2253467 - 1 - GATE VALVE W TH HYDRAULI C ACTUATOR This invention relates to
a hydraulic actuator for controlling the operation of a safety valve mhich
is designed to actuate automatically wupon 'loss of control pressure.
Formation fluids including oil and gas produced at a well é§y§5'§p&p j}
through flow lines to renote gathering stations. It is conven ha
practice to use safety val ves which are responsive to a nunber of different
changes in operating conditions to automatically shut off 10 flow at the
onset of unusual or unschedul ed operating condi- tions. For exanple, ("
conventional oil and gas gathering systens include safety valves which are
designed to auto- matically close in the event of fluctuations either above
or bel ow predeterm ned settings, such as high and low |liquid 15 | evels,
hi gh and | ow tenperatures, and electrical power |oss. Also, catastrophic
failures may occur in which flow | i nes are broken by expl osion, storm
damage and the like, creating sudden decreases in flow line pressure. It is
desirable to be able to conpletely close off flowin the event of damage or
breakage of the flowline to 5 prevent waste of the well fluids or

environnental contam - nation. Mreover, it is desirable to be able to shut
of f
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' GATE VALVE WITH HYDRAULIC ACTUATOR

This invention relates to a hydraulic actuator for
controlling the operation of a safety valve which is
designed to actuate automatically wupon loss of control

pressure.

5 Formation fluids including oil and gas produced at
a well head are conveyed through flow lines to remote

gatherlng stations. It is conventional practice to use

changes in operating conditions to automatically shut off
10 flow at the onset of unusual or unscheduled operating condi-
tions. For example, conventional oil .and gés gathering
systems include safety valves which are designed to auto-
matically close in the event of fluctuations either above or
below predetermined settings, such as high and low liquid
15. levels, high and low temperatures, and electrical power

loss. Also, catastrophic failures may occur in which flow

safety valves which are responsive to a number of different (-



flowif the pressure in the flowline rises above a pre- determined |evel
for any reason, such as an increase in well pressure or. a downstream

bl ockage i.n the flow conductor. tn 10 many such operations, the production
fluids are conveyed under high presstze froma well which is in a

rel atively inaccessible |ocation, such as a platformover a body of water
or may becone inaccessible due to weather conditions. Conventional safety

Val ves WHinSF apeecbyobeny bigeaxploshoni| shsgrmyadanage sk chiRei hdkade val ve
menbers for con- trolling flow which are connected with a hydraulic piston
adapt&dqr&arte‘é}cﬁ)rﬁi“f‘{?fﬂc?ﬁ%ﬁiﬁ%%%u*% &cﬁ’w obt®® nBr&FTUERosi ng the safety

val ve. Surface safety valves are installed as a secondary master val ve on
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operate i n response to the pressure o ng contro d so that a

suddes, preadrantdwaster 6Fs WHe iaD) aF14d2dEhe s ad @k yromhametdl | bohesmlit in

cl osing the val ve. Such val ves use a pilot valve which responds to the
pr essur mathiaorge | Moreeverl,| it uissdesiraibde diel her abd@setd hehahf efif val ve
control pressure so that the safety valve will close. - 3 - In-another

f orm of fyaw aLfi ddid ypopgesutred isafttheg fibved inen rhdeperabovie saupre-of
control pressure is applied '
L etermined level for any reason, such as an increase in well

_ pressure or a downstream blockage in the flow conductor. 1In
;10 many such operations, the production fluids are conveyed
under high pressure from a well which is in a - relatively

inaccessible location, such as a platform over a body of

water or may become inaccessible due to weather conditions.

Conventionél-safety valves which are commonly used

15 in o0il and gas flow systems include valve members for con-
'trolling_flow which are connected with a hydraulic piston
adapted td respond.to fluid pressure for opening and closing

\u; the safety valve. Surface éafety valQes are installed as a
'secondary master valve on a well head tree, as a wing valve,

20 in flow lines, on header valves, gathering lines and cross
country pipelines. In pilot assisted forms of such safety
valves, the hydraulic piston as well as the valve member
operate in response to the pressure of the fluid being
controlled so.that a sudden, substantial pressure drop at

- 25 the safety valve will result in ciosing the valve. Such
valves use a pilot valve which responds to the pressure
change in the well fluids to immediately release the safety

valve control pressure so that the safety valve will close.



to the piston in response to sen5|ng a eondition such as pressure changes
-at a ‘renote |ocation. . Such renotely 5.controllable safety valves are
useful for controlling the flow fromwells which are |located in-relatively
i naccessible locations. Such rensgely control | ed val ves are designed to
actuate automatically upon | oss of control pressure. The renotely
controll ed surface safety valve is a 10 hydraulically controlled val ve that.
i s operated byIa crssdiehyfoam ief shydesulbiced lyanoperapedatsatetnnpl etel y

i ndepen- dent of well fluids and pressures. .. The hydraulic surface saiety
vaIvev?§Vﬂ§S|QﬁeénﬁspﬁédﬁéFd585§ﬁeb9fh§&HQHQ¥:Hﬁﬁﬁ§Qﬂe;ﬁ%ﬁéﬁﬁkﬁ%ﬁnlng “on
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damege coul d cause mainflow line pressure to ctuate. ny oil and
gas i ppbel Fabinonellkhanieadutle Qbchiteldds e 1GhAITY s asdess Bt er i al s,
paraffin products and corrosive fluids, and may include highly corrosive,
t oxi clgaaesoasch gﬁdhsﬁembtmﬁylcumtrdbled haloes ey dewidngd elssure
-shoul d be contained in the valve body and not vented to the atnos- phere.
' actuate automatically upon loss of control pressure.

The remotely controlled surface safety valve is a . L) l
10 hydraullcally controlled valve that is operated by a closed
hydraulic system which can be operated completely indepen-
dent of well fluids and ptessures. The hydraulic sufface
safety valve ' is deslgned to be held open by hydraulic
contfol' pressure acting .on an actuator piston. Loss of
. 15 hydraulic pressure in tﬁe actuator cylinder permits the well
or flow line pressure, acting on the gate of the lower stem,
together with the force exerted by a closing spring, to

'drive the gate into a closed position,

Various_ monitoring devices and pilots can bel

20 installed in combiuatiqn with such valves in a system where
damage could cause main flow line pressure to fluctuate. In
many oil and gas_installations; the production fluids may
contain abrasive materials, paraffin products and corrosive
fluids, and may include highly corrosive; toxic gases such

25 as hydrogen sulfide. Accordingly, uell pressure should be

contained in the wvalve body and not vented to the atmos-

phere.



