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2116603 SUBSURFACE SAFETY VALVE This invention relates to surface .
rolled sub- surface safety valves used in oil and gas wells. Surface

@PFIed subsurface safety val ves are commonly used in various types of

S o provide down- 5 hole protection if a failure or hazardous

cqndi tfon should occur at the well surface. U S. Patent 3, é&z lgé&i

M Raulins discloses a typical ball valve and equal Img ghanlsm

used for this purpose. U S. Patent 3,826,462 to Frank H. Tayl or disclose

an alternative con- 10 fi'guration for a subsurface safety valve. U S.

Pat ent 3, 865, 141 to David E. Young discloses a flapper type sub- surface

safety val ve which has a pressure equalizing systemthat enables reopening

the valve after closure while mini-- mzing the risk of damage to the

fl apper el enent and/or 15 operating tube. The present invention provides

a surface con- trolled subsurface safety valve having a ball type valve

cl osure neans for controlling fluid flow therethrough, conprising: a

housi ng nmeans with a | ongitudi nal passageway 20 t her et hr ough; an

operating sleeve and attached piston means sljdably disposed within the

| ongi tudi nal passageway; the varvé Tlosure nmeans di sposed within the

| ongi t udi nal pas- sagewaéE ﬁeans ating control fluid pressure

with the piston neans S he val ve cl o- 25 sure neans

to the operating geve mh d' a o] ating

sl eeve causes IonS#%ﬁdfﬁX? §é_£8?g%£ £§ gug?¥§gegégg%?gmﬁgaﬁgsmnth|n t he

housi ngsurfage safsty ba&geaguacdnsnmnléhagén§¢atﬁglhsforce opposi ng | ongi -

tudi nal nmovenent QLrEQeeVébxershQéarsuaﬁaeeaea gagedyr 0414 E8; agad the
bi asi ng nmeans_causi ng | ongi tudi nal nove e valve closure

means |ﬁ°PH@n6¥hBFeﬂ|FQCYPSH°PS EYPeEePg$ #iﬁlﬁ°fPBRYf%5r§PHPough after
anysdi f helenpeotactlivhdifr asgaitarenosphasatrdossdesndition shbuédcl osure

means havgur at the well surface. U. S. Patent 3,703,193 to
George M. Raulins discloses a typical ball valve and equal-

-

izing mechanism used for this purpose. U. S. Patent
3,826,462 to Frank H. Taylor discloses an alternative con-
10 figuration for a subsurface safety valve. U. S. Patent
3,865,141 to David E. Young discloses a flapper type sub-
surface safety valve which has a pressure equalizing system
that enables reopening the valve after closure while mini-
mizing the risk of damage to the'flapper element and/or
15 operating tube.
The present inventién-provides.a_surface con-
trolled subsurface safety valve having.a ball typé valve
closure means for-cdntrolling fluid flow therethrough,
comprising: a housing means with a longitudinal passageway
20 therethrough; an operating sleeve and attached piston means
slidably_disposed.within the longitudinal passageway; the
valve closure means disposed within the longitudinal pas-
sageway; means for communicating control fluid pressure
with the piston means; means for connecting the valve clo-
25 sure means to the operating sleeve whereby longitudinal
movement of the operating sleeve causes longitudinal move-
ment of thé valve closure means within the housing



been equal i zed. Advantages of the present invention include having a balgzgéga
type ‘val ve cl-osure neans that can be reopened with a 10 mninmumrisk o .

damage to the ball and jts associ ated conponents, a pressure equalizing

system which w || equallze any pressure differential across the closure
prior to ap- plying forces which will rgtate the ball to its open position,
and whi ch will protect the cl osure neans from excessive 15 force w thout

regar Lt 0 theenggg]#glt (adiaiy r[,gansl Whd ' Séneéhl'&sssap?bk@g {,ﬁﬁ&éﬁ@ }'@‘l“%’ vely

surface to the saf ety rther,” a_valve actuator applTes
const ant, uni fietdhnady sovenand: sfe t&‘ebXPF-VFyEé°§&F9em€FB§ um Prendireckioned

to open positigg \Mﬁémﬂasrle@awéah@ ¢aaeday 18n QaudZQal ﬁ.wéméhulcslfp&essure
or formation f|UId ure. dr awi_ngs gg %? SC natlg Vi ew,
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subsur f ace safet valve wt irst or osed

