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VALVE, ACTUATOR AND CONTROL SYSTEM THEREFOR STATEMENT
REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
wedo7apils cabl e. BACKGROUND OF THE | NVENTI ON TPEBUS2006/033130

invention relates to a systemof a hydraulic actuator

for opghvat AOTEAPORCANDI FORTROES YN E v PARREFOR

positions ‘and the control systemused to regqulate the

operation of the actuator. This systemis particularly

sui t e STATEMENTIREGARDING [FEDILRAE LS SBONSOREDoI |

and gas i ndust RESEAREE OR DEVEDGEMENTt ypi cal |y used

in gas pipelines to control the flow of gas through

the pipeline. The actuator of the present invention

Q§&§1?ﬁ§m ressure fromthe pipeline to power the

actuator hi the event gas pressure fromthe pipeline

IS unavai | ablBPACKGROUMN OFTHE ENYENTION manual hand

punps are incorporated to allow operation of the

actuator and valve. Prior actuators utilizing the gas

PFIfS SiWeRtioh rbffs Pt!o%'s%&@m’i‘éf 3 BRAMRNICSAS EHPhERing a valve

have a doubl e acting piston upon which the gas ‘acts to
betweadrapee anfdelased pasiionsaanl the wortrolhwystenl veedtto rbgnlatpdhedpayation of

cl.o . These. actuato a ented t a re r .
the actip i s VoGl SR CUBRL on PP O L B VB8Rt e ol and
gas indWs@$ SHeBe ball FBRES 8 §pichileuRidNBzas bHRIIAEs foh@nRbBHRMow of gas

This venting is necessarﬁ to ensure that equal

through !rtb% pipeling.s Hest aefuaton Qfd e pershntsingerfiosf ugdiesqdi BreeAyre from the
pipelin% g%lo%vgrnﬁg Lé%{cu\ﬁ%cﬁl i ttlllql &ve %\;\g&l}fp&e%g% ifrgrhccﬁe gﬁ):ehfeﬂgisolﬂlavaﬂable or

srdées o e prston ance an

inacced{tl¢) atpakr ofandrthal Rdnd guBnRRes Ricerpofatdieto dlo@ssieifionadkidictuator
as commonly referred to in the industry. As a result
and valye. t he need to vent each side of the actuator piston

s erat.l { re. i .
S PO LORhe BREER Pl RO B oBRERE W Rt souros typically
have a@asblbuttingpiftan tupbm svhighothe gas dtntol driyeiths agniatpaamiltbnice the valve
t he gas,. kno as condensate in.the industry.. \Wen .
to be qpﬁﬁl%f%ﬂ?%@ﬁg“ﬂzfsgeﬁ%fmﬁwea&e@fiéﬁe E%PW%EQ%BW side of the
doubleldcGhY HiseANI IS Bfe8s1zO RASPEES tAMRE oRRE SRBDf theSPibtekY This venting is

unsightly oily residue on the ground adjacent the .
necessargl (e easute athiatiagquel presswugc entmoy exting t i sbatlensiflesy of othe piston

. t he at nosphere of. the gas has,rai sed Vi ronnent al

simtg e TR B B k8o R ngAS BT s Ot PERESEh Bl pgance and

the act@ftSr GloQMNEiRdoCEpddite oIt 'Yrdsyure A6¢KRUE as ABRINEIly €EBEEd o in the
with prior valve, actuator and control system

industrissenbl i es has been the interface and operation of the

Ny su'i]tagfj IR itoh%nt Habh SR udfr t%g atcala?&eﬁigtroﬁ fh he%sure proper

act ua% or
operation, the gas pressure is usually vented to atmosphere. 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 available. This may occur during new

1



10

15

20

25

30

and val ve when gas pressure fromthe pipeline is not
avai | abl e. This may occur during new nstallations when

wo b@7p2ped i ne has not been filled with gas yetPents2006/033130
opening or closing of the valve is needed. Qther tines

installs¥ien wigrhe Ei}ﬁﬁﬁe has fio® bbén ARed Q’[tﬁ%ds 9& Maeo péAngrlosing of the
act uat or pel i ne nust be bl ed of gas pr essure as

valve i negfled: yOEaeéE@@@ WEn mafenduge isstochedterietmed om;ﬂmmlee vhastuator,

the plﬁéﬁhg ﬁmgf 15é3§1ﬁ& 8f gﬁ%?&&?g{s gpséfe;f‘gfe{:ﬁﬁltobg &Vlgena% I desired to operate

the vah/cetprairao sn’meqaéﬂt )pretsSurl[&tiun roftﬂhe Plptlde, igd ¥sility2fo! diikra2e the valve
and contr syst em assenbl i es have had problens in
and acﬁlf?é?frm%@f&ﬁs %?Halr%]p eFHeT TiVe, Rafbaier pedheentpd sysipeassemblies have
had pﬁﬁ‘?&f’i’sr 1 QSthéip d’@éig‘ﬁhatﬂf ope [1bﬁ fjbto Qll&fve& %ss[?fi)l@e%éeﬂgrl(?sn which
hus the actuator, cou resu
pressunpairoalt ofathe gipeline aad:ithmtthe amhaﬂoﬁ dmaTdJ&huloﬁleIr&ﬂVﬁtbnﬁoperatlon of

t he actuator S occur and possible injury to an
the actygor 3Tpfe mipual CooriPet ke Palator Sgs @creTing ded posgblodnury to an
operat@C {3 Merefid deQRbIth Iﬁﬁ(f@ fa%ms SGIRbY add @Bl L}%ﬁ assembly that
mnimzing the size of the actuator and opera or
allowstrhiminiging tie siaesafghe iactuatorand apemtiate of tiet coatrbb systtem ah laymanual

enL s, .ac I dent a on b elin ressure.
mode REEGRGuRfy FFEERl SRTeRl) eBortiof Benipgind RESpiec s Rpe valve,
actuatdriavie Bbnted] sOétéaros tieelsbsePMObnt A i E5ich BMHE ufds, THE
I NVENTI ON The present invention relates to a system of
a hydraulic actuator for operating a valve between
open and cl ose Lvigrhisel f and the
contr ol systenﬁﬂgg%héggﬁégaﬁfﬁg¥?%§%gg§?ation of the
actuator The valve is installed in a gas pipeline,
ically used in the oil and gas industry, to contro
T?%P%{?dﬁ“t%% clgtesde prywstennind aatt}’fltﬁélﬂlé RCyRtor fr qesdimgta valve
betwee'tnrb\é)@g %?cgg‘ltogerﬁ%_ls_ﬂigﬁ% g‘i%ﬁaﬁff{’ ﬁ%eflirbéﬂlﬁltﬁ ﬁfoﬁ’?*&%h‘? bxéé?istg%\ﬁflate the
operatigphétheagtuators Rapealvb i insthldedcinrt gas |p11fdlltle dypically tdedan gie oil and

. the val ve. e are .wel ded to the outer baody
gas indyplfy, 18 plfirel e e s Pl ifitg B PRAVIPRD LIBR RESERigAYentian uses
gas prefidtRé Fi6i the bibeRhe oAk MRMER. t he val ve from open to
cl osed positions. The val ve actuator is nounted on top
dthet veévey il ¥ dalrvdlvieothatt Bsesteh ephmlcalbb shapeé palipencaatrd] fluid flow

