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i nvention relates to a disconnected piston for use in valve actuators that —
are’used to operate valves, especially gate valves, that are operated

between a first position in which fluid flows through:the valve bore and a
second position in which the valve bore is closed. Such val ves have a

variety of applications in the oil and gas 5 industry such as controlling

the flow of hydrocarbon fluids through well heBdsket NcoRTDdI3DB48gPET Ui d f1 ow
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At these extreme water depths, the ambient pressure of the sea water

becomes a factor in the design and operation of the aforementioned valve actuators.
At these depths the ambient pressure of the water can interfere with the operation of
_‘ ) the typical subsea valve actuator. These valve and actuator assemblies are typically
20 lowered from the surface with their interior pressure chambers, acting through the
control system, experiencing the full hydrostatic head of the watler, which is
approximately 3,000 psi at a 6,000 foot water depth. These high pressures can cause
the yalve actuator to malfunction or fail when the equipment is lowered to its operating
depth as a result of excessive reverse pressure acting on the piston of the actuator.
25 . : 2. Description of Related Art :
"~ U. S. Patent No. 4,135,547 to N. H. Akkerman et al. shows a gate valve
actuator with a secondary annuiar chamber that acts as an accumulator and a
secondary back-up system for operaﬁng the valve.
A dual stage valve actuator for operating a gate is disclosed in U. S. Patent No.
30 4,934,652 10 T. A. Golden. This apparatus uses a two-part piston to provide a high
~ initial force for overcoming frictional forces.
U. S. Patent No. 6,125,874 to D. G. Holliday shows a gate valve actuator using

valve body pressure with a floating ring to provide additional force for moving the valve




initial force for overcomng frictional forces. U S Patent No.1§/6 5/%65
to D G Holliday shows a gate valve actuator using valve body ‘pressure
with a floating ring to provide additional force for noving the valve r

15/ 09/ 2005 2 Docket No.: OTD-030343-PCT to its fail-safe position. A gate
val ve actuator design using a dual piston design to control the closing
force of the valve actuator is shown on the Internet Web Site

http://ww. rotator. no/prod ucts/actuator.htmi. 5 SUMVARY OF THE | NVENTI ON
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20 position. The pressure responsive actuator piston includes a piston and a spring

KU

retainer nut that are separable after closing of the valve to prevent ambient pressure
acting within the pressure chamber on the pressure responsive actuator piston from
) overloading the valve stem to piston coupling. The packing gland includes a valve
stem bore therethrough and a seal ring disposed around the valve stem bore for
25 sealing the valve stem extending through the packing gland. The actuator is attached
to a gate valve body by a plurality of tie bolts. The gate valve is of a conventional
“construction with a fluid flow bore therethrough and a gate member movable between
first and second positions for opening and closing the fluid flow bore. The valve stem is
coupled to the gate member by suitable means as a T connection or butionhead
30 ‘connection.

A principal object of the present invention is to provide a valve actuator for use
in environments where the ioad generated by the pressure acting in reverse on the
pressure responsive piston of the valve actuator is not transmitted to the valve stem
and thereby ensuring the vaive stem is not overloaded.

35 _ Another object of the present invention is to provide a valve actuator that is
suitable for use with a subsea control system that ensures the hydrostatic pressure
load generated by control system does not overload or damage the valve actuator fo




30 connection. A principal object of the present invention is t "8 :42?06‘5
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pressure acting in reverse on the pressure responsive piston of the valve
actuator is not transmitted to the valve stem and thereby ensuring the
val ve stemis not overloaded. 35 Another object of the.present invention is
to provide a valve actuator that is suitable for use with a subsea control
systemthat ensures the hydrostatic pressure |oad generated by control
system does not overload or damage the valve adlaskétdio.tITLE@AL2005 3
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FIGURE 5 is a sectional view of the valve and actuator assembly with the valve

in the closed position and the piston sections separated.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 With reference to the drawings, and particularly to FIGURE 1, a perspective
view of a typical subsea tree 10 with a pair of gate valves 12 upon each of which a
vaive actuator 14 of the present invention is mounted is shown. Subsea tree 10 is of a
- ) conventional configuration weil known to those of ordinary skill in the art and includes
structural frame 16 with guide posts 18 at each comer. Tree hub 20 is positioned at the
25 center of subsea tree 10 and configured for connection 1o a suitable hydraulic

connector (not shown) for lowering to the sea floor. Such subsea trees are designed to
operate in offshore water depths up to 8,000 feet which produces an ambient
hydrostatic pressure of approximately 4,000 psi., with plans for yet greater water
depths.

