
ateratBft o alond Fi0 I Gris NG e AP RoroL 45T EPrgBasy gl
shown, it is understood that 11 WD 2007/025073
PCT/ US2006/ 033130 each end of the axle includes two
inserts 524 and cavities 532 di sposed on opposite
sides of the axle. Helix-slide blocks 526 may be
constructed separate fromaxle 522 and attached to
each end of the axle by pins 530. Helix slide bl ocks
526 are attached at an angle to the upper 5 surface
of axle 522. The angle of attachnent is substantially
equi valent to the angle of the helical slot in the
stationary sleeve. Helix slot inserts 528 are disposed
Wthin cavities 534 on either side of blocks 526.
Because the helical slot is curved in two directions,
helix slot inserts 528 have an outer surface that is
curved so as to substantially foll ow the contour of
the sides of the helical slot.
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10 The construction of our systemfor controlling
fluid flow through a pipeline including valve,
actuator and control systemydll be readily understood
fromthe foregoing description and it wll be seen
Whatli aiki&y jgave provi ded a systemthat allows m nim zing
the size of the actuator and operation of the control
systemin a nanual node that automatically prevents

1. A ivd SQM1BF cORSHHY: BNoldr RIRRY! dafhiris RS SHMBuNEHG $ool that is operable
to colp8td'h ThNE bbBE LORARYSRLSe YRPESH Withih BSid Iewa SR N coupled to
a steMUEdrnBcBP e kddOfleeVeUdit R ARifhin Wl IGwd M usMye Btiir@Midtasisposed in
the filkRENeSSROWRBHH sIBEHEIIsBE th WWelrBiatiRS BREe, Whef &R b8l said first slot and
said SSRhE IR Gre KRG SRR Bn dxle EfgRRYIVAHShStR&hicefirdi ¥18l &Y said second
slot; Rbh&t S MRPtorRl AREIahY @Rehaing tiioubh @Corhedtor MARIRat is coupled to
an uppbt bh@r 4did [MRr Ablisind) HdldRstoR 2BLNEd A 8aid SRS BARA AHIERY disposed
withirCan LpSerSR&idyl Biat is WdupiE 8o MHE E8Hectd? RAGE, Alhdraipl 436k novement of
said Fbton b MH BEUIPBE) Bdllsingdkill P& iR RStafidlfhl FRREMERBST RMrotating sleeve.

and is limted only by the scope of the appended

clainms. 12 13 What is clained is: 1. A valve actuator
2. Thé YBRE IaBiuRer A claarwiEinithg upFEMHdLSINGds AyaauRdalif &olated from said
lower$@08hgt hat is operable to couple to a valve body; a

rotating sleeve disposed within said | ower housing and

coupled to a stemconnector; a fixed sleeve disposed
3. ThdivalVeachateh bOMRm NouRied Gompribing A firgl Phir 8F SIRASEBIoLKs that engage
said firdteidii xed sl eeve; a second sl ot disposed in the

rotating sleeve, wherein both said first slot and

said second slot are helical slots; an axle engaged
4. ThaWibe BotbtoP af daifl 8 furthat @éméﬁ@ra@é's@c&ﬁf?@iﬁof shHiAk bidkks that engage
said sehaid sigoupl ed to said axl e and extending through a

connector flange that is coupled to an upper end of

said | ower housing; and a piston coupled to said shaft

5. Th@ReivERcaRkior 6f SRRSEdvhevdih Mhd pain ofRBAg PRIERS Mokt id @hgdded with the
helicat QUPhEA dulerldiFasMRGdaR tld and@ion¥her ei n axi al

novenent of said piston within the upper housing wll
result in rotational novenent of said rotating sl eeve.