L RN R A —

pipeliné h:@hndacmoﬁp eAabhgtet QuGO Uphl& ball &nM@ésV@le begye fdni WpdhitBIclosed
sl eeve is disposed within the | ower housi ng and

positions,, bhe yalvg agtuatog as EwMAEELBY top offthg alve| aadvietates the ball between
£H 8h Woh r housing and includes a first

opmlaslotgﬁﬁggbsedw?ﬁ£g§¥%g%ﬁgh A second slot is disposed

iAnvelve alctlﬂawrlaoglpﬂbmgvze lowdndroasmgatonipeﬁﬁig D avudting RBool that is
i.s.a he sl ot ages. both the

s il i oD e
and cou)&l fxh SteBNELRXEEAIRA ﬁﬂ{doél%eam Ql%@?éﬂt Witnih! B9 Q&Vémsmg and

i's coupled to an upper end of I ower housin
includep jadfirsinslpisdispnspd Sxpratiyoupls s%h@fc{;mchsﬂdt modigfuisyd in the rotatmg 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 within the upper housing will result in rotational movement of the rotating sleeve.
2
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di sposed within an upper housing that is coupled to

the connector flange. Axial novenent of the piston
wowvaohiozsorhe upper housing will result in rotatPCIEE2006/033130

nmovenent of the rotating sleeve. The hydraulic control

sym Bydrholic thierol hstemarot titwilvd ScteaPPls &RthrRbd %@%Be@aﬂd close

@J:e cjrcuits with each circuit including a control
mroult@ éﬂl ac cganuf inghudiig Heondiobvav e Rait Q%Bllqmpelatefdl vales and a fluid
i MHE' Y id under
SUPP ys Aor é%gr op F%I%ctiébqg@%% g? %ér}%%s%{g{ |l]:())ntﬂe fﬂ%mBﬂf‘ﬁe %ﬁgofti%ncnon‘
The ouﬂet lphtt afeh@petopd Ipddt queestad edvy &l vathi dirc@RGH cEhrebiéttio iaf exhaust
ed to n exhaust orifice valve. The control

orifice 3145 117 COREAL VAT Hh ok BB VESE Qs S TiZRScEag A1 ot on the
p1pellrﬁuéﬂde@1ré%‘9s HAE pRIsRR1ZED a@ﬂijf(}{% m%@%p?‘ Al 'ta%kpx{fﬁ??hsfﬁr 'czo?lﬂol valve is
gas to the appropriat n T he contror val e

operat@beﬂ“htsep:tessﬁhz@i pasessalsol zeed tgaperase ﬂiesmldﬂ&@dratdal wﬁé’sabecontrol
vent i ng

vntin 3 B0 B8 B R IER S SnE0D e DAy S rvent s

lock arflf SRSHEqEEGatidR JIRASIE bRFRSA WhEtal é@w’il reﬁiek\aahb@e/ moved to its fully
g]pal i zation of pressure betvveen e tanks after
open oy

¥l positisved to its fully open or closed posi tion.

ful ete of. the i

5 LR OIS b gl B eoBeinpithey B B h?gsreﬁ.éﬁ%we to the
accomp‘k&@ﬁfgi cﬂhwﬁfgs ahd HERripli&f &Tthe Pre®iRAUMBIASentBRI EF

DESCRI PTI ON OF THE W NGS These and ot her objects

and advant ages of the present invention are set forth

bel ow and piekich RSB EGROPTETRLERRAC the

drawi ngs, Whererm. Frgure t-cot pective
view of a systemfor controlling fluid flow through a
actyator and_control system

pel i ncludln al.ve
gﬂé Sk athe HUEHS %ng eAYRAges of ifppreasss inyoplens prectel Jerth below
and furtHe®Walig @l&ut Wre%%@&%‘ th gqesdrgxgm t\{/‘heﬁ’éﬁt i al sectional
views of the valve and actuatdr to show the main

@@gm@ heamgrisds agpnr@eétlmrpwm esysieradot camtalling finid dlbwt theough a
| osed ition;, Figure 4

t { |
pipeling &%W%ﬁrggg%a 0. gét&‘%ﬁ%f) Cc{?ﬁ@ st ?Fé%ﬁ@é%?@%%t or in
Fieiry al semnpRRes aﬁfé ipbdtRB; vish TS tiR &%mg{té SfRe With g?rtla}1 sectional

per spect ive view of the actuator and actuation
views qf@?ﬁ?@%ﬁ@%tqaff@rt@ﬁhpw tHeguain Cﬁfnpgmqmts,ses a schematic

ur ris >
g%‘P%? ?#Eﬁseg%%gtgé%ag%% hgltl% a?¥ ozrctléag}%rtlg € ?}éeuagseg position;
E(gntper 4 semprssackttivial viewortef valVieadildidrdn ShRIYe 6}%%81’[1011
nual |y operated val ves nounted thereon of

?@err Po@y’é‘%eérﬁpeﬁpﬁﬂr"é voey of te@ewator sad a¢turtian qftbmh@fx sleeve
therein;& val ve actuator constructed in accordance with

‘enbodi ments of the invention;
Figure 6 comprises a schematic view of the control system;

Figure 7 comprises 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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Figure 10 is a cross-sectional view of the valve
actuator of Figure 9, taken perpendicular to the
wee@3mmdexrtion of Figure 9;Figure 1 1 is a PCT/US2006/033130

cross-sectional view of an upper stop assenbly

chigater ¢t Bdai croscasntiti@ Caews b af MG NBEY Sasgmﬂly €constructed in

nventjon; Figure 12 |s a cross-sectional view of an
accor‘i%WeW“ eEgodigiatntfhe Bivertianst ed i n accor dance with

e | FBNi.S, O I: don.-Flgure 13 is a l.ower .

pg%tg fgoggo{‘s %n&g‘lésjtq%gtl%?ﬁ hn\;é\él\?n%f %%Wﬁéré% c?s%aﬁrfbjy constructed in
accordagtd with Einpodiesnfsbfahdinkentihg Ccross- sectional views of

the | ower qortion,of Figure 13; and Figure 16 is an

[

XS GdedS 61 SHPTGroThen ebaneichtatpr deYige ay imles erd aeisehdliy
e T bpUetra ERaE o o IR Ry il 3 and

Wighrer Bf sraaneladedthier of aniaripsandastidinpablotle dsafbyy téhstructed in
dFi%{Jr@fl ﬁ ers*oe%#i ve view of a system 10 for
accorcag Vot %‘queﬂ SR EMioBugh a pi pel i ne i ncl uding

val ve 12, actuator 14 and control system 16 assenbl ed

together is shown. Figure 2 is a perspective view from

t he opBESGRIPTION @t FHE-PREBEERRIUD EMBIO DIVBA TS

val ve 12 and actuator 14 to show the main conponents.

Valve 12 is a ball wvalve of the type comonly used in

tWethQederchoel @@t dradiusds! ¥nd Mirtibula L vi

end flanges, 20 for iﬁggt al I%_ vz;lll}lll/vgd g%qirf?%ypae}%eg@ﬁ \r?gw ofa
systeny Hy forsaepipbling Hhud, dlewikireughveapipelinepingludingcorve d2, adhemtor 14 and

f Qi kgl s a_flow.. .
conol L6kt IG ARl K608 HELLACR ekl pm e
opposifeBsidevivtith partial secBidnilnvews lof GupR. 12588d aefuetde NUSto26hdwh the main

| | ' [ . [ f ball
compodgits”HaFu £ric b il VBY cad civBs cormmenysissd gaibeeiband sas industry,
with a %Idéﬁtbgﬂ%l 14 ahachy ?ﬁﬁ%&!es%@%r ﬁﬁfaﬂﬁ%é”al\%oﬁin@cg a ﬁ?peﬁ_@F (not shown)

whi ch actuator cyli r housi ng I'S secure
througls [vdede valze i1 il posted the tfluivn of eilesndagisiatvaiven d2ishotgded & flow

R U T ETACE G O I I ——

Seal eldfierfdo ackbldbi 86dP18 Hal E%ai%lﬁ gﬁl’@.g’ﬁot%@n SPByM23 B \?uarter turn by

sectional views Figures 4 and perspective View

actuatopil ¢y glosessvalys Bire 3 shows actuator 14 in the position

V(g | gsed .and. Fi.gyre .4 sh actuatar .