valve closure neans in Its
posi tion. FI Gl 3B:igef-C are drawings in | ongitudainal .section with

portions broken away sh@mm ssaffettnev?lréeeﬁ@_ 1n9ténEﬁ.6H|r:|§§C§J%§1Q mﬁh
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val ve cl osure in its secon equa
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or open positi @ﬂﬁ% 3| %%.allglh Is’éghl”@fu%é{?%iff e ua{ﬁz‘e of

t he upper ndva ve seat reron o he val v osure
means. Fl GURE 381Y PREERIRE \ﬁleﬁﬁeé'ﬁntthéluaﬁéfpsﬁo\t Bl eloarye BEHOTr skRVRPT n
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and which will protect the closure means from excessive

15 force without regard to the amount of control fluid pres-
sure supplied from the well surface to the safety valve.
'Fﬁrther, a valve actuator applies a relatively constant,
uniform force to rotate a ball type valve closure from its
closed to open position without regard to changes in con-

20 't;ol fluid pressure or formation fluid pressure. .

' In the drawings:: L

. FIGURE 1 is a schematic view, partially in section
and partially in elevation, of a typical well installation
hav1ng a surface controlled subsurface safety valve.

25 ' FIGURES 2a, B, C and D are drawings in longltudl-
nal,sectlon showing a subsurface safety valve with its
val#e.élbsure means in its first or closed position.

FIGURES 3A, B and C are drawings in longiﬁudainal
section with portions broken away sthing the safety valve

30 of Figures 2A-D with the valve closure means in its second
or equalizing position. ' .

FIGURES 4A and B are draw1ngs in longltudlnal
section with portions bquen away showing the safety valve
of Figures 2A-D with the valve closure means in its third |

35 or open position. | o '

' FIGURE 5 is a draw1ng, in longitudinal sectlon,



(égpltatlng sl eeve which is slidably disposed around the ball nenmber of the
ve closure nmeans shown in Figure 4A. FIGURE 8 is a horizontal .
cross-sectional view taken along line 8-8 of Figure 7. 10

FIGURE 9 is an isonetric drawi ng of the pivot armused to rotate the baI
menber of the valve closure neans shown in Figure 4A. FIGURE 10 is an

i sometric view, with portions™ b? oken away, of the valve closure neans shomn
in Fi horizontal segtional view tz

l ongSF| Ea8THPEer PORRBLe valve Sogh; i M AR [ SREA g & surFace
con- bfokhedvaileurlasereaheaysval ve 20 i s shown in Flgure 1 The wel | bore
Is partially de b S r Q wel | head
22 at the surfa%gategEadsﬁﬁs%Irq-ge &ac% ytzjé-%car%on proé‘tﬁfgéllt ng forrratlon (not
shownpea¥uphaynsipi FggvBei 8- di sposed within casing 21 to conduct hydro-

ggr bon fl uid f|EmGUREthelé\Bé|d$aWi1@djﬁ nggpggq:iﬁméiﬂﬁkﬁct%d Olb{fﬁ affl uid
arrier en t xt of t t he r of . casi ng
51 1 0SaFPERELR, FhSe TR i ch. £ thide Bl AnRinch e BT ot he el |
sur f amembea ofibthg 28lvé/atlesulsd mahQGslwm pnrm\md;m:eammhe wel | sur- face
- to control flui L | l'easably -
secured within tgu% §39t§10 t)&? sz%?t %ﬂé’ ré"(ra'etv'rsiire(;)'ﬁgh In the event
of daﬁébént§19E9Ihéaﬂ Qzad?foEHQWr%déardous condltlons at the well surface.
Sb Pat ent 3, ﬁi@uﬂﬁZQdi?ca@sgg?ﬁbiég$wd§%] rﬁ? Y dised @%nnggple whi ch
can be_uge n sa ve t hi n tubin strln
FIU|d“BF§ gﬁr§°#§€ #%%t%ﬁ |€A%LﬁéiﬁﬁEQ¥9 ve 20 via
snalIsuowneiarFigude|4A27 to control ~-4- the opening and cl osi ng of
safety val ve 20 gl igenl-5 accunul at or s,
val ves and sen-F:é%?gE\Miﬁ are néoémrr%“rll?lgc assoch. Qf"fg‘h% surface
contrbFPEGnséﬁéﬁrf@éetbef%¥¥VQa$kQSure means shown in Flgure 2C.
15 FIGURE 11l is a horlzontal.sectlonal_VLew taken