6. The vailB@ciiCoregailal irtidr ohriging: BRRIPBENslofsdBRBIy that limits the
axial MBYSTHBEL biSsdly PistaH tdwdird YaidsiBlvel BBudin®@Marffh JowéO¥Bp assembly that
limits tHeUsddl thov@merht & s6f piGtoReaRTBMm fiid Bwak m)dsirflgﬁ” her

conprising a first pair of sliding blocks that engage

said first slot. 4. The valve actuator of claim3
7. Thd VA QEILERIRE CRIM S Wher8mQRE DFber ﬁé_lp 844N iBIt® 8K movement by
contadtifglsafEi®@R. sai d second slot. 5. The val ve actuator

of claim4 wherein the pair of sliding blocks that is

engaged with the helical slot have outer surfaces

8. Theé VAIVE dciuBtor WP clirh SCh&BR- sdfid 1olRR Y6 Y& AhRY n%ilélﬁl movement by
y

contadindisBldlaxidir t her conprising: an upper stop asse
' that limts the axial novenent of said piston toward

said | ower housing; and a | ower stop assenbly that

9. Thd Vdld Sotddit8r SPdidin RMEBR YaiP it iafd R wdrtoPu@¥n ifdre adjustable.
sai d | ower housi ng.

10. The valve actuator of claim 1 further comprising: a position indicator coupled to an upper
end of said upper housing; and an indicator rod directly connecting the stem connector to the
- position indicator. :



7. The valve actuator of claim®6 wherein said upper
stop assenbly limts axial novenent by contacting
said piston. 8. The valve act#ator of claim®6 wherein
said | ower stop assenbly limts axial novenment by
contacting said axle. 9. The valve actuator of claim®6
wherein said upper and | ower stop assenblies are

11. AdEIESAcALEr corditisingha ratatinvg slasid dibgdseafin &li@idh hbubigtdhercoupled to
© a steRPEFNNesion giat & GRFABIE BNcOUHE GP4 BstaBIeDIaBR $i0@maB PP eleeve coupled
to an&RIApRIr boishifg tHAP RS opftRalsé 1 oMl tad vhIng beay; @in &x®lengaged with a first
slot dlpoeed k¥id FORNRY blebe: aitPa SEESAEIBNEEIRE rPsdifiixed sleeve, wherein at
least 008 iof tHYYirki¥lbiGRiseEondldot id 4t aAargle\t6 vatitala Plston coupled to said axle
via aGPER] Wheredh sdld ptdt isngovdbBediepsicPgigsl ahlupdel BYRIng, wherein axial
moveifsit iof @adNsistee wathidihe uppar fibedhg MNeSLPin FdiddonaP movement of said
stem aR@haktbe drousstiBte besamisiptcatipled eo A V@v&t If9sing amK @dving a first
transiltifg vitenetset QhAtchdjlstatn eadadd Bombassd upgert e absenatile salseto contact
said pietoRicaty Bnit theamvadnienttsidinid pRtorxhe fARfagealddivdctibn;aand a lower stop
asserhblyStouptddtto dhé 1ow&ed heading raridahbvigy S eevendm@nslatiE dishmber that
adjusEbl etleR@ONOA $did IGial Jibx edsahig\se, as\Ret&itactadaid bRlasdnd limit the
move@itht of sdidpisfonlis b seterid Hlialsi@estth. Sl ot is at an angle to

vertical; a piston coupled to said axle via a shaft,

wherein said piston is novably di sposed within an
12. ThPPSIve Bowaionaf cluie] eivRerii Ble lonaVIRIRBING i® hydralibaly BbRited from the
uppemhdBing. t he upper housing will result in rotational

novenment of said stem connector; an upper stop

assenbly coupled to the | ower housing and having a
13. Thé valve dctuans dtdang TefiRRer édmpristd 4 sitsaipalr ofxli@ing Bidcko@upled to

said H@& shdeRRiged Wap tesHrendby so as to contact said piston
and limt the novenent of said piston in a first axia

direction; and a lower stop assenbly coupled to the

14. ThOVEe Bouator®f ain N3 vumigeraowfriong d scvaad dhird shdng elocks coupled

to saill Asle andtingagedhvith tetseaisd §lbbm sai d | ower stop assenbly
so as to contact said axle and limt the novenent of

said piston in a second axial direction. 12. The val ve
15. TRe a1aé actuafor oF alamh 12 witeesiritie phie of Sy Blocksi thgt is engaged with the
helicahy1et adel siadr yrfacsd Alrestl ihmwodirBetionspper housing. 13,