AR AR, 00 9RG B A0 Sy bS5 Housing 3

is secured! (bdliarsldeon S AgdidBodeasyifen Bweh aBh@RUbiEng 28 and actuator piston
therethr cyl i nder housing 30 has counter

ough. . Act uat or I .
sleeve B ﬂ%P%%tl@wge‘ﬁﬂhlﬁghqhﬁe‘ﬂ%qVﬁ 32ndDsteils o€ gpesirucdon efeetuator 14 and
tuatiGEbERLL ' WL ARF v ib{ids BEANS, as i
a(.: RSt Uds %Slan Sﬂj’njl]tgr S Z%S%E%;gg&; 6 an %’%gﬂl ﬁt‘lg? gg?@ﬁgngpgrSpeCtlve
view Figuiee. Fygure B sboweadtuatboivein the potiar othailes Mbellg tlsed and Figure
ai nst act uator cy}ri nder housjng 30 by sealin

4 showaggthgtgf i‘g i e ppsHiogrofakye 12 l?@ngdfgpen. Lower actudtor housing928 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 have bores 54 and 56 therethrough. Helix sleeve 32 is secured within
4
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Lower actuator plate 46 and gui de sl eeve 48 are
secured to the opposite end of | ower actuator housing
wWQoow2®as t abl e securing nmeans as studs 50 andP@rUS208&033130
Lower actuator plate 46 and gui de sl eeve 48 have bores
lower iétuaind h5163111ig128 By fovestgbtuatde plate 86 @Y Bctdaot SylERIGHh&Eing 30. Seal

rh&gvver actuat or housing 28 by | ower actuator
ring sé” S&fﬂé X HgVact Gatlwercaythwehoqs@xgsz&@hg@ firdbeand geconyl securing
I I n
e R IS8 S 1 168 SO RIS 05 o v
actuatarﬂnousmgt%t prevnenb ﬂlekﬂzomebvep?om &oﬁl()romnﬂinﬁ&nbmnm Nv1ﬂﬁllelsp%ct to lower
eve wer _act Uﬁlt or housing 28 prevent helix

o)
acmat%rl é‘é‘é‘g% aPE&ﬁtnu?tB"f axlimghoustgetfent with respect to
| guet sl%&te‘@lt ﬁEluﬁ%ﬂﬁ&dzﬁmﬁ&gr b”cﬁ& g@toﬁrthd; %hd %}ﬂ ent I lower actuator

housi ng 30. lix sleeve 32 1nc reduce
plate 4for AcBaton rdrltvh shén d64dsl Jaaxydandnctadmmntm: tthed tewtengb bb@ve@ﬁ bore 68 in

AL 1 R e K b TR0y i
shaft 680s adilled ﬁdﬂé@@%ﬂn@r@t selﬁpﬁﬁgsefb &la e &ésﬁeoﬁv@ %%g gg is axially

. Actuator drive shaft 66 is sealed in bores 6
coinciggpat e cpi,lrﬁgrs bgig &’n@s 12 stappsp dots \7é|1y acBuite @firider housing 30.

Acine Y SOUBEE RGP MR TP R0 8 B R bors 74
and 76raedu>caa;dbll§h r&ﬁfﬁﬁ@ﬁct@&bﬁdlﬁé dheft sbeaRadcRharoe 17 & dsdeliBlel X

eeve 32. Stepped bores 74 and 76 act to axially

%ttl‘zlt8¥ Hlsg’@tsél‘?é’%?’ dy pepiinglyfigpossl inHbe aa@tluﬁab@wem agtgator drive

shaft %Sm&glger B%‘f%] 4R 2 Rl$3:0 11§1h891¥&15fhfg QL kR lséafafld 82 seal

I Sposed I n t annul us b tween ac rl \
actuatcf isto sleewn34to ouzor3@ivaf shaftdsadndr coﬁmier Bd@r 3$hefisdtidgor cylinder

. 3 eal rings 80 a 82 seal actuator piston sleeve
housing 0, Aehiardriaon dFmie dhiaprcdsoa RATEH AP Blontig ats s into the
annulu@%&t%%%ﬁ’ hactedfol BHES sROUS Al Rk HhY E%ﬁ RLa3¢ 87 agtglgt%y ﬂ?ve shaft

34 has a reduced dianeter portion at exte
66 Wlﬂ@ heal zing Bou Radecedediameiet partion %rqutwtw@istc&ﬁslamd: Fehdsxa pair of

o 45 738 e S Sl ey IR b St st o

90 are @b(ﬁirétﬂtosbc@@t@r &vehanfiasdai dp tpﬂfxuﬁé’de@l hy nﬁ’dcﬁ@%ﬁ@ %1?&99@ ongage
8 forned therein. An actuation neans in f orm of

aXIally;slaﬁpPSfeslf slots 8F dprspigposss to Bedescubied kereivaftert éiehetralwe SR alfutludes a

pair of %@h@altl [sﬂ%?fzgfﬁglgg%ﬁi Bﬁ; 8%% ggét%e an d gtlgle gg 8%0%&@ ggtfﬁg%%means

in the foan eﬁfa@ﬁirenf rol}ded 94(a13|sewtéd @2ht Wdﬁ@ﬁ& ofrddatéd @bmeter portion 84
hel i cal Iotg 92 fornmed in jits wall. As best seen in
of actugipypisionssleexe b aiight seglsde poitllndiErasedislaings pest pragee helical slots

92 in hO §leQfc 300l | ers 94 are secured to the | ower end of
reduced di aneter portion 84 of actuator piston sleeve
Firsaend Pghf aGW@bledm‘@ sd)alf’ratﬁd gxtehdseyent stepied Be gddind includes

e GIEHS RS 8o B Bl Sl it S e
shaft 66 @Epobtle BASECHAT EMTIBT) b MMHnEAS QL VERARE 68'exhad b%%nﬁ%fe‘ﬁﬁgd bore

thereon to indicate the rotational position
76 andjpelydesopngagingemetrafin the. foap prﬁsmle sghnsséﬁb rfdrneenij tHef@nof Valve

closureaa‘c‘igﬂtglt P4 Qx{éaggs S%tl}%g t1 O? g.n& )c(gne}l%gtss to Xl%eqz %?Epehne I(H6 to transmit

the torque generated by actuator 14. Ports 108 and 110 in actuator cylinder housing 30 allow
pressurized hydraulic fluid, supplied by control system 16 in a manner to be described

hereinafter, to operate actuator 12 in the following manner.
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76 and includes engaging neans in the formof male

spline 102 forned thereon. Valve closure adapter 104
wergage®7spl i ne 102 and connects to val ve 12 we€TrUS2006/033130

spline 106 to transmt the torque generated by

aak Uptddl abeve, PRuts 3 Ll8wansuahbd 14Ninagk %Eﬁbncsyitlh %Rf% 12 closed.

housi ng 30 a1|om%Fressur|zed hydraulic¢c fluid, supplied

Actualey pistan ?1@¢ve§)ﬂs1§ ehihedottamepTiisrieke.t BVlisa itisslesiretbt 0pen valve 12,
pressui:@écfe hfcﬁ'%sl?c ﬂltuﬁg ng@rh%& ‘teq:ﬁ&l{tj tfgé gvrl%l% % V\ng é@tqg X%rg?& 1)?11 ﬁressunzed

hydraulfmeﬂlndswctsl dmtheivindere e \of aﬂ:ﬂlatbk Piech sléGtelBY QFaift Shedhnular piston
eeve 34 is at the pbottomof its stroke. Wien it is

area d%fésqdr%seﬁ]é 89 5ad 84 arhjis seals 4f9f Wand 10 maintaje praaawr@ irf Jogfieg actuator

rousshEUPEL L8600 R A Baf Ly SRl Iy e

rollerset aradanati éﬁw&nsl&ft&’ﬁv Sinddtangaishg Evcr)]mfire %4 r@ﬁllibdiﬂc-:z@ Idﬁn@eﬂer ortion
rea define seals 80 .and 8 ile seals

B4 of Geflslay H%S'taqnngﬁ <K e nasuBh el ol 2 o et ﬁb@ez@ $oachs helix

sleeve 301iH %ﬁ@froiﬁ’reatv@'ih %s?&y F)el%ﬁfek ActHi@f Hoﬁ’sﬂ’(?ﬁéjlgy pi i 69l a%deé% rollers

nmove axi al over 90 on act uator ve sh
94 are 6’6rce$|t¢n:n0tva ralmgsh@lpalrsidtd; 82 of ddlixosleevedit wilioli canwes exctuator piston

sor BB e A AT TR RGBT s
housing&8l1§ trﬁﬁﬁmltté@ﬂﬁfb@gh éﬁdlél@ld’t@%’ﬁﬁd rdRrd SO acfabd?@hRe shaft 66 thus

ou5|n by pins 60 and 62, rollers 94 are forced t
rOtatmﬁnY@b’e& Pﬁétpteé di04 ghdwelved 2ghraugh isplings dé@6 o mowmraé\re 12 to its

open pHEE R, AP B e Figdn orkTafh Grabiegipriged hvdrauti
fluid id suppliedaitpont 110 WigleSiongl 028s Ivéntéd Nehdrkd @ diEieiHOdY ratish.