30 Valve 12 and valve actuator 14 are shown assembled in FIGURE 2 in a
perspective view with a quarter section removed showing the internal components.
Valve actuator 14 is connected to vaive 12 by suitable coupling means as tie bolts 22.
Although shown with tie boits 22, it will be understood by those of ordinary skiil in the
art that other suitable coupling means as clamp hubs or flanges could be used without

35 departing from the scope of the present invention. Valve actuator 14 includes spring
housing 24 which is connected to valve 12 through bonnet 26.

Valve 12 is a gate valve of a conventional configuration with fluid flow bore 28




25 center of subsea tree 10 and configured for connection to a ' I
hydraul ic connector (not shown) for lowering to the sea roor-ﬁg%%ﬁnggg%%
trees are designed to operate in offshore water depths up to 8,000 feet

whi ¢h produces an anbi ent hydrostatic pressure of approxi mately 4,000
psi., with plans for yet greater water -depths. 30 Valve 12 and val ve
actuator 14 are shown assenbled in FIGURE 2 in a perspective viewwith a
guarter section renmoved showi ng the internal conponents. Valve actuator 14
is connected to valve 12 by suitable coupling BDesmrstNasOTDe0I0043-PCZ2.
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pressure cgn r?b_er g%r thergil%feg%o@]g%se ﬂ%r%’lﬁﬁ%ﬁgggore?&egggrﬁI;:gareﬁ%?‘ger 60 is
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20 piston 62. Pressure responsive actuator piston 62 is of a disconnected or fwo parf -
configuration and includes piston 64 and spring retainer nut 66, seen in cross sectional
_ detail in FIGURES 3 - 5. Seal assembly 68 is disposed on the exterior of piston 64 and
| ) seals within upper pressure chamber 60. Rising indicator stem 70 is integrally formed
on the upper end of piston 64 and is sealed in bore 72 by seal rings 74.
25 Spring retainer nut 66 is threaded internally and receives threaded end 76 of
adapter stem 78 therein. Set screws 80 lock spring retainer nut 66 to threaded end 76.
Adapter stem 78 is threaded on its lower end and receives threaded end 82 of valve
stem 44 therein. Positioned radially outwardly from adapter stem 78 is urging means in
the form of coil spring 84 for moving pressure respohsive actuator piston 62 and gate
30 member 30 from its open to its closed position in a manner to be described hereinafter.
Coil spring 84 is restrained in a centralized position at its upper end by spring retainer
86 which shoulders against spring retainer nut 66. The lower end of coil spring 84 is
similarly restrained in a centralized position at its lower end by raised inner face 88
formed on packing gland 52. Seal ring 90 is positioned in vaive stem bore 92 of
35 packing gland 52 and seals against valve stem 44.
An interior pressure chamber 94 is defined within spring housing 24 by the
annular chamber sealed by seal rings 56, 58 and 90 and seal assembly 68, interior




20 piston 62. Pressure responsive actuator piston 62 is of a di GG 5
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Referring now to FIGURE 5, the separation of piston 64 and spring retainer nut
66 is shown. This occurs in the following situations. As noted previously, valve 12 and
) | vaive actuator 14 are positioned in subsea tree 10 at a great water depth. Depending
k on the configuration of the control system used, ports 96 and 98 of interior pressure
25 chamber 94 may be subjected to ambient water pressure which may be on the order of
4,000 psi at a depth of 8,000 feet. This ambient water pressure would be far greater
than the normal aimospheric pressure of 0 psi for upper pressure chamber 60 during
submersion of the equipment. Testing has shown the load thus generated is excessive
and can cause a failure of the threaded connections between adapter stem 78 and
30 pressure respbnsive actuator piston 62, if pressure responsive actuator piston 62 is of
a typical one piece design. ,

The typical solution to these types of problems in the past has been to simply
make the components larger. The disconnected piston of the present invention
eliminates these problems and aliows the use of smaller, lighter components. As noted