4 Hydraulic surface safety valves nust operate for extended periods w thout
activity other than nmaintaining an open bore through the main flow line,
and nust be capabl e of rapidly shutting off the flowin response to 5

| oss of control pressure. According to the present invention there is

provi ded a val ve actuator for use in comgination with a fluid flow contro
val ve of the type including a val ve body having a fluid fl ow passage and a
val ve cl osure 10 menber novabl e between first and second positions for
openiﬁg and closing said fluid fl ow passage, respectively, said valve

act uat & conprising aHydwsuddcasupfedef safetynvelves musthepezeate oy,
sai d housing having a pressure chanber and a flow port comunicating with
said 15 pPEdendedc RerBedst yi therk ectayitheotben shepoRaistairdng into
and out of said chapber, i ston. di spl.aceabl y_di sposeq in sajd pressure
chanber, saP8 FP§Po oﬁngﬁﬁggﬁkafPSIngﬁxggﬁﬁiﬁ@nﬁorsngePPﬁ%nbea pocket and
an axially t i.ng .t hreaded unt erbore_enl arging sai d_pocket, .,a-20

val ve sten1§§8§pgg gg gggégg's%oHF %3_d°gglGégs?eﬁgbépnﬁeaggaﬁgdtPor

attachmgnt §a.sai¢ “ahyeod! asuss eMber, and positioning neans di sposed
Wi thin said prston pocket for coupling said piston to said valve stem said

posi tioning means i nchedoRaing! toeefedpradBhkNInkBALaBA &nBiral 98 25
coupling collar disposed within the piston pocket, said piston coupling

col | ar " bei ngrokriteaeaded1eagageiatbrwicblk asedihhteaBedatadnand thheeaded
pi ston count erbore, _
_ ' fluid flow control valve of the type including a wvalve
-\ body -having a fluid flow passage and a valve cLosure
10 member movable between first and second positions for
opening and closing said fluid flow passage,.reébectively,
said valve actuator comprising a housing adapted for
connection to'tﬁe valve.bodj, said housing having a
pressure chamber and a flow port communicating with said_'
15 pressure chamber for pefmitting the flow of control fluid
into and out of said chamber, a piston displaceably
disposed in said pressure chamber, said piston'having an
W, | axially extending bore defining a pocket and an axially
ektending threaded.counterbore_enlarging said pocket, a
.20 valve stem coupled to said'pistoh, said valve stem being
adapted for atfachment to said valve cleure member, and
positiqnihg means disposed within said-pisth‘pocket for
cdﬁpling said piston to'séid valve stem,'said positioning
means including a threaded coupling rod and a piston
25 coupling collar disposed within the pisfon pocket, said
piston coupling collar being in threaded engagement with -

said threaded rod and threaded piston counterbore,



5 respectively, and said threaded rod being connected to said valve stem
Preci se adjustment of the seating position of,the piston can be established
by setting-the axial 5 position of the packing collar and thereafter
threadi ng the piston onto the rod and torquing it into engagenent with the
.packing collar, which defines the [img of its extension novenent. The
pressure chanber is preferably sealed by a 10 -static annular seal nounted
and ret ai hegpestitelynsafe dhagethRrehoea pbat beinfasbrnebodai 8g and the

external. surface of the piston is polished for slidable, sealing engagegent
agai nst tseidtwalvesstém.Surface safety valves are manufactured and 153F
assenbled to neet_ANSI/ASNE sgandards and APl spepificat[ops for various
appl i cati ons. The hijueaisecadivatment afcthesseating apesitionngfassenbl ed
according to the same standards and specifications, but with dinensions to
accommpdatRetREstaR| 6a8 Berortablighedsby paettingnthecaxiakitial assenbly
of the actuatpor valye stemto.the e, th eatin osjtion.of the
act uaf or B?%Tgﬁoﬂug¥ Béeca?ggthycag}ﬁgtgagtgh%¥%9?5§?c BE%ﬁ?ng al i gnment
of the gaﬁﬁeb;g![&%? Bnt8erRal by Xﬁhvgo?g{lfng 108148y 8hs8Fefbnthe gate
from smooth bore alignnment s referre as O -
with the packing collar, which defines the limit of its
extension movement.
The pressure'chamber is'preferably sealed by a
10 static annular seal mounted-and retained on the inside
diameter bore of'the'chamber'housing and the external
surface of the piston is polished for slidable, sealing
engagement against the static seal.
Surface safety valves are mahufactured and
15 assembled to meet ANSI/ASME standards and API
specifications for various applications. The hydraulic
actuators are alsb manufactured and assembled according to
the same standards and specifications, but with dimensions
to accbmmodate the various service clagses. During the _ N\
20 initial assembly of the actuator valve stem to the gate,
the seating position of the actuator piston must be
-carefully adjusted to provide concentric alignment of the
gate bore with Ehe-safety valve bore. The deviation of
the gate from smooth bore alignment is referred to as
25 "drift", and the initial drift encountered upon
installation is the result of cumulative manufacturing

tolerances in the actuator components. Smooth bore

alignment of the gate is necessary to avoid flow



25 "drift", and the initial drift emcountered upon installation is the.
result of cunul ative manufacturing tolerances in the actuator conponents.
Snoot h bore alignment of the gate:is necessary to avoid flow 6
obstruction through the safety valve, and to permt tools to be run through
the bore of the fluid line-and through tiée safety valve. In a preferred
fermof the invention, therefore, 5 adrift adjustment collar is novably
nount ed on S&skrvstsiany, thrgughe dieasafatih yadiveanndata aermdifgdpsdisi e with
sai d Riston and thereby defining a stop for limting extensjon of said

pi st o~ and YaRlehFuR \Tér\%‘gﬁ dhigdarsyof dhe Livdd dine andntrauel an end

portion extqﬁgiggggo t hrough a val ve stem passage in said collar for
attachment tOSAYSH V@Y sure nember. The actuator piston may have an

axi ally extendi ng, threade ket | § readed raod received within the
ga g:l S%Cer%e’d Vﬁorm] 3¢ h:f% Si_ vention Ei:hgre@#r

pocket and coupled to on by a col Irar ‘having 1’'nsi de *§4ds and

out si de g hr gads.; ¢4 %d%quied&& (11O TP RN in{&gxé&@ag@&{@gmof gate

drift, the threaded coupling arrangenent between ve stemand the
pi ston can HdIE g ddar0haAGHeEd RN HaraeMiingadasdlde

fabricated fromrelatively expensive, corrosion 20 resi stant all oys such
as K Monel . withatsais) gistdie and thereby defining a stop for limiting
extension of said piston, eﬁd having a valve stem passage,
and said valve stem having an end portion ‘extending
10  through a valve stem ﬁassage in said collar for attachment
| to.said'valve elosure ﬁember.