s. 88 nd rollers 90 to actuator drive shaft 66,
td\ﬁféati‘%]t at velge Va1 g atupderr 4 dsgegstilated: bv camienlvaysigrl 16 which is

shown il &%tﬁgkfgﬂm%? IF#QI% b QY ﬁox%ﬁdﬁr(éa%zfofrﬁ é% @ %nF Figure 6 shows

posi tion gure 4
controlcdystem Valinckbude? firgrand sewond eadntiml dabiek 200 &hdi QdZ bSntrolhng operation
ort 108 is vented to

il
of actiplffol Btphdh B cetingh 1Bere afigh PRTatedyRIEe | 15> GPon 20 @nd 210.
Valveslﬁ)oanQl@‘ébﬁﬁéloﬁyd%ﬁllicsﬂﬁ@ v liRch Byst %ﬁﬁts'é%ndsélc?ﬁag@ #8id supply

IS shown in schematic formin Figure 6
tanks zrllz@wd dilh e ﬁmnoipem amd elogd }gmsel 08.angi1¢ 0 0é aGuathoik Comtolalystem 16

16 i ncl udes second conty val
inctud g5 I SR bl BBl e PG P 5 S gprine (oot
shown fhi&ight wikiekl hlvE aardnf alatulaw'r mn,@ﬁ@blegbs\mivv ottt s s%&ﬁ 16 further

208 and 210. Valves 200 - 210 control eljgdr aul i c i d
includes | agyprmadinoper doubip pilskensreed sve atayrvaived 1§ t@mphlyzet gaskxyessure

betweefl tan1dMH 2 39 ¥ %h?spﬁf%d%]% %ﬁgrepcﬁlr h 69 e ngice Va?lve 220.
R o ik

act uat or ystem i'nclu
First appt scond ecwmator chid ﬂlﬁ)p\lgh tanlas 2$2 gasd 2p4 &ﬁsel fh@dl&tiﬁ@ fin@d222 in their

from i peline (n shown) .t hrough whj ch_val ve 12
Lower pgiom, gw&pls thareé%l%@?%ﬂu pplighio SHRoT}4 4. sWlydiandiq fluid 222 is

pressurfz‘éﬂbog}%e édﬂfé) ld)@ eﬁn@@is??é&sb{re%gﬁ ﬂl%%he pi | ot operated

two way val ve to edualize gas pressure between
iE:T @wd@moﬁmmﬁl sﬂmwssdetﬂlls d)f tthoe amstmpihmrcff thdrc@upbnents of

conror SRS B4 B 30 S TR 2R, S, Gl 16

divided?id®o Fifst taﬁ@lsécond control circuits 224 and 226. First control circuit 224 acts to
supply hydraulic fluid 222 to port 108 and operate actuator 14 to close valve 12, while second
control circuit 226 acts in reverse to supply hydraulic fluid 222 to port 110 and operate

actuator 14 to open valve 12. Additionally, control system 16 includes manually operated
6
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| ower portion which is the pressurized fluid supplied
to actuator 14. Hydraulic fluid 222 is pressurized by

w0 b@7aziordn of pipeline gas pressure acting thRCBUR2006/033130
The flow di agram of Figure 7 shows details of the

hand p‘tﬁnlsd m:mcbm@induh@dcmnmﬂ@m Secohd GEfaIoR ludy SR Lhiks 212 and
as and hydraulic fluid fl ow t her ebet ween.

214, r?ﬁ?ﬁ?tf"ﬁfy’ g@fé%“él?ﬁs% o ke dpscuibgd dherainadier.i r st and second

t nt.r ol r.cu
SBEh Lo Ay A Bl P SR el e
inlet popie?23 eutiettpoat @34 drﬁi vent oIV ER] the cléked Wakiti®n SBEGAMbw between
circuit 226 acts in reverse to supply

nlet Hﬁ*&‘diéféﬁdcmﬂeh pert 234 i Bloghsd whilgoutia p@ﬁe%%h ie capRastadoo vent port
236. ﬂi“thé Qp \éﬁit yl)gmoﬁ‘dfﬂh Egﬁ‘glbla%veeﬁ ?13[%%1%% ?éél@%ujtgt port 234

i'ncl udes manua oper’at e punps
while Nmmloadz%ns blacked. aﬁdststhmghi fcmrthbmtcm fopédatedoy a$weg [P0y, 206 208 and

ks 212 ti for rposes to
210 afg S v ROy, laied RO Bpgrated shlyes SreshnE Grieh mr 388 araelet port

I rate
40 0508, 4P R OB PGS ARy o 2

fluid fove betversadnlsd porti 248, add uu&btfﬂom/v?‘ﬁbta/\b]enkedﬂl & thpoopen23.2., p110t

T N R E T W D

port 29PeiAbItREY pPASIADI Tst hhdisdohd eMErdISEMRED0D ah@bop ‘aﬁ& fifst 4hrough
and outlet port 234 while vent(gort 236 is bl ocked

fourth mllpg ore¢rpicd L}@hvepomﬁ RO 208t angip2tCh ersdmomuted ¢n gonamﬁcﬂé block (not
t
s g B NS 4PREREL] lBBS{hR Y a

includgs dombleguilot oﬁékﬁted ltwo s valvesxd vﬁﬂﬁpﬂdt@ﬁessﬁre@ supplied from first and
to pilot port 242, fluid flow

Secon‘ﬁ%?’%é (%?qusugs £2%38 and out| et port 240 is bl ocked.
| 1rsk RS0 QREAA a ’fuﬁ Rl @ P%I?Q IS ?g 2@8 Si %'al%nldpxﬁw g{‘nf ?onstructlon

pressur e supp ed to pi OWs
Tanks Bé2 \m@ﬁhﬂ ateesuppbied V\Qtfh&ydmdlho dhuide 22D partiaRy Gillirkg thettard’d Baffles

246 arB GURPTEE 11 e AL GBIl B S50l TR nitss SR IGhaveen the
pressuﬁi&dnga@ dsubﬁ'he'ﬂ W'ﬂief ﬁbghr@ ;ﬁﬁkh}(d?ﬁfhcsﬂﬂﬁ&@n' rl\/[@mf@l?r@erated hand

known to those ordinary skill 1n the
pumpseéﬁtan@ 3@ gud mepaied ané@ks B2 and2l4y m@ﬂpbm\pﬂy, ahd epdr mngo228 and

ilot pressures supplied from
2301n<%.h\,/1\@ Wﬁl éfélggﬁ%%%gﬁt ?é er%?”rcw ts 224 and 226. First

Maﬁs&ﬁ%ﬂst&ﬁitﬂdﬁtaﬁﬂ dpktation S8 pRkY 2120K8 224, gptﬁﬂ[sjs 24 B30 and
dentical in construction. Tanks 212 and 214 are

Shutﬂ%’@b’ﬁﬁ Ped g %h?“ﬁwrlaame& f Palyothe zlzsqmtlpn if|tgnls 212, iphgnp 228 and
shuttlet\}aﬁzetf"j@kacre %% L8k 484 4§ gﬁﬁ‘%r % ! on e 1caf‘ﬂ1ke?§%§1%uaml%>d228 is

to ard nalntalnlng ween
mountqnir tes tk i 24@dbyy dsulsle pidnige @5 bywttlh pupipp248 eeteadidg e adkix2 and

f L ui 22, ly o hand punps 228 and 230
immersgiih hiRis OR Searutb 13 they guckep 53 dyps we kngygto those of
ordinar§a&d) AUEP aR3BitR AYdrdsik ﬂﬁ‘i‘ﬁl 22@90%1@8&5%qn% 352 throu%h spring

mount ed thereon. Details of construction opera [
loaded $pll t28Akehe harsiie 259 4s stmlwpsmzzsfranctaﬂlsalan d—Iydrauhc fluid 222 is
pressurized in pump 228 as handle 258 is stroked toward tank 212 and unseats spring loaded
ball 260 and is directed out port 262 to shuttle valve 2)52. Shuttle valve 252 shuttles between
a position in which fluid from port 262 flows through shuttle valve 252 to outlet port 264 and
to either 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.
7
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shuttl e val ves 252 are shown in Figure 8. Only the
description of tank 212, punp 228 and shuttle val ve
wWQa7ae®73i ven as tank 214 and punp 230 are i deeit/Uszi06/033130
thereto. Punp 228 is nounted to tank 212 by doubl e
rlz2a d?a%ﬁ WPiuid) 2D 8%b '@@6 itH}B i
Press &y c ! 'IP s ]?Bile ;fbgﬂ :TJ;' %%sg }ﬁgﬁge 268 in

imrersed in hydraulic
double flange? 54 oﬂresstugnp@d h@(ﬂrlau]kmﬂmd 328 is nnbfeswphcﬂ th hyapyss passage 268

inthe art, with h ic flu
when Hlk 212 8 595wt B it PG rGuheiebant Sordge ifufiol Brouits 224
and 24,mndl e 258 i s stroked away fromtank 212. Hydraulic
fluid 222 is pressurized in punp 228 as handle 258 is
sfrigrisal seavricd of apkraiiar forrmgniipksystesn é@ miokiyl bmsj&dlomalssmmng