35 -above, when valve 12 is initially closed as in FIGURE 4, piston 84 and spring retainer
nut 66 are in contact. In the case where excessive ambient hydrostatic pressure is
applied through ports 96 and 98, piston 64 and spring retainer nut 66 separate as




15 When it is desired to shut valve 12, the aforenenti oned contr.
is operated to vent the pressurized control fluid from upper 9@@525%5
chanber 60 and allow coil spring 84 to expand and provi de a m)tl ve force
to urge pressure responsive. actuator piston 62 to the position shown in
FIGURE 4. In this manner, gate nenber 30 is noved to the closed
position'shown. In this position, piston 64 and spring retainer 20 nut 66
are still in contact. Referring nowto FIGURE 5, the separation of piston
64 and spring ret ainer nut 66 is shown.6 This Bocket Noi OTDHESOBEE-POW NQ
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pressure i svalggagtuaier ﬂfﬁrvébrghurpmtetfer @& paaigr Qﬂasea:)amdnamoﬁéﬂﬁﬂ gregdiitd Ng ret ai ner

nut 66 sepaaabien 0 sure can
only act across f&eéﬁfﬂ%ﬁ%@&g% %gﬁ‘g seﬁgmg[oadﬁgcf@' B ua@bf‘"ﬁ@‘@4 acts

t hrough spr'Rg- Pt £ Whafledhe inpentiag hpebednsbowmand e celre withrrespgit tadapt er
SLemd8 1o carmimprettreeriodine st is BBAMShatYy ﬁi%u@.ﬁ%hé:%gé nsipgul der 42 and

pr event fur,lhggﬁ: '{J")ﬁfﬁ' nt Eofgtﬁg PE c{fet ai ner nut 66 I'ston 64 continues
to the position 0 @Eﬁ? f Fm%f’lﬂlﬁfee@"ﬁﬁ wrdsrstandimad spring
retai ner nuifths %?Péﬁ?%tloaanmfwmmeantigeneruaéﬁd[ dueiR dqdivament BRdragbnk bags t t ed

to the stermédificasndasPRMRRE: by B rgssdre is reapplied to
upper pressure chanber 60 to op’?anit ﬁga\g})el‘%thea pgndeﬁ%ﬂ" ‘noves toward spring
retainer nut 66 until contact is made and continued novenment opens valve
12 as previously described. 10 The construction of our valve act uat or and

val ve apparatus will be readily

)




understood fromthe foregoing description and it will be seen t
provided a valve actuator and valve suitable for deepwater sub@/%/wgs
applications that prevents anbient pressure from applying excessive

danagi ng | oads to the actuator and valve stem Furthernore, while the
ir-nventi on has been shown and described wth respect to:15 certain preferred
enbodi nents, it is obvious that equivalent alterations and nodifications
will occur to others skilled in the art upon the readi ng and under st andi ng
of the specification. The present inventlion i rM¥cketd . adTD-68@d38qQr val ent
aIterationsA%stra !n]ptﬁllllcatlons and is limted only by the scope of the
appended cl ari of the Disclosure A valve and val ve actuator
utilizing a disconnected piston design that separat es under conditions of
excessi ve act uat RLeve adi ng and danmagi ng

t he threaded onﬁgﬁ:ﬂ%{{%ﬁ{%ﬁ{ \Aée%%§ E’éﬁz\'ﬁ %OPB?ﬁtt%‘ﬁ?ﬁ (i cahodaalviig S UL SRS

di scl osed. ' Roruiitions picexce %*m@mtmamemumuapmem@maidaaﬁg afAd Spring

housi g Indihrﬂﬁblmwtrb@émfcoﬁﬁctm%é}gthfebﬂvé& HhdBHHPGilf 2 val ve. The

spring housP eLh? g% head and a packing g and 393 are
sealingly a Yeirulicaly pofyated yalve aguater meﬁ‘ﬁeérﬁ $Aing hpusingpr essur e

chanber . Th@dpwﬂs}aﬂ bonnepfoessumleg theasping hdlamgao BVEGS The shAgPRJishy e act uat or
pi ston di spRagdkstda deS| ve the actuator

pi ston from a nor %Féﬂhe‘élgtﬁh?%pg%aq ?IB'R(? 056t %P?G'?’S&ac"gﬁéc’ e aRigr e

r es ponsi ve 'é?é'?'ﬂ%lfcbff’"‘bl"‘%t'@ﬁﬂq H@Fﬂd@§h%rﬂlpﬁfs'f®nntarm peesspreichgmbetiaisaer nut t hat