The actuator piston may have an axially
extending, threaded bocket, with a threaded rod received
within the poeket and coupled to the piston by a collar

15 having inside threeds and outside threads. 1In addition to
accommodatihg fine adjﬁstment of gate drift, the threaded
cbupling arrangement between the valve stem and the piston
can minimize tﬁe number of actuator components which must

W be fabricated from relatively expensive, corrosion

20 resistant alloys such as K Monel. That is, in the |
preferred embodiment, the oniy acfuator component which is
exposed te flow line fluids is the valve sfem which is
machined from a cofrosion resisfant alloy such as K Monel;_
Because the valve sfeh is sealed by a static seal, which

25 may be mounted within the acfuetor bonnet, the remainiﬁg
internal components of the actuator can be fabricated of
relatively inexpensive, high strength materials which are

more easily machined, such as stainless steel.



preferred enbodi nent, the only. actuator conmponent which is exposed to flow
line fluids is the valve stemwhich is machined froma corrosion resistant
al l oy such as- K-Monel. Because the valve stemis sealed by a static seal,
whi ch 25 may be nounted within the actuator bonnet, the remaining

i nternal conmponents of the actuator cah be fabricated of relatively

i nexpensive, high strength paterials which are nore easjly machi ned, such

as stainless steel.Furtge?uf?ﬂEYr?%a?ﬂqe%dﬁﬁﬂt%ﬂﬁﬁn?ﬁgﬁgeoPr?ﬁ%nBresent

i nvention, W b ecl at kil in t . ' di ng.-t
imventon L bt ec gl g b ees sl Lhese | 0 Decat 1 g gl o
draw ngs,, Nt §é§ﬂb5the'ééﬁé%%%%g%%$§¥ffﬁf? gﬁﬁiéﬂﬂféffég syjhhe subject

of our co-pending application ! ~drawings: Figure 1 is an
el evat i Oncyh PihcPPEh | With E8E14E0PacRéd 2aPNiRYs] CwREENabPEcassenbl ed onto a

~surface safety valve; 10 , Fi gures 2A and 2B are enl arged
el eveg i onpl 1w ErSte paridtier NiseshtOon €hat hes s aghb featt ot @arshown in
Figure 1; and Figure 3 is a perspective view of a threaded

co-pendingiapplication 8900561.5. In. the drawings:
_Figure 1 is an elevation view, partly in
section, of a hydraulic actuator assembled onto a surface
safety.valve7 |
10 FiQufés‘ZA and 2B are enlarged elevétibnal | | o/
- views, partly in secfion, of the hydraulic actuator shown |

in Figure 1; and



coupling collar shown in section in Figure 2B. In the description which
fol.lows, like parts are indicated throughout the specification and draw ngs
with the 5 sane reference nunerals, respectively. The draw ngs are not
necessarily to scale and the proportiBens of certain parts have been
exaggerated to better illustrate details of the invention. Referring now
to Figure 1 of the drawings, a 10 hydraulic actuator 10 is assenbled
onto a safety vaF38UYEg wAi chSi sadeRFEFRACELYCCoViieYl | PRy @ hetBFeaded ssi on

of flsui rough a.flowline . froma.source, .such a well, to a location
reanwﬁ€§3§?éﬁg §8E}€§,SQS¥H 48 FerhdpD e FLFUHS 4P ve 12 is adapted for
c¢onnection into the flow l.ine 15 adjacent the well for shutting off flow

through the flowrhi ng,ét aegergfghhohn dﬁ%‘cl@v%ﬂflc]{b%t; th @r-f;,%_%;gseé the

flow line downstream of the safety valve exceeds a predeterm ned value or

decr easgfidibated taropgddetethenepecididation HHY ataimgs Wit €igsi gned
to close the safety valve 12 upon 20 | oss of control pressure which is

app! i 2dsamet hefleyénzel nomaeckhlst, orespeatdivedly . nITie pixdwidgs Tdee hyott aul i ¢
actuator 10 is operated by a closed hydraulic system which can be operated
conp! et Begesaaspdy- tenscalef land | the propontdons dfie ceaftatin vpaves12 is
hel d 25 open by hydraulic pressure acting on an actuator piston 16. The
pi st on BaVEs hrancaxaggrratadpdiserbeyternddd lustuateh datpddss of veheabl e

vol unme thra l.ic pressure chanber 20. :
: invencion.

N\ | - Referring now to Figure 1 of the drawings, a
10 hydraulic actuator 10 is assembled onto_a saféty_valve 12
ﬁhich is designed for controlling the tfansmission of fluids
through a _flow line from a source, such as a well, to a
'location remote from.the source, such as_a'taﬁk. The safety
valve 12 is adapted for connection into the flow 1line

15 adjacent the well fbr'shutting off floﬁ'through the flow
"line at the well in the event that the pressure in_the flow
"line downstream of the safety valve exceeds a predetermined

QJ value or decreases below a predetérmined value. | The
| actuator 10 is designed to close the safety valve 12 upon
20 loss of control pressure which is applied to the hydraulic

actuator through an inlet port 14.

The hydraulic actuator 10 is operated by a closed
hydradlic system which can be operated completely indépen—
dent of flow line pressures. The safety valve 12 is held

25 open by hydfaulic pressure acting on an actuator piston 16.
The piston 16 is housed within a power cylinder 18 which

encloses a variable volume hydraulic pressure chamber 20.