I tt a
valve §9 bs 3 e Srfl SRt 1 £84re 08 sl VK 17 oREIH R RE e ow
diagrabd wif dFigt@ny piedt mzrof |oﬁm§1ttiﬂ’4§) Ugl) sbutdidse" \cdcuf, 29 2pbRted by
outlet port_ 264 and to either port 108 or 110,
depresgingeliat ?fgltr@h valie 20+ i q>r§r4i@mr@uﬁf§ dhe folleaving Sencsinus to happen
h pressurized hydraulic fluid 222 is
as pre&gﬁké tpﬁﬁ%cgrt IO266 and to outlet port
26)1 Pr ématttsr presstribyd pasupressutd o pilo? Z)ﬁenated&tqﬁmd |a11% F)pél@ valve 218 to
ort 266 through a b SS passage 268 i ou
equali T BTGB Py g %ﬁ@g fum % fgnlf £l endaosuatar Jpgeyfluid supply
tank 232¢ppl i ed to by pass passage 268 when tank 212 is
pressurlzed by gas supplied through first and second
cont r ofliresty prgstusiz@P gas presQRé frof oyfétcadrt 884werfirst adntrol circuit

conrof QSRR 58 59514yt St SotSHA RS 5 Pkt

controtl@isduiteTP 40 opéra®eirdaPiloR operateRTERENDDEnd Q11EW %résklﬁ)&ed gas pressure
di agr am of ure 7, first control circuit 4,

to proppigie dpysentioc IHERE2 inshapvaringe il cpppbs g P2 Gind supply

s 0Lt 200 T OBEE S SRSl e o

264 anﬁithemte ntcepctrs 1¢8 @St hozPof gamtidar leiss ¢lose valvpilRodndoper at ed
nor)@ open .val ve 218 to equalize pressure betwee
t6HS

RSE)%Hn?qdugaé psessieyiram QR pera2fd eicknghpidet Qﬂe@é@ valve
204 off fitdl EorttdPRIrYuil 8FK tozﬁ'gopt Oédtrf %4322 o]f%%%tlﬁ rp?{o?%éé{ﬁfeae\gl\%aﬁo ?f valve

pressure fromoutle ntrol circul
openingosecond comraleciROll 226 o loptrafro fdurApilaif ofdratsd \ml\}eOEIO and vent
rated val ve 204 of val ve_cl 03| f| r contr ol
L E T R XL e BT RIS I M —_—
valve 2000 @bdR¥\o LB SdHtoT BECIRSONRHESI @Odtg M&%ﬁ%hlﬁ%n and operation
hydraulic fluid 222 in actuator close fluid supply
of secandrfienirebeieptt coniypl walys ¥storanzagpdn ppeition Ir¢sult$ iruthg s2@@ operations

cescrite] By RIESe BREF OGHAY s ort 108 (ol ose port) of

&Cdfét@hg mowtot gl 9 emy alova1 il?ernété‘ Eémbbéimentbf 86 hétuator system is
ssurized gas pressure fromoutlet port 240 of first
Shownp| fuatop esysiewd 3Y@icomppisss ahyfraubicalboisotased epperupartion 02 and

amb1erg?>r%g+:3telo@3r ﬁorﬁé& 486 f[ﬂ)‘ﬁ%lt BorB'oh %h2 %Bgﬁaﬁgees C}Hﬁldﬁgal%m]o%smg 304,

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
402, 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.
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openi ng second control circuit 226 to operate fourth
pil ot operated valve 210 and vent pressurized gas
w@e@ssegoes f rom act uat or open fluid supply tankPCLgs2006/033130
through exhaust orifice valve 220. Cosure of first
Actuatoerdysten glké cornprigeihdiodton RIAV42272 Wdatif Seat 1408 esh PPSHitidPhdicator
and operation of second control circuit control val ve
426. 202 to an open position results in the same ope{ations
d r ' . t Y 2 .
REFE IS RBKAP A RIERaRIRSEL 'S3pREPD J@'E 0 barrie
betweenbapd3 Itemid lodusing 30dt Padtar 36 sdatingliyenghparylidiiidabh@lsing 304 via

300 ises a.hydraulically isolated upper
seals %ﬁ f‘fﬁ?f B0 320 By QI«IIJq %Ir@gglu%lqndﬁ@rugb 67R P bhinkpthe sealed area

vcnebPEg1 591 FEA0RCaTRO) S ORI s BUSHOEERfih s

throughaypoBi@ysing 3. H¥aaksi 129 RAB32uppern fhiidpareiss bethieyn 8tbg housing 313
I . I 16. Fluid co nication to _upper .

and oy hefity 267 aud i %5 ERSPRAIVBY t LODGr B 1/gwaovides fluid

commgﬁibﬁticﬁlz@lrodgw@[in&%aﬁ h@ﬁbi%gp@ﬂl@fﬂe%ﬁe@ ldfe%rbemééﬁi}g&on 306 and

2, fixed outer sleeve rotating I nner slee
stop hawig 3. e 408, helical slot 410, straight slot 412,

I | ate.414 t t 41 nt.i n ool
UL M S SRSB4 BB 208 v 30
downwegrtipatibgistontdhiaats @ppér%ﬁbp“é%é’errélglggam PeesiRled 404 splled to lower
p

osi.tion indicator 426. I's connected to
port 312%%% drveansteip el Al sudl 308euverrd Botik geprriag BRAicdntacts lower stop

[ ' 304.. RBi.ston.306 .
s B6ET R AR 3£ 00 S 0 PR 3G coscrv
in refe828e tdJpigeres Adrahd 32Gegpeottveds fl ui d conmuni cation 210
ST S3RSHRe o35 oo el S e i
positioé%%t%@’ﬁil@ hs BXEELRMSIvE II{) gié% %@PSIIH%%M&QK?}%O aé??ﬂ&ﬁ]é either

32 forma fluid rrier between stop housing
end ofazrde éBiviabolial2housothg 30tbknattashmbnt B@Mbers. Axle 408 engages

st SRR 6t PG BB 282, BEH 25540 W Soaerhgnhor 41

dispos&E B @flerdd]&Ve UBL WERITCA s8It W1 0308 BN@s5Is0P af (!légﬁe(? %ﬁ%e s0 as to
Pressurized fluid supplied to upper port 320 w | ve

optimigs die ocRtien ahthe sb@ptor.308 downward until piston

op assenhly 314. Pres Lzed fluid
SANLokS GRRL 198 ASFEY g %57 b S et o
correspndinig BOhtingVilihge ti tHel vasiteqot ShdGnP 2dued Bleaed 504 RWRSrefore fixed
. Stop assenhly 316. Upper ,stop assenbly 314 and | ower
relative fooe yabenbiigm semncsios 416 is eriineefed & thsetem af therabemstuator (not
' hyel 08 £ext
o, LS80 I ERERSLLE Yon AP L e
to innet blatvet 406 dx l@berpdae #1onThdrefone imnedr elebwe 406<ie dotarlbat linked to the

[ .306., Slidi bl ock 20 ) ted. t .
v B O A 2D BRI . mein
428 préidld @pdtRnal ARACRIR SippdR I Sir s 481809 86 er sleeve 404.

Stem 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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straight slot 412 disposed in inner sleeve 406.