.along ‘line 11-11 of Figure 4A.
A typical well lnstallatlon having a surface con-
trolled subsurface safety ‘valve 20 is shown in Figure 1.
The well bore is partially defined by casing string 21
20 which extends from wellhead 22 at the surface to a subgur-
' face hydrocarbon producing formation (not shown). Tubing
string 23 is disposed within casing 21 to conduct hydro-
carbon fluid flow to the well surface. Production-packer'
24 forms a fluid barrier between the exterior of tubing 23
25 and the inner wall of casing 21 to direct fluid communica-
tion from the producing formation to the well surface via
'~ tubing 23. Valves 25 and 26 are provided at the well sur-
face to control fluid flow from tubing 23. sSafety valve
20 is releasably secured within tubing 23 to block fluid
30 flow therethrough in the event of damage to wellhead 22 or
other hazardous conditions at the well surface. U. S.
Patent 3,826,462 discloses a locking mandrel and landing
nipple which can be used to 1nsta11 safety valve 20 w1th1n
tubing string 23.
35 Fluid pressure is directed from the well surface
' to safety valve 20 via small diameter conduit 27 to control



3 . TN
5 ; * Referring to Figures 2A-D, safety valve 20 is shown in it '
first or cl osed p05|t|on Safety valve 20 is designed so that when the 2
pressure of control flujd within conduit 27 exceeds a presel ected val ue,

safety valve 20 will open allowi ng fluid comrunication through tubing 10 -
string 23. \Wen control fluid pressure within conduit 27 decreases below a
presel ected value, safety valve 20 wi F 4ctose bl ocki ng fluid conmunication

t hrough tubing string 23. Safety valve 20 is defined hqQusi n means_ 30

whi ch has sevédii opendage apd edosdngeaesafebyseabye é&d 1l mani-

ture. Each suiass @wleontaikasicaal ﬁm?sbohhéwnﬁlétaﬁﬂ wiﬁmwlw- :
t hreads 31 on qp{p?som t.e.ends thereg w each_subassenbl.

be concentricd e @G PRTEA LY Fﬁéﬁﬁaafzﬁéaﬂiﬁéeﬂts%g%%l‘F%‘é tro
resul ti ng housubgpunface 3afietyavadieti vely | ong cylinder with a gener ally

uni - 20 orm out si de gy '&x-gg% galgg ggagkggdbﬂabr{)ggfé\%yw?acen gndi ng

t her et hrough. O-rings or r1°ngs to each
‘t hr eaded connm iy it [fﬂ-é’?itd@racﬁpﬁﬁé Baﬁil-té@nbet%%'é%t‘! Healve e2Q or and

oxtrem end of po bR S?Stha% e e Dr e L s ve 20
X usi use. i | val v
to a conventu?ﬁ“g'&l 5’%’%{5‘ r@i"\éﬁﬁgﬁ gnhBhRFelented okal u?ngs"h%ﬁﬂgé{a Twe
used to rel eaxbwildhopen adfletingafiaidOcoimniinbcatbonotistsudty Bdbirkacki ng
means 34,, carrdyed (qﬂ2t3he %gxen SOhELLY! £9 :.Hogf‘éggu bwgf {00! do iy it 27

cooper at F}ql\llth Sim ng means (No ock g
direct fluid GRaneAses b@d-ofﬂr érrPé‘éﬁQ&Bthﬁ valupensafetsp Yitﬂc‘zmg%p twiel 1

exterfor of ! hadudisediiuazientl Eoﬁéﬂamé’a&isﬂstﬁk&@éh £@hd ¥ f@&%ﬁ]s are

vel | known and,_can be used "wi sent ipvention
conmmuni-cat i ngdzcaont 54 eftIYwV&lF’Foﬁ]ot Fré ﬂélfi"ngﬂr?’&c’émt‘%’-%%e‘f‘ﬁ?‘@s Wy ng
means 34 al soHasodeveral subasSembliesafbenease \sEnasoanis Dy :i:hdumhmm‘hc-

format on J | Uil { b bl Ui 39 €3 891 8h1E51 S ASLIBY' S iheds!

t hr ough gi t'udi nal “passagewa _
match:.ng threads 31 on opposite ends thereof Threads 31