The val ve actuator of claim 11l further conprising a

first pair of sliding blocks coupled to said axle and
16. Tiengagedctubtohof 8inT 11 Rikthet &mprishg: Blpdsiish Walicatdrsaupled @b an upper
end of td Hpks hbusihdelndCaPEicaion o dBERYBNAEdtIhg Afie Stehtitdithector to the
‘positidH paicatoeoupl ed to said axle and engaged with the

second slot. 15. The valve actuator of claim 14

wherein the pair of sliding blocks that is engaged
17. Thd Ydivd B&uatbebi ga&in $1 @heleaViBoth BRI firStli dtaP@SsaflisstRed isibt are helical
slots.two directions. 16. The valve actuator of claim11l

further conprising: a position indicator coupled to an

upper end of the upper housing; and an indicator rod

18. A dalve ekbluptcr @BRMRASIhGIt piBRNThEBaBRIISHsed withintdieupper housing; a shaft
coupldPf $di® PistortaritféREnding into a lower housing; an axle coupled to said shaft and
moveably disposed within the lower housing; a rofating sleeve disposed within the lower
-housing and comprising a first slot that engages said axle; a fixed sleeve disposed within the
lower housing and comprising a second slot that engages said axle, wherein the first and
second slots are arranged so that axial displacement of said axle causes said rotating sleeve
to rotate relative to said fixed sleeve; an adapter bushing coupled to said fixed sleeve and
operable io couple to a valve body; a stem connector coupled to said rotating sleeve and
operable to couple to a valve stem of the valve body; a position indicator coupled to an upper



17. The val ve actuator of claim 11l wherein both said
first slot and said second slot are helical slots.
18. A valve actuator conprisifig: a piston noveably

di sposed within an upper housing; a shaft coupled to

end 6fadld RbSErORbLRMY; axd eindinB@aloRred Airé@NedonRestHgNEsid @Bnnector to said
positio¥ irRlicz@#pl ed to said shaft and noveably disposed

19. THk LBIvE ablagtdr 0PEIEINN PIGhBGN thelPbal hdiBing i8 BYEradicaiy &ofhted from the
loweMAduBing. t he | ower housing and conprising a first slot -
t hat engages said axle; a fixed sleeve disposed within
the | ower housing and conprising a second sl ot that
20. TREgaE Sckdicd oR¥lkRn 18MEtHRK BotnPesihd:rSfirsBptdr ofsHang bisdketisat engage

said fREESIR 4rNg esbona paltaf skoth@bloghsSRAteREBe baiflsesaidisiax| e
causes said rotating sleeve to rotate relative to

said fixed sleeve; an adapter bushing coupled to said

21. Thé ¥8Ne SRRUE oRRRim CDEIHAHEIA the peiP BPLIRIiAObIBckeAthYEiskPdRged with the

helica st BavCANGaRifateSEIHBER tive drabtibneot at 1 ng sl eeve and
operable to couple to a valve stemof the val ve body;

a position indicator coupled to an upper 15 end of
22. TRaiveivel RRREtN @f Siail) 11 8dthéttoniprisingl & upest Slbg 86ddmbly that limits the
axial avemehi BUsSQIphie vetl Aaid Pweaihdusipg@Said anowsdswPtasembly that
limits 1% axldienov@imént aitdaithpiston Gwa§ fdinisaid IoMee heiding.he upper

housing is hydraulically isolated fromthe | ower

housi ng. 20. The val ve actuator of claim 18 further
23. TeeMaNe ab@iaton dfi.€l5im P21 Whérkirs khidi dghdp| K fovich adto nE8EMblies are
‘adjusB@died first slot; and a second pair of sliding blocks

t hat engage said second slot. 21. The val ve actuator

of claim 20 wherein the pair of sliding blocks that is
24. Tiehgagedctubtohot gim T@lvhein BbtAtsalicnret Mottt i §65008 slot are helical
slots.curved in two directions. 22. The val ve actuator of

claim 18 further conprising: an upper stop assenbly

that limts the axial novenment of said piston toward

said | ower housing; and a |ower stop assenbly that

limts the axial novenent of said piston away from

said | ower housing. 23. The val ve actuator of claim22

wherei n said upper and | ower stop assenblies are

adj ustable. 24. The val ve actuator of claim 18 wherein

both said first slot and said second slot are helica

slots.