Sliding blocks 420 engage helical slot 410 disposed in
wooie2®rreve 404. Helical slot 410 may be di spOpE82086/033130

any desired angle so as to optim ze the operation of

t helictdrudtor22 ikiosaple@us efenst@meeof 46, suck ARELY HoRed plate, and
nmount.ing spool 418 which is coupled to a correspondlﬁg

will roral tifhige sleaneramepior. hiadipatoy eod v is slispapsd. withinerbos¢ theoegh shaft
i .S r j : t iy e . val . Ste "
203 o8 EBUUUSTRURES v AS LA NS AP PHYE s GLBIY o posion
indicatort 4248t ovhidin ptovédeswn yisusludibplas ob Yhepbsitios bOth®kalk Red the direct
fi xi r}q memnber . géem connector 416 is also connected to
conneptignot the E)g{t;?élt%é via | ower plate 414. Therefore, inner
S ' t I '
LAY Lt A N B8 BB, o v

rotation of the ner s 1IN ro

stop asfemblye3 i@l Thesststop asSeabliesdimid A& prigiviaie] 6Opiston B8l andnstle 408,
axj.al .su rt .of inner sleeve 6 _relative to outer

thos gpgs, ﬁl%légﬁoéiléﬁ%eo By _%Wﬁ% 3Bt Airaingytha xotafionpl range of

actuatb’ @é@&hﬁl‘y‘ 147) gﬂe%ﬂ%ﬁ‘ R QBsivMr Gkt H&Hg l%}éﬁlﬁéélgiolntés 'eagtula{wrsag&mbly or

with shaft 308 and axle 408" As a
the valygi which masl ¢aghnif the axkesors2@mptste tui the gbtultet brthk valvetpast their

. 410. and cause axJe 408 to rptate about its. central
desigrgd T CRRTRRC T oo b Gao GRRG; 7P Prssniiier SThidt o may be
adjuststilé sd ghat theletatiédad r?%@ dFabietof 8dsBinbBNB 0 canBelusnfSMEror a wide

406, |ower plate 414, and stem connector 416. | ndi cator
range piiplves 2ngl gpergtipg eenditeonst em connect or 416, such as via
d er:.and W rotate. w he stem .
RS pB ROFARE Y, bipdh et Sociblolo 288 bfifisee rigs e 340,
rotating hirg §#2,shaf tra@d@ingndng S44.eabiivghyt engagestabylyl HRpédedln stop
.SEﬁl 454. I ndi_cator rod 422 is coupled to position
housing 343 anfl 43 acesgsiblgthrongthihgvralleaf houging 347 saitlagh igandse rotaéed by an
it . val ia. di- ' f
operal IR AR g AP RS ifhuleh St Sp sARE L) 301 88 rotace
Transliting tiegl 344 thupphblys¢ppgaseeating yring134 2and ismornecséd stop housing

S e T ET—
rotatintg Girgd BAPab £1891G6ta0. A Wby 98 Yor3RO. rbdist 349 will cause

.he rotational range of actuator assenbly 300 prevents
translating 688 i3¢4 te srayeaxisdyatpnghplts 860t Refdrengbackatodtigures 9 and 10, as

. r val ve, i.C . occur ,i,f the actuatar .
pison 3B AR Ry 1l ol B PHimBE Y ab o THESin g fhe axia
positiod @fitgnsidiihg fing 349fis bofusted e dbWn®@rd Bhvel SHAOYE PRAINS306 is also

. Stop assenblies 314 and 316 nmay be adj ustable so that
adjustedne ot at i onal range of actuator assenbly 300 can be
] f.Qrm: i r f rati.n
RBALCAS Ul 05 ROB0SBGHHST A BB R ot 00

rotatingsgndiyy Bl4trasiaping sag 864. v Oriwet n@4860 [0taitbblg disft@ed in stop
d tran Drive nut 340 is

.3 | at i ' 44,
housing 413 e Ao0F SR LEOTHA (GF 511 bervips 385wt ian be rofated by an
operatkC RRSHinglrehgt i%zqg 3%51%19 Sest@inkd WithPSH ROusiE3 BPoItNE ek to rotate,

can be rotate
Translating ring 364 threadably engages rotating ring 362 and is connected to stop housing

313 via bolts 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 ring 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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operator. Rotating ring 342 is axially restrained
Wi thin stop housing 313 but is free to rotate.
wae@nsksars ng ring 344 threadably engages r ot at POIyUR200033130
342 and is connected to stop housing 313 via bolts
axial ﬁ&@uOmbf narfsening trirChoreR adfREAS 1S uphtrd bava 10K o?%Qle' £08 is also
tated, gear 346 causes rot at | ng ring 342 to al so
adJUStF tate. As rotating ring 342 rotates, threads 348 will

Cauped 2R PRl ARSI AU IPLLR acr

502, mvinting 1n|mmm‘!mwel 504, wolrhtirgosgoal 506, rz&ﬂsdt@hld%ﬂnédt&%@“]?lxed outer
g efore, as the axi al position of translating ring
sleeve3 (in

isscoppledsipanounting eahags: dvhiehisepttached o dre mlg@ (ﬂmt shown).
RotaiRgs LRORL Sty SRS MR LO BT S Gy conpie 0 stom

connep‘rot 08 gvhicn gn@@%s thn dvalveasista(iatgshoivmy 36bter Xleste HOR further
posed in top housi ng 313 and is

compiiges gy BiieRl Aot Re R lor o] 04 padiriigs Boer Bicande! 312.
CARIDSIS B @ikFstedYvifilin IRR: A RNe 500! aélid'lgg\_ %g&g %@8 a!r? attached to
st op "housi n ut

axially restrained within
either tepd Dﬁ@&kél‘lmr%ﬁi angaggd mithghdBd4l sldis ézid alnt\5 léngla@eﬂe 514 moves

vric, T a5 SR b HRRRTLR $0 S L3S o

504 totdtatd edlative tb Vuddr @thev880S. BROIEHOHE §ut%10§1%¥ BF@ ahd Efﬂle gl%t 512 be
to also rotate. As rotating ring 362 rotates, rea

helicabglgtsyjinprcaseq ke rate ff gpiatipm of ey sbeye t5@4rmvemaxurfadel pf axle 514.
Thereﬁté) rltg c%ﬁi&%%datg cttﬁ%r\%ﬁd;d dgigF back é ﬁ‘b‘l: égﬂ e\%s 1%63%05%0§%td1stance 18

requlrdsd tmtdta&é iangulve ftgm%ﬂnoﬁﬁl @ﬁlﬁfb@f Sf d@g&eésh eB¥danke RRS ilinbANstroke is
translatlgg ring 364 is adjusted the upward travel

requlrec{ loer Bertign s 4“@)8‘311%311% sherteifeis loseer PPTtpmr 49 and-cps be coupled to
an upﬁet Lté%ﬁét[) Srtich! Iﬁ&lt f<&dh gggleth }ﬁgéeir %8%051%252? ecge ggjgdle ¢ [Mgth of the

fixed er s eeve g I nner
membm Lﬁilsol ng@lp)@otheﬁ%helamd stedngth and migdiof iﬂ&ertEiInXadbomment the
1 rlsl eeve. 502 is %oﬁlﬂ pl ed to nmounting spool
s eeV@?NPﬂaXﬁ‘ TPLOMNISE FBYFTE HHER Qveahs slofhad weldah)or qﬂé@f&tﬁerfgstened to
the slebvRer sl eeve 504 is rotatably di sposed within outer

sl eeve 502 and is coupled to stem connector 508, which

eHpatpegue E@ﬂﬁvféﬁd/ éD}’sth@naqtlﬂﬂﬁQr sﬂuvxh)ls uQut ¢ relatevie Sfl2e closure

membig T DR H RS eRY R he B deen o wite WRPES st sios

in both Sthdl §ﬂﬁﬁ1&£ﬂ/ \alhdl hotatinpNgéevel.e €8 Rdind dblocis! ﬂia@gh@&}eoﬁkﬁlbstantlally
516 are attached to either end of axle 514 and