Loss of hydraulic pressure within the pressure chanber 20 permits flow |ine
pressure acting on the gate stem22 in combi nation with a bias force
exerted by a closing spring 24.-to retract the pi,ston and nove the val ve
gate 26 to a 5 position which bloclgs- the flow through the safety valve bore .
28. According to this arrangenent, the safety valve 12 can be installed

adj acent to a well head, and is controll- able froma |ocation renote from-
the webksbyf hbydppuilliat imressursg wWithinl ithe opressupeestipmbamt 30t he
pressure chamber 20. The bore 28 of the safet¥ val ve 12 provides a

[ ongi PGHW&&F Ry p&§§§gé"f%ﬁ5‘t‘b‘%’m§EF|’-BH i9f other [GATS | AESMTIRZ sé'flety%l ve.
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within 20 the gate cavity 32 and is coupled to the valve stem 22 by a-

t hreageqd coupling 38. The valve gate 26 includes an aper- ture 40 which is
illustrated in bore alignment with the longitudinal flow passage 28 of the
~safety val ve. The position of the gate and piston as illustrated in

‘Figure 1 25 cowmcespaiidey viie hthhs prsbogementg dﬂKEﬂﬂEﬂEtﬁewabdepmﬂltlOn
with the pressure chanber 20 fully charged.
can be installed adjacent to a well head, and is controll-

able from a location remote from the well by the application . NG

10 of hydraulic control presSure into the pfeséure chamber 20.

The bore 28 of the safety valve 12 provides a
longitudinal  flow paesage for connection into a flow line.
The safety valve 12 includes a body pbrtibn 30 through which
the 1ong1tud1nal bore 28 is formed, and in which a gate

15 cav1ty 32 is formed. The valve body may be rigidly connec-
~ted to flow 1line sections by connector belts which extend

through aligned apertures in flanges 34, 36.

The gate cavity 32 intersects the longltudlnal flow

passage 28. The valve gate 26 is slideably received within:

20 the gate cavity 32 and is cdupled to the valve stem 22 by a
threaded coupling 38. The valve gate 26 ihcludes an aper-
ture 40 which is illustrated in bore alignment with the
longitudinal flow passage .28 of the safety valve.  The
position of the gate and piston as illustrated in Figure 1

25 corresponds with the_piston being extended, seated position,

with the pressure chamber 20 “fully charged.



-10-, Upon rel ease of pressure fromthe pressure chanber 20, the piston is
retracted into the pressure chanber 20 in response to the closing force
appl/ied by the bias spring 24, together with the hydraulic pressure

devel oped by flow line 5 fluid enteriLpg-.the gate cavity 32 and bei ng
appl i ed agai nst transverse surfaces of the valve stem 22. According to
this arrangenent, flowline fluids accumulate within the gate cavity 32,

rrat her than bei ngupgoscirelgasdei oifo gressiide Ofifsh Nthet preskare cha?i{bérgate 26
i ncl udes a solid body 10 portion 26A whi ch engages an annul ar sealing

ring 42 2@r bhecpilsgonl dw wetaegiteshiigtto vidhe ephessur8 ebamberpi2® dm 16 is
fully retracted. The closing spring 24 is designed-to retract the piston
and gat er¢FRepEAdEAL t;xeoﬁlwwgl fascer eppliedi byt fhegdiasc SHnipgB 24,15

The hydraullc actua% 10 i ncl udes ‘a bonnet 44 _for_coupling the actuator
onto the %%‘FE]F?"V‘JP 8 the hydrawdig pregsreddgvateradcbypfley ddner 46

aa e prifiictnken gy Tnelioate S Y489€m$fe‘ﬂg th@s?%%% 158 pardy
coupl i ngy £ghL ot 48 %léqg&%de&fb%&% PPN 848n50- p3he cRUBbERGABORPL 44
r Cc

has a body porfion ough™ whi a snDot ve sten1 ore or med.

The val. ,venféera&%rn_ﬁeﬁnéhﬁool iF30Gd. 1 £ rfiuﬁﬁ se&h&aia%%A WL R P OIS
t hrough t he bonnet bore 54 and bears in sealing 25 engagenent agai nst a
static a@aﬂéarc@ﬁﬁkyn93§§31réﬁher17Ehan being dlscharged into the
. surroundlng atmosphere. The gate 26 includes a solid body
'\/io portion 26A which engages an annular sealing ring 42 for
blocking flow thfoﬁgh safety valve bore 28 as the piston 16
is fully retractéd. The closing spring 24 is designed to

retract the piston and gate independently of flow line

-pressure in the gate cavity 32.

15 | The hydraulic actuator 10 includes a bonﬁet 44 for
coupling. the actuator onto the safety_valvellz. The safety
valve body has a coupling collar 46.concegtric with the gate
cavity- 32 for engaging the bonnet 44. The bonnet 44 is

- provided with an annular fiange 48 which is secured onto the

20 coupling collar 46 by threaded'bolt connectors 50.

The 'coupling bohhet 44 has - a body pd:tibn 52
through which a smobth valve steh bore 54 is formed. The
valve stem 22 has a polished, cylindrical éurface 22A which
extends through the bonnet bore 54 and bears in sealing

25 engagemént against a statié annular packing seal 56. The
bonnet bore 54 is enlarged by a polished counterbore 58, and.
the annular packing seal 56.is retained within the polished

counterbore 58 as a static seal assembly.



bonnet bore 54.is enlarged by a polished counterbore 58, and the annul ar
packing seal 56 is retained within the polished counterbore 58 as a static

seal assenbly. As shown in Figure 2B, the static seal assenbly 56 is
retained within the polished countedBere 58 by a drift adjustnment packing
collar 60. The bonnet bore 54 is enlarged by a counterbore 62 mhich

is concentric with the 5 valve stem bore 54. The counterbore 62 has
i nternal threaddSeSRosiag im&EiFyre 2B ukhaestatdc seado Istempt XrQPexternm

bor ¢ 557 63@&aﬁ%ﬁ Attt T*aﬁf?%?ahﬁéug f%seé%seeﬁéﬁideQ i 5%5%' SQ,:“'
1
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agai nsImlE?? eBOIHE N8 d RXnIVorslir§ ACGhTEN Ofs t@@n&éh!@iét MdH ogges a
fluid seal- To prevent exposure of the actuator internal conmponents to flow

li nes fallde whieahbateund.at ehd douhtidibor® G ravirve Sral Therdadset body

52 is provided with an annul ar coupling collar 64 which bears external

t hreadé2844and the drifift edjostmendr ddllms 60t dasalmdthirendsxtidinal sposed

in threaded engagenent with the coupling collar 64. According 20 to this

ar rangtheeads 608 .acAfdesrr the ipackimegrseal i56 dmsipreemt inserhedtion with-

respect to the safety valve 12, with the valve stem being positioned in

ajlgnnﬁhﬁ\mqlﬂ$h@d bore 58, the drift adjustment collar 60 is
screwed into the threaded counterbore 62, thereby retalnlng

10 the packing seal 56 within the smooth counterbore §8. -

Engagement of the static packing seal 56 against the
polished external surface 22a of the valve stem produces a
fluid seal to prevent exposure of the actuator internal
components to flow line fluids which accumulate within the

15 gate cavity 32.