10separ ai]réssuaef rbﬂfon@:lr@éd:tﬁ&oﬂﬁistbh @lsﬁaéeﬁ%ér&n Witk ¥ LB s 'd%&é nddft§SSUr €
aC Ing Wt ﬁ%actl.ri) eSS re. chanmb pressure responsrve act uat or

pi ston fr om over e %”m’o&l'\?ém%l@éwn to ﬁ@" Seprcrasition Jheresswe i s

cl ai med i s:respongivehgaiirater pisten inyiudest aipisied aﬂ@h‘tﬁr@&éﬂéﬁlﬁeﬂﬁm WABR 1 sing: a
spring housk H,;@gﬁé}c&dgg, sai d spring housing to a
val ve; said bonnet inclug %f%g%\%tég % Rbf?r"e r&ﬁ"&%@‘?‘ﬂ&“ﬁﬁ?é‘ﬁgh sai d
bonnet and PESSYES ?’H'éerr?éé'i‘%P@F%@S@QO@ﬁimaMDtﬁwdhmw&e@dutmhe f or

seallbng a wallwstest em extendi ng through said bonnet; said spring housing
i ncl udi ng an upper head and a packi ng gl and, said upper
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head i ncludes a counterbore therein to define a pressure chanber therein,
said wupper head and said packing gland sealingly engagi ng said spring
housing to define an interior pressure chanmber, said interior pressure
chanber having a pressure responsive actu@@gﬁe@béggmsdlsposed therein, an
urgi ng neans di sposed wthin said spring housing, said urging nmeans urging
sai d pressure responsive actuator piston between first and second
positions; said pressure responsive actuator piston coupled to said valve
stem by an adapter stem said pressure responsive actuator piston
including a piston and a spring retainer nut, said piston and said spring
retainer nut separable to prevent anmbient pressure acting within said

pr essunihat Batdyesd ion sai d pressure responsive actuator piston from |l oading
said valve stem and, said packing gland includes a raised inner face and
pr essurleAdpfspiliedly pguaied wivagsiveton kemersp@essur e chamber urges said piston
into contact, with said s r|n retai ner nut ressure responsive

id
act uat &SPB”%QOHW“%WE{UW% ongef H%Hﬁ'ﬂ? &gid S%T%H‘?"ISH‘PE ?:6% fact wWith said raised
i nner fag pRans to its first
posi t| gga]m %%%ggﬁéwe gﬁnglgogg Z}_\Zrb hﬁﬁ%ﬁ&%ﬁgﬁe,ﬁzcor d: nz tlo il aim1,

wher e xmﬁ Jghﬂ &n Irnclu |ng ava stem bore therethrough and a
seal |ng neans di sposed around sai d val ve stem bore for sealing said val ve
stem exiti eprihigmgudiry icaitgiihgaiugdperdesd M@ apaakicy @ard, &ad gbpponnet . 3. A

hy dr aulheadih¢iydea atcoattertory tewetn matfiretagresagrechatnivey theceirckaid m 2, wherein: sai d
pi st on upfer seadiandseid packingraienp eealingle eratingsaid spring hausinghe | udes seal i ng neans
posi t i ¢Ane anlinseroppressed chagbon sl integerintrsewa AAMbepEYIH sai d upper head and
sai d ﬁf%?lﬁﬁrqsgo”ls%?‘ﬁ%%’dﬁt‘e‘ qispeses) therpiny response to pressure applied in
said sprin g ou5|n res 2 er or sald upper head pressure
chanboruAoR FUEH et ol St R Tl B B 0l s
wher ei fi: el udes em BacksBat ou der said val ve stem
'”C|Ud%&d%mﬁ&ﬁé@é&ﬁ@ﬂéQ&mﬂ%%%&ﬁ%%u&&ﬂHEQ&%aN@&Qnmiéhd val ve stem backseat
shoul dggagiRieatt s sai d bonnet backseat shoul der en 7 16 Septenber 2005
sai d urging neans urges said pressure responsive actuator piston to said
second saip peksurorsgamdivé hauadr\pistdnrindusinga\pésterend afspgr@iretampr | Nng ret ai ner nut  of

sai d pnetssait @stor @gipaitspirg ratineaiu segarabtedn prevent ambient
pressure acting within said pressure chamber on said pressure responsive
actuator piston from loading said valve stem; and,