Cyhnd% S588 s that e blegs wllowihinithe shuds. 5112 cem@na@m@d&mmts sliding

blocks ri‘i?a efoé?a{éﬂ% %%J el My el@?@t@%@ﬁ% ggj gltgt ‘|81f Jcagt ggvgegglfﬁ{l%cjk and its

slot is dleﬂrlzbu‘edroeblai lamr tizao it e¢rth eabedibRats, ﬂﬂa‘dhfnﬁg bRddRs edlyDie inlaid
1 ‘lﬁ 10 and i nner slot 512 be heli cal slots increases
with abgtipn redusing gt JtebRewttantinaiensl sege igoncisase thei wseful life and

peﬁbnﬁﬁﬁggkﬂ@g axhe 514. Therefore, as conpared to actuator
of Figures 9 and 10, less linear stroke distance

d@femng now to Figure 16, one embodiment of an axle and sliding block assembly
520 is shown comprising axle 522, straight slot insert 524, helix slide 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
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required to rotate a valve stema known nunber of
degrees. Because less |inear stroke is required | ower
w@eroiozde7500 i s generally shorter than | ower pRCT/USI006/033130
400 and can be coupled to an upper actuator portion
each eh@BF tHeSax3O Rchiles FRAThsHRPSI4 RRY édvies 332 didpRSEELES bPsbsitBRides of
| ength of the nenbers also increases their inherent
the axlgt rength and rigidity. In certain enbodi ment, the

AR SRR 38 RV TREHE] Sopekar HonD e e bnea o

each ch@bflthe BRI sthe s RYHEIBesIRIeHIGHke 526 W difached d198AnER to the upper
rotate the val ve closure nenber, is transferred

surfac Af pxle|S22¢ Hihsrpsle afeatiapimpitde subpstaniiadn eqwalsnt igi thg angle of the

helicaltglcﬁciﬁ ﬁle%égtioﬁlglsl ﬁée‘?’és I—fgﬁx Qf?)‘i 5]15515?52% at 'd%@gge\é Win cavities 534 on
rotating sliéeeves. Slidng bIfocks may have a

either sidbsdfablbelal 326. CBEdansk tiaheliRbBplot focirhed it heo directkans, helix slot
roll within the slots, In certain enbodi sl i ding

. : mept s,
inserts2§ drexe i guisy wrea el iscaredsa aéﬁfbﬁ@a&aé@a%@i}e JBe eppgpur of the
: 2 bet ween the block and its slot is
md%”%?%?%@%ﬁ%%%’over a larger area. In certain

ehtizoctineEndton dfloer syisteth fug cohwalkiag fimid fiew ithbaglda pigehna including

valve, pifioh 80 PO, SERTH VT TS pRK e BIApEnEEh She {geoine dSseiption
and it SMBRMWee L Wd AGeABdd Bl Guletr i aB6\Rs BARAHYEE e Sfze of the
an axle and sliding block assenbly 520 is shown™
actuataromgdrdpsiatignand] the S@@rol systainginta slavtalimedsr thabautomatitdlly prevents
4 slide b{océ 52qﬂ.and helix,slot.insert .528. gbl%x ted to th
accidelip} GRTBHGL RV 59BCRS RIFTHE SEP JRRRP RS HopyPrgring s aented to the
atmospHere® AMEnHt diRFatdh! aEhirBeimirENhRile el MivediionS hed PeBS&hbwn and
524 is a substantially flat piece of material that is

describgflf withdrespect d49i ¢oytaBr preferecds embodimasis| ib ds sobyiige thah equivalent

. f . ) e .. 0 .
a8 6 5y 80 e 4 A0 N LAEASP WOPLIBES L Seacing e
undersginditg, of thd Spacifitetisti.0oThé padsenc mventdorofindlindesaxll &uch equivalent

includes two. inserts 524 and cavities 532 di spposed .on
altera‘ﬂ@fawﬂd madidicafians ggnd;ip Fmgted enlyyy %sz seqpe@é they @@R%doeézgalway

be constructed separate from axle 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 surface of

axl e 522. The angle of attachnment is substantially

equi valent to the angle of the helical slot in the

stationary sleeve. Helix slot inserts 528 are disposed

within 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 follow the contour of

the sides of the helical slot. The construction of our

system for controlling fluid flow through a pipeline

i ncluding val ve, actuator and control systemw | be

readi |y understood fromthe foregoing description
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and it will be seen that we have provided a system

that allows mnimzing the size of the actuator and
wep@ratioe of the control systemin a manual nmROPUST86/033130

automatically prevents accidental operation by

pi peline pressure while mnimzing the condensate

vented to the atnosphere during operation.

FuWihatas etsimeed ishi | e t he i nvention has been shown and

described wth respect to certain preferred

enbodi nents, it is obvious that equivalent alterations

1. aAdzamcfﬂac@tcbg@ﬁsmgil occur to others skilled in the
art upon the readi ng and under st andi anHof t he

speci f # éawerdipusmgcoppaEisiagta MAVERE PRol ket irdeperahile toseeuple to a
egm,%/%cfgpt alterations and nodifications, and is

I ea“only by the scope of the appended cl ai ns. What

I's cl ai i@dting sledve dispered avithit yaiddoweo hpiisisd agd caupledver a stem
housi ng conprising a nounting spool that is operable

t PIEEEe to a valve body; a rotating sleeve di sposed

Wit hin ' . ' 3 - ,0 a stem

connec‘%l girﬁ%:djlsall3 [ Xéﬁ#&i@@%ﬂ%?ﬁéé@éﬁiﬁgﬁnﬁi n said | ower

housi ngfirsh skt dsposstl i theifxpdsledva;n t he fi xed sl eeve; a

second sl ot .dj sposed .i.n the rotating s] eeve, wherein. .
ot oab pecg Sk BRptrR s routtBe el O Theioib gt AT G said s

| §ofand@hidRbork] Qétiis AReloal Gogngaged wi th both said
first slot and said second slot; a shaft coupled to

sai d asl axlapagsd el iboth saft Bistslobandoaidesscond slotange

and o SPEEHR B RoAN B8 Ehe E8hafbe TR0 G ABRy QR Rae tat s

dicpaiad aubpdrienadf kAP BFwdrBUading dnbat is coupled to
the connector fl| ange, wherein axial novenent of said

pi st on? Wist spupled 1 5pidrsha aad mpvably) disrosed withip an upper housing
r Rl | . . oy
0 Qi PSSR 0 LR O FLREYEn, s witin
htd mppdrihoakihy will oésattedrdtatmab@bderhawer sdid ustatigs sl&veThe

val ve actuator of claim1 fur hher conprisin

first .
2. pHiG Velye SeiUgioR PIklgRk S WiEERIn dRg AGRCISBPUSING thﬁ‘g%w?ﬁﬁa isolated

from said8o¥ &l Nfshet uat or of claim 3 further conprising a
Omsslecgnd paiSfr%l%of sliding blocks that engage said second

3.  sTiot valSe adiuetov aif\odaimct datler cofmpoikiagm Arsipeiredfnslidivgg blocks that
engagé)saaiié ﬁIc_)sft sl%%.i ding bl ocks that is engaged with
4. The valve actuator of claim 3 further comprising a second pair of sliding blocks that
engage said second slot.
5. The valve actuator of claim 4 wherein the pair of sliding blocks that is engaged with
the helical slot have outer surfaces curved in two directions.
6. The valve actuator of claim 1 further comprising:

an upper stop assembly that limits the axial movement of said piston toward said
lower housing; and

a lower stop assembly that limits the axial movement of said piston away from said
lower housing.
7. The valve actuator of claim 6 wherein said upper stop assembly limits axial

movement by contacting said piston.
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the helical slot have outer surfaces curved in two
directions. 6. The val ve actuator of claim1 further
W@ pR®THNg: an upper stop assenbly that |im tBCT/H82006/033130
axi al nmovenent of said piston toward said | ower
8. hawsi vive aRthator! OMRIaiS! BPwASRBITRAM [R@:r stbp dBehD§ limits axial
axi al novenent of said piston away from said | ower
movepgpkhhepntapting Reidggleve act uator of clai m 6 wherein said

o oaREoyadle R ERREBE kg Sbteedl Gl BT AoREr sfom. pegppptics are

adjustablsherein said | ower stop assenbly limts axial
movenent by contacting said axle. 9. The valve
10. a@ﬂlédﬁ]aﬁa@‘?laféraf?}ﬂl@lﬂlvg@ﬂ@ifﬁo@ml@n&pper and | ower stop