The bonnet body 52 is provided with an annular
coupling collar.se.which bears external threads 64A. The
actuator cyllnder 18 has internal threads 18A dlsposed in
threaded engagement with the coupling collar 64. - Accordlng

20 to this arrangement, the actuator 10 is supported in an
upright orientation with respect to. the safety valve 12,
with the valve.stem being-positioned in alignment with the

gate closure member 26.

The wupper end of the actuator cylinder 18 is
25 provided with internal threads 18B for receiving a cap 66.
The cap 66 has a body portioh 68 on which external threads

68A are formed. The cap 66 is screwed into the threaded



gate closure nmenber 26. The wupper end "of ~the actuator cylinder 18 -
is-25 provided with internal threads 18B for receiving a cap 66. The cap 66
has a body portion 68 on which external threads 68A are forned. The cap
66 is screwed into the threaded -12429pen end of the cylinder 18 until
it engages an annul ar shoul der 18C. The <cap body 68 is sealed:

agai nst the cylinde re 70, py.rubber Orjng.seals 71. 5 An indig¢ator
stem 72 é’)&eéhdénflro‘?#tﬁg‘eup%l o#%t Hé“‘b’rj;t& 1B RGBT g h@n’ﬂ?\gggure
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proj ects gﬁ% LRS- & 3 b%éen]ﬁlbéf’ro-pfﬂ%% Cej%é‘ﬁlé‘n’l'i ndi cation 10 of the

safety valve operating no In the p erred enbodi nent, the indicator

stem72 is integrally formed with the piston 16." In the val ve open node,

the termnal end 72A of the indicator stem72 is barely visible, but when

the safety 15 valve has been actuated to the val ve cl osed position, the

pol i sh&d agxt éhddlcatorf astem2® Df ekliendper fiitan Himm wppberpreg@ciof the

substantially above the-cap 66 to indicate and verify the closed position

of the gatisiton The tthrmuugtd thel poessome7ZhambemcBbred Aobogegalkentat by a

wench so that 20 the piston 16 can be rotated within the c%/I I nder 18 to

pr e- formed in the body of cap 66 in alignment with the longi- -
tudinal axis Z of the piston 16. The indicator stem 72
projecfs through the cap bore 74 for providing an indication

10 of .'thé safety valve operating mode. In the. preferred
embodiment, the indicator stem 72 is integrally formed with

the piston 16.

- In the valve open mode, the terminal end 72A of the

'indicator stem 72 is bérely visible, but'when'the safety

15 valve has been actuated to the valve closed position, the
polished ~external surface 72B of the  opefator stem  will
project substantially above the cap 66 to indicate_ and

U verify the closed-positién of the gaté.. The tgrminal end
portion 72A is machined for engagement by a wrench so that

20 the piston 16 can be rotated within the cylinder 18 to.pte—

load the return spring 24.

The indicator stem 72 has a cylindrical, external

polished surface 72B which engages in sealing relation with

an annular packing assembly 76, in the form of

25

a static seal which is engaged against and retained on a

polished counterbore 74A formed on cap body 68.



‘load ‘the return spring 24. The inditator stem 72 has a cylindrical,
“external polished surface 72B which engages i.n sealing relation with an

annul ar

packi ng assenbly 76 in the formof .25 a static seal which is

engaged agai nst and retai ned on a poritdhed counterbore 74A fornmed on cap

body 68.

ring 80.

oo N, SoBRPA ) A EES e
spacer 1§Zals.Th:ré-{(é rffré@a£nhl§1590§!e\é§_? ni\@ L&“‘B%F?EE%QEQ?Q QQuUAt grfipre 74A,

and t he

second P INg I'S recei ved Wt counterbore

-13- As can best be seen in Figure 2A, the annul ar packing
assenbly 76 conprises first and second redundant seals.

seal is an el ast ofi8r i¥@%edest nfe7sSeePpoitt e &1L | ¢y BNPold3HaFackup.

The first annul ar

74B.

The packhnonpgsecdd Lelsaingd Bet ipepodyimical paeknp! Fiflg 89 .and i al

shoul ders 88,

i s snbt Bedoaddspalli shegrbeigeadugean blaistomeirid? S wity SNaehidie

packi ng

assenbly is static, the counter- 15 bores 74A and 74B are nachi ned

The external cylindrical surface of the indicator stem 72

and pol i $hesuppoatéd Bkbalilgi dly. aTpelgmgagdaskupofrinte fplamshed nexitad nal

cylindri

10

15

20

- assembly 92. The

25

cal surface of the indicator. stem 72 against the pack
packing spacer 127. The first seal  is received within a

polished counterbore 74A,'and the second packing is received

within a _polished counterbore 74B. The packings are-

retained betﬁeen a metal spiral ting’BG and radial shoulders

88, 90.

The external'cylinarical surface of the indicator
stem 72 is smoothed and polished to produce a finish of 32
RMS, and since the packing assembly is sfatic, the counter-
bores 74A and 74B are machined and polished to a 63 RMS
finish. Théféngagement of the polished external cylindrical
surface of the indicator stem. 72 against the packing

assembly 76 seals the interface between the indicator stem

I ng

72 and the cap 66, thereby Sealing the upper end of the_'

hydraulic pressure chamber 20.

The lower boundary of the variable volume pressure .

chamber 20 is fixed and sealed by a static packing
packing assembly 92 includes
first and second elastomefic seal rings 94, 96 which are

received within polished counterbores 98, 100, respectively.