~allow each subassembly.to be concentrically aligned with and
.attached to adjacent assemblies.  The resﬁlting housing
means 30 is a relatively long cylinder with a generally uni-
20 . form outside diameter and longitudinal passageway 32
extending therethrough. O-rings or seal rings 33 are pos-
itioned adjacent to each threaded connection 31 to provide
a fluid barrier between the interior and exterior of housing
means 30. - ' '
25 Threads 35 are provided at the extreme end of
'~ housing subassembly 30a for use in attaching. safety valve
20 to a conventional locking mandrel (not shown). The lock~
ing mandrel is used to releasably anchor safety valve 20
within tubing string 23. Packing means 34, carried on the
30 exterior of housing subassembly 30b, cooperate with similar
packing means (not shown) on the locking mandrel to direct
fluid communication from conduit 27 to opening 36 through
the exterior of the housing subassembly 30a. Various alter-
native designs are well knqwn';nd can be used with the pre-
35 sent invention for communicating éontrél fluid from the well
surface to opening 36. Packing means 34 also blocks com=-
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efating sleeve 40 is 'slidably disposed within 5 housi ng means 30., For
eage of manufacture and assenbly, operating sleeve 40 consists of. )
.13 assenbl i es 40a, 40b and 40c. Each subassenbly is a hollow tube or .
| i nder which abuts the adjacent subassenbly and is concentrically aligned
therewi th. The interior of opergtlng sl eeve 40 partially 10 defines the
princi pal flom/path (1 ongi t udinal ‘passagemay 32) -for formation fluids

t hrough_s t, Pi a par
t he e%u&ﬁ%&% én« gﬁé@&% n§°n?%§\5,!eg§§ As38 ?ogl%ef&gdf%“glh@%a%@xﬁ and e
operatmbgnsls&vensuﬁéssadbdyrecasafermstlosIfb@bdyfkn%pkhﬁnnghth|n housi ng
subas seal -or o-ring 42 is carried on the inside
dlaneﬁgﬁgl %gggﬁngkékbgggggbpz 30a,and_forns a_fluid tight barrier with
the exterior of OQPENénHOS%ESEEd‘lPohﬁl§hﬂ¢ﬂ’&1¥yd¥$m?ﬁ HAhieans 41
Vay i alblofis\i @lgu file a@n 80Q Fbul daebaaﬁelhaﬂﬁfacﬂﬁresamréss"érhmﬂﬁf' ned by
statiqpar ieal 32 and stog ans C%enln %%rou the, wal | of
subas$&) ﬁf%} Sﬁﬁﬁn aPRESES ?rBF ??B? ht r éﬂg%ber 43 and
condui40c27. Eananbubassembpynmaga339lhnd tubelupr Qvlrndgr whiizile to provide
means C Sig ans 41.
abe s %ﬁ‘i@'%ﬁﬁbg QBEEQE# ge%ﬁ? 6&‘8 di %ﬁﬁd‘e

Sl eeve subassenbl ﬁ uts S in end 45
of subhesemsth.q08he Fﬁtﬁﬁé°§aﬁ§ ﬁﬁﬁﬁ%?lgﬁb%%%%ﬁ%l§°4EEF%&EREYsubassenbly

fji(ac a'&ieih.ﬁlékdQhe4§r‘dmbhlpaleﬂdoﬁZgatEngizﬂglﬂﬂdhzﬁ% foséﬁt'ér]ﬁ wed InsEl ge 2g
I anet,er, Q r.ecel c rs a respecti erein. nds
and 4§§3I hgﬁémgﬁﬁg ygé g?sFﬂﬁoﬁﬁ ﬁg?5¥s %g V&o ayed to the remai nder
of sl eeve 40 Pb,stoantneagsméiht isfathalshdd todary foxms depaxdt er nal

shoul de £n45 e384 r48r! 0k 6BUREETRA! SILLY rs&béég&abfgawa 50. Housing 35

subassenbl i es surround resi |ent means 50 and the nmaj or portloh
of cyPiskOnsmeapsafd 49@ PB§E§E%P9eF}eeV€ spbasgrmbly 49ma%enbly 30b,

Wi ch slddableadesbyseaoagedini hbuﬁﬂhgsgenaéye:wpy ma)w deatsiynsd der 51 on

the 'nt§r|%21 Er o-ring 42 is carrled on the lnSLde diameter of -

housing subassembly 30a and forms a fluid tlght barrier
with the exterior of sleeve 40 spaéed longitudinally from
. piston means 41. Variable volume;control_fluid cﬁamber_
20 43 is partiaily defined by stationary seal 42 and piston .
means 41. Opening'36.through_the wall of subassembly 30a
communicates control fluid between control'chamber.43 and
conduit 27. Chamber 43, opening 36, and cdnduit 27 coop-
erate to provide means for communlcatlng control fluid
25 pressure with plston means 41l. .