a Dl ] . ' ' : ve actuat or
o POEbh BRGNS BADMIIER foper Bnd G said e K 360 o
c an pldéchtdraod diregpesonasdingfthsaend cupetorhe s pigitioanadiddtor.
[ n‘ﬂi ca{ or rod difrec_tl connecti ng ,t\t}e st.em connect or
11. ¢ dhe yalvsrstuatosrot flaing 4t wherein bothriaid\fst, glop and, seidseegnd slot are
helica®k@ism 1 wherein both said first slot and said second
slot are helical slots. 0 12. A val ve actuator
12.  cénplvesiongptoraonpiiaingng sl eeve coupled to a stem

connector, t.hat is ope |e to couple tq a.rotatable

val ve &{@RNg S]fep‘ﬁee&‘?%ﬁik?ea Etﬁﬁ’p?‘@g‘e‘?‘?:r g’ﬁ‘t ésd%T&r@ﬁe to couple to a
busihiapig vhatktens operable to couple to a val ve body; 5

an axl e engaged with a first slot disposed said

rotati ﬁd‘l&@g @gque andpled $eenndagtobusiingpibeets operabdé tb couple to a

fi eeve, wherein at |east one of the first sl ot
ok’élggggéf?’d slot is at an angle to vertical; and a

pi st ona axIplefehok® withi LfiRKs16t Mbpdsed Sdidfdtating@éesvennd @isebond slot
pi.ston i s nmovably disposed wthin an upper housing, )
wiiEPesed i said fixgd viegeh twherein at lgagiione of the first plot presegond slot is at
u Usagh Wyl result in rotational novement of
sg'ipgﬁ%?{ebm co%rlf\éﬂé]tdor. 13. The val ve actuator of claim

12 whea giistors @bdpleditatsaiijaslbedy e s, Setieteih i sakl pitadeisemovably
are di spaged w t hi 21021 lower housing that i

PRI VER g1 MEBTToBEnEy SHeE e oqveRtses pheRid pitorighin the

V @hpeB hathAh Al reliis H Rtdford hoVehlMGE o CAMPEESI BEnktdr T St

pai'r of sliding bl ocks
13.  The valve actuator of claim 12 wherein said rotating sleeve and said fixed sleeve are
disposed within a lower housing that is hydraulically isolated from the upper housing.
14.  The valve actuator of claim 12 further comprising a first pair of sliding blocks
coupled to said axle and engaged with the first slot.
15.  The valve actuator of claim 14 further comprising a second pair of sliding blocks
coupled to said axle and engaged with the second slot.
16.  The valve actuator of claim 15 wherein the pair of sliding blocks that is engaged with
the helical slot have outer surfaces curved in two directions.
17.  The valve actuator of claim 12 further comprising:

an upper stop assembly that limits the axial movement of said piston toward in a first

axial direction; and

a lower stop assembly that limits the axial movement of said piston in a second axial

direction.

14



10

15

20

25

30

coupled to said axle and engaged with the first slot.
5 15. The val ve actuator of claim 14 further

wa@ompie®rhg a second pair of sliding bl ocks cop@l/gs200e033130
said axl e and engaged with the second slot. 16. The

18. V@hef &t Yahbr o 6151% 71 HeRel |hid hﬁﬁer p@{; %]n%lfydhlﬁﬁs axial

bl ocks that I's engaged with the helical
movemamtéxycsmtabtmgsautmstmd in tvvo directions. 17. The valve

actuat or of cl ai r co 0 an

=T abise hpngiof ot Mimhilrs Mg o) et ey fpmits aial
movelﬁéﬁt@,rboh@é@ﬁ@sd@aﬁef| rst axial direction; and a | ower
op-assenbly that limts the axial novenent of said

20. pifbc oalvieractilaes cafnelaiax il 4| Wigtireia cieido P8 . anttHewen sipp assemblies are
. tuator of claim17 wherein said upper stop assenbly
adJuStf?tfchnts axial nmovement by contacting said piston. 19.

21.  TirRe vaky Bctasibtigd Minof2 ﬁlktﬁbﬂﬁolﬂpﬂbﬁ%l’ ein said | ower stop
assenbly limts axial novenent féhcont acting said

a% pesitignindiggtor gaynled Wan Py ensfo %Wﬁelhow aPéd sai d
TREA b U5 OB ATRE TR 452 Rr 201 B E00 Bon Fhiror

22. pTBd: hlea actudiof aff @faiolpivkereinob@h sajdp@rst elotand sdib eecond slot are

pper housing; and an indicator rod directly
hehca]c%?ﬁ%ectl ng the stem connector to the position

23. 'ﬂdda%?eta‘édla%&%omﬁﬂﬁn al ve actuator of claim 12 wherein

h sai irst slot and said second slot are helical
sé piston 1ﬁ6veaNy\£h$pweechwﬂhuatanmppmpm11@1,ng a piston

nmove th|n u ortion;. a shaft

cd ﬁ]%ﬂ%&?%f’%dzg Wdﬁg"‘ Q{é Pﬁ?l aﬁlawemcghgn,l ower

PRI 5118 BourAsd t%xslaﬁi s‘h@ﬂ' Rh@sholyBabiptidpSdea ithad the TOWE I rion;
di sposed within the [ ower portion; a rotating sleeve

da spfetieg! slevehilipesed widhierthe brwer qportiond anch AQRDESiRg aafirst slot that
enca rs ot that engages said axle; a fixed sleeve
gg%is el within the Iower portion and conprising a

SQQ’Q@Q stde0t disPadedeniglsigabe $@ve porlien aid eﬁmpﬁsmgl% deicorsd slot that
and second slots are arranged_ so that

engagefi sl avlenwhereisrthe Ay aad secondplads a@aarangé(f'% 8t thapyasipkdislacement
of saic{)%d%1 9&@%&&@* "I‘ag ?%Iete% Paté ﬁ'e% Eﬁaﬁ c@Begdapt er

I'ng cou 0 sal |xe eve and operable to
can pﬂa;)térobu%hmgl aodpled to said fixed sleeve and operable to couple to a valve

body; and

a stem connector coupled to said rotating sleeve and operable to couple to a valve
stem of the valve body.
24.  The valve actuator of claim 23 wherein the upper housing is hydraulically isolated
from the lower housing.
25.  The valve actuator of claim 23 further comprising:

a first pair of sliding blocks that engage said first slot; and

a second pair of sliding blocks that engage said second slot.
26.  The valve actuator of claim 25 wherein the pair of sliding blocks that is engaged with
the helical slot have outer surfaces curved in two directions.
27.  The valve actuator of claim 23 further comprising:

an upper stop assembly that limits the axial movement of said piston toward said

lower housing; and
15



body; and a stem connector coupled to said rotating
sl eeve and operable to couple to a valve stemof the
wo ad0vm2303ly. 24. The val ve actuator of clai m 2BCTMIS2066/683130
the upper housing is hydraulically isolated fromthe
| QWetveh %ﬁ'a@&m’tﬁ? tha-ﬂh%nfﬁhé’ axiaf %@Elﬁé to{f (ﬂ[))@?o%saway from said
further conprising: a first pair of ? i ng
lowerthegsingngage said first slot; and a second pair of

sl [ a sald econd s 26. The
28. &1l PR haRERr B et BoR AL Saif Fopaaih wes sty Aemplios are
adjusfablecks that is engaged with the helical slot have

outer surfaces curved in two directions. 27. The val ve

29. a@%@éﬂbﬁa@ﬁwﬁrafﬁb282$@ﬂﬂﬁé?mnbﬁﬁngsing an upper stop
gaY) f d t
© BRFoN il dolblch & PEwbeL Bt SRRty B S Gl 3 "

t Iaﬂﬁndld:amnh%dTdhectﬁxd:oﬁhhledfﬁl‘gftﬁ@ﬁémc&)nﬁ@t& O &lﬁﬁ&&,ltﬂﬂﬁﬁdlca‘cor
fr id | ower housin 28. The val ve actuator of

30. Pﬁﬁa aehAie of daimy23) prherein Reth ssik firss slsy and seidbierengl slot are
helica ggmadjustable 29. The val ve actuator of claim 23
urther conprising: a position indicator coupled to an
upper end of said upper housing; and an indicator rod
directly connecting the stem connector to the position
i ndicator. 30. The val ve actuator of claim 23 wherein
both said first slot and said second slot are helica
sl ot s.

16