Because the packing assembly 92 is static, the polished'

counterbores 98, 100 are honed to a 63 RMS finish. The

L



assenbly 76 seals the interface between the indicator stem 72 and the cap
66, thereby sealing the upper end of the 20 hydraulic pressure chanber 20.-
The | ower boundary of the variabl-e volunme pressure chanber 20 is fixed and
sealed by a static : " packi ngLassenbly 92. The

packi ng assenbly 92 includes first and second el astoneric seal rings 94, 96
whi ch are 25 received within pollshed count erbores 98, 100, respectively.
Because Sd&ﬂéqﬂi’g: aSSekbIEAMES | 845t &6 carehsepsitatirdl byurit cpbbymer9g,

100 are hon to a 63 RM5 finis -14- el astoneric seal rings 94,
96 ar &sé’ﬁéﬁ?‘é‘k Pod™ b99a Wi yndr "Wg:agupp??]ﬁbniofpa&%t ép4paaadr1ga§BEE%F 104,

ggﬁf ?Rgtﬁ) >¥|B%I n%ra[?]{?_@gkuan |Qgr§nllenghgho ggle&%% ggsv\ﬁ E%ro?ﬁct S
radi al | yddhtfqntefae EhaHar 2%et%@|nar Rt akaﬂﬁgi%@' 5hBa14EP W*é‘bﬁh *vﬁiéf:h

conpression fitted within an annu not c ornmed 1 n the sidewal

cylinder pkdj et etagi QY| GntaltHd NSh&bes RCe yed W tidihBsMegiba1
count erbore~98 between the spiral ring retainer 110 10 and the polyneric

backup rim@ggl@ao wHikHs OtdonteEEId0rNE 9fed Sv i@ ®JagNahi€l afSheech
di aneter of the cylinder 18 and is honed to a 63 RVS finish. Likew se, the

el ast onerfiormedalin ivie &ﬁdanar]dcmﬁ/e:cy]wddem s8wot h count erbore 100 between
packi ng spacer 104 and pol ynmer backup ring 106. The snooth
The elastomerlc seal ring 94 is received within
smooth counterbore 98 between the splral ring retalner 110
10 and the polymeric backup ring 102. The smooth counterbore
98 is formed en the inside diameter of the chinder 18 and
is honed to a_63 RMS fieish. Likewise; the elastomeric seal
ring 96 is received within smooth counterbore 100 between
packing spacer 104 and polymer backup ring 106. The smooth
. 15 counterbore 100 is also honed to a 63 'RMS finish. ~ The
smooth counterbore 98 is radially stepped w1th respect to
the smooth counterbore 100, thereby defining . a radial
shoulder 111.  According to this arrangement, compression
leads cenhot be transmitted fhrough'one seal to the other,
20 SO0 that one seal cannot be deformed by compression loads

imposed'on the other.

The pisten 16 has a polished external cylindrical
surface'iGP which 1s honed to a 32 RMS finish. The slide-
abie'sealing engagement'of the polished external cylindrical

25 surfaqe 16P of the piston 16 against the packing
assembly 92 provides a secure static seal which forms the
lower boundary of the varieble volume hydraulic pressure

chamber 20.



- pr essur

15 counterbore 100 is also honed to a 63 RVS finish. The snoot h

counterbore 98 is radially stepped with respect to the snooth counterbore

100, - t hereby defining a radial shoulder.111. According to this

arrangenent conpression | oads cannotige transmtted through one seal

the other, 20 so that one seal cannot be defornmed by conpression Ioads

i nposed on the other. The piston 16 has a polished external cylindrical N

surface 16P whicithies képedngo spBhqRMVB4Af iis siittede abode- abkedseali ng

'engagenent of the polished external cylindrical 25 surface 16P of the;y

pi ston Feamphiaist pigéon portion 16ApackThg Bhkesbng FPIII dds dSseCure |

static seal mhlcq%ﬁ:rns t he Iomer boundary of the variable’ volune hydraul i c
ween 1L b3 9 n’é%d”%c‘h F%é S aB8atnats Ehdced

2 rorar oo 408hREBE, Bithen aéfﬁfsi"’shgire%&fte% gty SpPelRpor it on
16A d d X 24
pear s oag et ThE AHeTar Factt i of -RENToIBEARg ohf [RFStR a0Riheg, OF o

SPring hd SafRflA56¢hcl LU GF &Tlﬁeg %i&&%&fﬂé‘k“é 114rhet weghihfe

piston 16 and cylinder bore 70. us 114 1s relieve to atnbspheric
pressur gprtih YENtsbasec1ddéd 1QikaiRethd Nuhpees¥livides ldulkdks The drift .

adjustnent coll.ar 60 is adjustably connected to
between the piston 16 and cylinder bore 70. The annulus 114
is relieved to atmospheric pressure by a vent bore 116

10 formed in the cylinder wall 18.

The drift adjustment collar éo is adjustably connected to
the actuator bbnnetf44 to establish the séating position of
the piston 16. The drift adjustment collar 60 is. rotated.

- 15 clockwise and counteréiockwise to adjust its axial_posiﬁion _'

by small amounts to limit éxtenSion'of_the piston 16.

A cylindrical drift bar is inserted into a bore 28 of the S
valve 12 with the gate bore 40 of gate 26 in the down and

20 open position as shown in Figure 1. With the drift bar in
registration with the gate bore 40 and the valve bore 28,
the drift adjustment collar 60 is turned within the threaded
counterbore 62A until its annular facé_GOB is flush with the
annular face 22B of valve stem 22. The fluéh'poéition'of

25 drift adjustment collar 60 is locked by set screw S. Next(

_the piston sleeveIISA is tpreaded onto a threaded coupling

rod 118.



t he &actuator bonnet 44 to establish tthe seating position of the piston 16.
The drift adjustnent collar 60 is rotated 15 cl ockwi se and countercl ockw se
" to adjust its axial position by small Lamounts to limt extension of the
piston 16. A cylindrical drift bar is Inserted into a bore 28 of the
valve 12 with the gate bore 40 of gate 26 in the down and 20 open position

as shown in Fi gur@ & coligifiderdii it gbais i pelagialir afitaio hh gihagpt e
bore 40 and the va ve bore 2 the drift adjustnment collar 60 i's turned

W thi n>theckateadss Qﬁll&heré)}OE@rx@QAdde;dﬂalllyS afnkul athé adeneQRudiddlush

‘Wi th e annul ar face 22B of valve stem 22. The flush position of 25 drift
aﬁjustneaklsoZIaf 6hei pikboked Phesappeer ewdSof Mt vallve Eitsmorexslieeve 16A
is threaded onto a threaded coupling rod 118. . -16- The coupling rod 118
i s recei pedvidedi mikhpiastthirqeoisicetcagt antrere ek2ends wbdghaltihe viawen he
Iongltudlnal axis Z of the piston. The upper end of the valve stem22 is
provi dedendlt Afather cawpd iogumadt bok& 10reaedmpen iondhrsadeds %’rﬂ?ﬁﬁ t he

I 118 d t h eaded t t th
over orBeBE - he B HNERRY o e iéa??geﬁﬁs%qﬁc%”%”mﬁ?ﬂhsh? ’
terb 12 22...0h d th t,16
enl ar ged 107 wgﬂh?leozce Coweﬁb%ﬁs Fadka et %ﬁr??iéﬁvgﬁr Gie

pin 122.