~ said packing gland includes a raised inner face and pressure applied to said
upper head pressure chamber urges said piston into contact with said spring
retainer nut of said pressure responsive actuator piston and urges said adapter
stem into contact with said raised inner face of said packing gland and said
urging means to its first position.
2. A hydraulically actuated valve actuator according to claim 1, wherein:
said packing gland including a valve stem bore therethrough and a sealing
means disposed around said valve stem bore for sealing said valve stem
extending through said packing gland and said bonnet.
3. A hydraulically actuated valve actuator according to claim 2, wherein:
said piston of said pressure responsive actuator piston includes sealing means
positioned thereon sealing within said counter bore of said upper head and said
piston is reciprocable therein in response fo pressure applied in said spring
housing interior pressure chamber or said upper head pressure chamber.
4. A hydraulically actuated valve actuator according to claim 3, wherein:
said bonnet includes a stem backseat shoulder;
said valve stem includes a corresponding backseat shoulder; and,

said valve stem backseat shoulder contacts said bonnet backseat shoulder when




5. A hydraulically actuated val ve actuator according to claim3, wherein:
said urging neans is a spring. 6. A hydraulically actuated val ve actuator
according to claimb5, wherein: said spring is a coil spring. 7. A
hydraulically actuated val ve actuator accqg gle;ﬂ&nﬂé? o§di M 6, wherein: said
upper head includes a fluid port for supplying pressurlzed fluid to said
upper head pressure chanber; and, said spring housing includes a fluid
port for supplying pressurized fluid to said interior pressure chanber. 8.
A hydraulically actuated val ve actuator and val ve assenbly, conprising: a
val ve having a fluid flow bore therethrough, said valve having a gate
menber novabl e between first and second positions for opening and cl osing
sai d f lssitl drgingInand@6s said pradsuiR rédpomsiveidbEbitton Balaid sgedne menber; a spring
housi ngositivalatid thagba libiemelerkotrof eadigring Gptarar dutopsdihpressoresi ng to said val ve;
sai d bosspetsiveactuatdi pigjora val ve st em bore extendi ng through said bonnet and a
seal i ng means di sposed around said val ve stem bore for sealing said valve
stem &xh bysimulieplly peteatehvadigiagiupleaseerding i Qdping §r W€ ousi ng i ncl udi ng an upper
head and  a Packln | and, said upper head includes a counterbore therein
to def SHEUSNGMESETSE SPihber therein, said upper head and said packing

gl and ge efine an interior
pressur%éﬁhwp%oga”?ga&q%ﬂ%}]@%rtq%tﬁp%f:%glg R)L@d'ﬂ% ﬁ)ere"ﬂaw ng a pressure

I espongkiy 6prfg sl sprtigst on di sposed therein, an urging neans di sposed

Wi thin said sSpring l?1ou5| ng, said urging neans urging said pressure

r eSpongi A Bydedlicifly dtuedsiate abiebtoebortihg ®tclang, wleeemd positions; said
pressure responsive actuator piston coupled to said valve stem by an

adapt esaig tener hesdiintludees duid port fespiopiging presasitizestlivid tppaid wapel ncl udi ng a pi ston
and a Seadimnepsyrechamidn angut | sai d piston and said spring retainer nut
separable to prevent ambient ress e acti ng thin said pressure chanber
on sai ae' PRIEG ?‘@"Eé’?g&ﬁ%?ﬂ‘édp PWP@V'"%P@?%‘H quHW‘I’ %I ng said val ve stem
and, s!i’it GOPERRHMTS"AMaNd i ncl udes a raised inner face and pressure applied

to saig Awa%r.cahmua?éﬁﬁaﬁuggu&t;@am%wyg&sam RiEON into contact with

sai d Spri retal ner nut sai d ressure ?esp nS| ve actuat or pl ston and
urges §%IG¥> RAMB L8IidSow bore therethrough, said valve having a gate member

movable between first and second positions for opening and closing said fluid
flow bore, a valve stem coupled to said gate member,