The lower eﬂa'of the piston pockét 16C is enlarged-
10 by a threaded counterbore 124, and the piston is movably
coupled to the threaded rod 118 by a coupling collar 126.
'The'coupling collar 126 carries internal threads 126A and
external thréaas 126B. According to this arrangement, the
threéded cdupling cbllar is interposed in the annulus
15 betweén the coupling rod lleland the reduced diameter piston
sleeve 16A. The coupling collar 126 is~£orqued tightly and
‘bonded against the reduced diameter piston portion 16A and
theiexternél threads 1268 are reversed with respect to the
./ internal threads 126A whereby the coupling collar 126 is
20 constrained ‘to travel with the feduced' diameter .piston
portion 16A as it is turned about axis Z within the cylinder.
i8. Rotation of the piston 15 is produced by applying
torque to the operator.stem fitting'72A with a wrench. That
'is, as the piston is being assembled onto.the.coupling rod
»s 118, the coupling collar 126 engages the threads 118A of the
coupling rod 118 and advances down the coupling rod as the

piston 16 is rotated, thereby compress return spring 24.



coupled to the threaded rod 118 by‘a coupling collar 126. The coupling
col lar 126 carries internal threads 126A and external threads 126B.
According to this arrangenent, t he _threaded coupling collar is
interposed in the annulus 15 between the coupling rod 118 and the
reduced di aneter piston. sleeve 16A. The coupling collar 126 is torqued

tightly and bongeg iagrithel. ihhe 1aadéead u anEtteir Rt Gk POI tpewi 8fdh and the~.
external threads 126B are reversed with respect to the internal threads
126A woér aihe tdel Eoupdjagteent atol2ari $Rthaonbeeai pedperlyr sal Wt the
reduced di aneter piston portion 16A as it is turned about axis Z within the
cyl i ndeecuge snRotdx ihereofaliligameind: @f DRties harrri ke bih 2l e ngexer que to

t he operator sten1fittin%-72A with a wench. That is, as the piston is

bei ng 28sentedPefi b1PRe 180NGKR rBY 25 SPitg, SEREY cSupl i TRCESPFEFr 126
the t ds _118A qof th ( ' ‘rod 118 d ad t he
Cound: BT RETEST nbepier drastes L SREP odher oy AESARr S08 THECERR opri ng
24, 117~ ' i ti.al , h ' | L] t he -
Gt SHELTRERAERE, Wiy B8 B B006TeR Bt SnBPHAE Py e
3 f e I . . Solre STo i
o Skt nce 44 R Bl s 0081 FhCRukSe REKSE Y ¢
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rotated, the reduced diameter piston sleeve 16A travels down

10. the all thread rod 118 until it is seated into engagement ;\‘J
with the annular face 60B of.the drift adjﬁstment collar 60.
Thereafter,_extensiod movement of the piston 16 is limited
bj'éngagement'with the drift adjustment collar 60, which
cauées the gate bore 40 to be held in smooth bore alignment

15 with the valve bore 28 when the piston 16 is fully

extended.

Al£hough the invention has been described with
reference to a spegific hydraulic actuator.embodimént, éné
with reference  to a particuiar saféty Qalve.application, the o
20 foregoing description is not intended to be construed in a
limiting sense. vVarious modifications of the disclosed
embodiment: as well as alternative applications of the
invention.will be suggested to persons skilled in fhe'art by
the foregoing specification and illustrations. It is there-
25 fore contemplated that the appended claims will cover any 
such modifications.or embodiments that fall within the true

scope of the invention. It“may be noted, however, that our



112 and the bonnet annular face 64B.. .As the piston 16 is rotated, the
educed di aneter piston sleeve 16A travels down 10 the all thread rod 118
ntil it is seated into engagement with the annular face 60B of the drift
dj ustnent collar 60. Thereafter, extension novenent of the piston 16 is

ITmted by engagenent with the drift adﬂJ%tnent col l.ar 60, which causes the

gate-bore 40 to be held in snooth bore alignnent 15 with the val ve bore 28

when the piston 16 is fully extended. Although the invention has been

described with reference to a specific hydraulic actuator enbodi nent, and
with rsference to a particul ar safety valve application, the 20 foregoing
descri pti oncbspBaliihgt apgedcheiba sonebsued 8 aikk8tééingo §epseve - Various
nodi fications of the disclosed enbodi ment- as well as alternative

appl i cati onacehatbe invehticbnawn bBrrbeagemggesbedfinspeasdnsestnl edals t he

art by the foregoing specification and illustrations. It is there- 25 fore

“cont enpl at edst papviHedappettiedactuptorwhbbséngefornglidéhg nedgagemnentns or

enbodi mrents that fall within the true_scope of the invention. It may be

noted, howe¥éith thegt pégiton apgd Ebep¥advRgSAEP reaPPeRiBebY561.5 is directed
to a valve actuator in which an arrangenent of first and second seals is _
provided in the actuator housing for sliding engagenent with the piston and
the val ve stemrespectively.

AN



* C L M S * 19 CLAIM 1. . A valve actuvator—for usein .
~conbination with a fluid flow control valve of t a val ve
body having a fluid fl ow passage and a val ve cI'oBF‘“J/m Ilﬂgmcllﬁ'ovabl e
between first and second positions for opening a osu N@ sal luid flow -
passage, respectively, said valve actu&lor conprising: a housing adapted

~ for connection.to the val ve body, said housing having a pressure chanber ~
and a fl| gWAIMS port conmunicating with said pressure chanber for

s

permtting the flow of control fluid into and out of said chanber; a: ton
di spl aceabl y d|spos%dvﬁhv%a§%¢$ﬁE%§Lﬁ%FC%%%b%ﬂ C%@P%P?ﬁ%?%ﬁwhﬁﬁlﬂg an i
axially e ‘gﬂg Eﬁ bore 15 |n|%9 ocket an axi al | y. ext endi ng

t hr eaded et bof € %’h?’é‘?llel i 'fyped AF ’s‘?%rﬁc% Y%d to said

pi st on, d‘géol%‘ymgtgq?gi@gf??‘goéggﬁéiean ?Wet&§%l9 val ve cl osure

menber ; I sposed W n said piston
pocked fqaemwlwaaéfédb&mé&m f&é@'&x&%&@o&&%s%ﬁ’n@%é' oni ng neans

including a threaded coupl.ing rod and a piston coupling collar disposed
“ﬂth|n trﬁbéhfﬁgﬁb@@0$ﬁﬁs1ng sald fluid flow passage, respectively,
said valve actuator comprising:

a housing adapted for connection to the valve
body, said houéing having a pressure chamber and a flow