a spring housing including a bonnet for coupling said spring housing to said
valve;

said bonnet including a valve stem bore extending through said bonnet and a
sealing means disposed around said valve stem bore for sealing said valve stem
extending through said bonnet;

said spring housing including an upper head and a packing gland, said upper
head includes a counterbore therein to define a pressure chamber therein, said
upper head and said packing gland sealingly engaging said spring housing to
define an interior pressure chamber, said interior pressure chamber having a
pressure responsive actuator piston disposed therein,

an urging means disposed within said spring housing, said urging means urging
said pressure responsive actuator piston between first and second positions;

said pressure responsive actuator piston coupted to said valve stem by an
adapter stem; .

said pressure responsive actuator piston including a piston and a spring retainer
nut, said pision and said spring retainer nut separable to prevent ambient
pressure acting within said pressure chamber on said pressure responsive
actuator piston from loading said valve stem; and,

said packing gland includes a raised inner face and pressure applied to said
upper head pressure chamber urges said piston into contact with said spring
retainer nut of said pressure responsive actuator piston and urges said adapter




16 Septenmber 2005 steminto contact with said raised inner face of said
packi ng gland and said urging neans to its first position. 9. A
hydraulical |y actuated val ve actuator and val ve assenbly according to claim
8, wherein: said packing gland including %‘é@%t&ﬁb%tzﬁtﬁg bore therethrough and
a sealing neans disposed around said valve stembore for sealing said

val ve stem extending through said packing gland and said bonnet. 10. A
hydraulically actuated val ve actuator and val ve assenbly according to
claim9, wherein: said piston of said pressure responsive actuator piston

i ncludes sealing nmeans positioned thereon sealing within said counter bore
of said upper head and said piston is reciprocable therein in response to
pr essuknapplcbskt wih Sad fise® mhérgace P usd pgekinggand &id ardessur e chanber or said
upper hemgd heaes sUkdirst pasitioer . 11. A hydraulically actuated val ve actuator
and val ve assenbly according to claim 10, wherein: said bonnet includes a
st em b&ck betaulichly attdated valvgiagiuaial and valve assenély@dessding e 6leilespondi ng backseat
shoul dérwheigi®#, sai d st em backseat shoul der contacts said bonnet stem

back t. shoul d when i.d i id i
o e e R A 1 S
d

nggiEng!
said sf{r al;pﬁ) ﬁ%@aé{i ‘% responsive actuator piston. 12.
A hydrgllat e “E’% ctu gdn i?‘ve ng(?t'uator "and val ve assenbly according to

cl ai m 13, A Wariufdaly at@itdd VavEbRGatoraRl SallSaste®BIy b&@rdink3e A hydraulically
act uat edinvélwherect uat or and val ve assenbly according to claim 12, wherein:
said spring is a coil spring. 14. A hydraulically actuated val ve actuator
and valsié piates efdaid/pressamrrelpogsitecactuetonpisterd Belugdseraingmegas d upper head

i ncl udessitenéd tegopegaling withinsagjsisloymterpors dseid uppasiedd amd@aifo sai d upper head
pr essupistop fratiRrpcablaritiereis 4 rgspopsd ta graseHie perYeY WEPIHERE % fluid port for

suppl yheRgiNgrrierion Presie $a(iPer & §21¢ 4PRer neaskREPSSYe CRRBR%&ur e chamber. 9

11. A hydraulically actuated vaive actuator and valve assembly according to
claim 10, wherein:

said bonnet includes a stem backseat shoulder;

said valve stem includes a corresponding backseat shoulder; and,

said stem backseat shoulder contacts said bonnet stem backseat shoulder when
said urging means urges said pressure responsive actuator piston to said second

position and thereby limits movement of said spring retainer nut of said pressure
responsive actuator piston.

12. A hydraulically actuated valve actuator and valve assembly according to
claim 11, wherein:

said urging means is a spring.

13. A hydraulically actuated valve actuator and valve assembly according to
claim 12, wherein:

said spring s a coil spring.

14. A hydraulically actuated valve actuator and valve assembly according to
claim 13, wherein:

said upper head includes a fluid port for supplying pressurized fluid to said uppe
head pressure chamber; and, .

said spring housing includes a fluid port for supplying pressurized fluid to said
interior pressure chamber.