10 port communicating with said pressure chamber for
‘permitting the flow of control fluid into and out of said
Chamber:; |

| a piston displaceably disposed in said pressure
chamber, said piston having an axially extending bore’

. 15 defining a pocket and an axially'extending threaded
counterbore.enlarging sgid pocket;

a valve stem coupled to said piston, said valve
stem being adapted for attachment to said valve élosure
member; and . ' . .'\“)

20 | positionihg means disposed within said piston
pocket for cbupling said piston to said wvalve éteﬁ, said
positioning means including a threaded coupling rod and a
biston_coupling_collar-disposed within the piston pocket,
said piston coupling_collar being in threaded engagemént

25 with said fhreaded rod and threaded piston counterbore,
respectively, and said threaded rod being connected to

said valve stem.



sai d piston coupling collar being in threaded engage

t hreaded rod and threaded piston counterbore, respectl
t hreaded rod being connected to said val ve stem !MHE ﬂmlm ,
2. A val ve actuator as defined in claimi, sa| ng

an axially extending, threaded bore, angaid threaded rod bei ng dlsposed
i,n threaded engagenent with the threaded bore of said valve stem 5
A-val ve actuator as defined in claim1, said valve stem having an annular

face .adapted for engagenment against said piston; said housing i ncluding a
val vedoupl#ng bonnet® @11y 3CHAWRE 1% ?)%‘s‘%e”hlq v t$25%i d p| st on,

d 10 I t d t hi I t
o et ngv‘?w%%%é%@é‘?‘g%%*%%?%’rﬁgg%m é”m%?iw%fc%?rp&?? Hras #ihi ng
t hr eaded I d
i caded artHS cihi@eded FA eI aPdldad 17 SLERAGr Fiiogfifab O] ©

t hr eaded C%ﬁﬁra%ethﬁéé&ie&irbéfea&f@é{@n& o | @fedravi ng an annul ar face

defining a seat engagable by said piston, the axial position of said drift
collar being adjustable relative to said bonnet and settabl e to mai nt ai n
flush surface alignnment of said drift collar face

5 3. A valve actuator as defined in claim 1

said valve stem having an annular face adapted'
for engagement against said piston; |
said housing including a valve couplinglbonnet
having a valve stem paésage aligned.With said piston, said
iO  valve stem being received within said valve stem passage
and projecting through said coupling bonnet;_and'
said cOupling bonnet having a threaded counter-
bore a;igned wifh said valve stem passage, including a
threaded drift adjustment collar in threaded engagement
iS with said threaded counterbore, said drift adjustment
.collar having an annular face defining a seat engagable by
g_/ ' said piston, the axial position of.said.drift collar being
adjﬁstab;e relative to said bonnet and settable to
maintain flush surface alignment of said drift coilar face .

20 with said valve stem face.

4f A valve actuator for use in combination with a
fluid flow control-vélve of the type including a.valve
body having a fluid flow passage and a valve'closufe
member movable between first and second positions for

25 opening and closing said fluid flow passage, respectively,



-

20 with said valve stemface. 4. *- < Avalve-actuator for use in

conbination with a fluid flow control valve of the t e |nclud|n a val ve
body haV|ng a fluid fl ow passage and a val ve closu betmeen
first and second positions for 25 - opening and cI Iow
passage, respectively, * C L-2|M S * 21 sai vaI ve act uat or

conprising: a housing adapted for connection to the val ve body, said

housi ng hadiky v lpfee SRt trardeetprarsd ey :f | ow port conmmuni cating with said
pressure chanber for 5 permtting the flow of control fluid into and oyt
of said chanber; a @ $torsing sdapygdfan camadidorhdd dervadbial |y F
ext endi ng bore deflnlng a pocket and a threaded counterbore enlarging said
pocket; 1(ody, said hoysidiq inawing fearesdes whehehiardsa £itket for

B ng PR RIS g Tk B P A SR osed w Thin i ne
St ‘ffi‘f?&w@%ni%ét‘h%e%eﬁp! AU D, i MR " 20
threaded rqd feig attached to said valve stem . -
a pistoh_iﬁ said pressure chamber having an
axially extendlng bore deflnlng a pocket and a threaded
counterbore - enlarglng sald pocket;
10 P051t;on1ng means_recelved within said pocket
for adjustably coupling said pistoﬁ to said valve-stem,
said positioning means including a threaded coupling rod
and e coupling cellar_dispOSed within the piston pocket;
said coppling coliar Qeing in threaded engagement with
15 said threaded rod and threaded piston counterbore,
respectively, and said threaded rod being attaehed to.said
valve stem}
a drift adjdstment collar movably mounted on
eaid housing, said drift adjustment collar having an ' \;J
20 | annular face engageable with said piston and thereby
. defining a stop for.limiting extension of said piston, and
having a_valve stem passage; and
"a valve stem attached to said piston, said valve
stem having en end portien extending through said valve
_ 25 stem pessege and adapted for attachment-fo said valve

closure member.

5. A valve actuator as defined in claim 4, said



a drift adjustnent collar novably nounted on said housing, said drift

adj ust nent collar having an 20 , annul ar face engageabl e wi Lﬂ!’wwmmmﬂm”"’
and thereby defining a stop for limting extension of said p#

havi ng a val ve stem passage; and a valve_ .stemattached to said pi stof, $aid
val ve stem having an end portion extena?—ﬁg'thr ough said yvalve 25 stem

Rassage an te attachment. to said valve clqgsure er. 5.

A val ve acS’ua_or %ésle%ceg?‘ﬁlert’ if damY P lngfalég%q%%g‘?ﬁ%g apd

axi ally extendi Nghrd di&RdRsk U £ng AL RALLL LY od Qe disposed in

t,nhr eatted engagement with theq?%r e%ded Iﬁ(gére of sal vc% (ge&éeg%rgeng -
with the threaded bore of said valve stem.

r