Sleeve subassembly 40a abuts subassembly 40b at
shoulder 44 withln end 45 of subassembly 40b. In the same
manner subassembly 40b abuts subassembly 40c at shoulder

' 46 within end 47. Ends 45 and 47 have enlarged inside
30 diameters to receive cylinders 40a and 40b respectively
thereln. Ends 45 and 47 also have enlarged outside dia-
meters as compared to the remainder of sleeve 40.-'¢his__
enlargement of ends 45 and 47 prov1des external shoulders
- 48 and 49 for engagement with resilient means 50. Housing
35 | subassemblies 30b and 30c surround resilient means 50 and
 the major portion of cylinders 40b and 40c respectlvely.
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subassenbly .30b. Shoul der 52 is provided in a simlar manner on the
interior of housihg subassenbly 30c. Resil- 5 I ent nmeans 50 are di spgs
bet ween bot h shoul ders 48 and 51 and shoul ders 49 and 52 surround the
exterior of oper- ating sleeve 40. Resilient nmeans 50 oppose the forces
acting on operating sleeve 40 caused by control fluid pressure within

chanber 43. By installing additional *r0® -housing subassenblles such as 30c
and opgratlng sl eeve sub- assenblies such as ,40b, the nunhe resilient.

"
means B0 can HPWSHRESukAssemblsh S0 @whighy ispthzeadeddy. e@gﬁ@?dnmslm e
val ve seat or éMﬁs@Mym\ﬁ;ﬁ%\#ﬁe&t ishoiddely Sthoaadhebinteribe end of

operating sl eeyv enbly 4 i,te from.s bassenbL .40b. -

Enl ar ged vi ews® ‘%‘f %sfwa:ﬁ@:’e S o"g@eipg%sﬂ'&/\n?mxlgﬁéu?'&s 5s l%r Seat 60
i s general |y oydnmeierémdthenintesdaly of hovsing 62bhssenmhly B6di usResibat ch
the exterigr O{ex@@'d\eeﬂ}’s SOSLfoé‘Qﬁs.‘i:%ée%hWe%ﬁe%ﬁbbﬁth%gsq}&%gg‘ gghapd netal

to maintain 20 seall ng cont act e exterior When bal

70 is rotated 3b 3htShewlipys 421 and S sarreandofhet BEFRRLCEaR5a9RSRY 32,

bal | 70 and sesting Sledwes eB2 m&e_&@r& h@awse\senbpbbuedtﬁéomtbé@ugh
safety val ve ZQ%F#Q er_val ve seat alsg carrie gn-ann

whi ch” cont act s& cﬁﬂr1 %ﬁﬁﬁﬁqﬁ; Vic 065 357 <En yiﬁ9n¥59ﬁ ?fgfdhou5|ng
subassenbl y SQ@reabumﬂHWLthxnenhambeﬁrds.feBabhystaéaﬁnGSaddﬂtsunéhce 64

will be fpgne Fldggp I anel e buld_be
used in eléhe%é& %3 or sur e 6 \%% ;9% %' Eﬁ%gggggé Eliéév\és $u8
first port neaSS¥PkiRpFuttc %ﬁ) @&m@@% 9§IF852®lﬁPFhmﬁ%%ﬁs5?or
equal i zi ng fl utdh M@Wﬁdlﬂéﬁr&i@%@eﬁ!ﬂi&smm 1ﬁ9taﬂ!§ﬂlﬁﬁeratl ng sl eeve

10, e om0 12l 1 e Sk ek B3 1R s SRERHE, 67O
cont act, fornnisoattacheﬁ;hxnthnqaﬁa;&kﬂﬂo theaendenfepperatingl shgevedi nal
passagemay532 §ﬁ5&§seﬁﬂiy:abé|3§§5§1H33@Eoﬁpg%iassembly 40b. Enlarged
views of upper valve seat 60 are shown in Flgures 5 and 6.
Seat 60 is generally cylinderical with sealing surface 62
_ having a radius to match the exterior of ball 70. Surface
62 is preferably formed from a hard metal to maintain
20 sealing contact with the exterior of ball 70. When ball"
' 70 is rotated so that its bore 71 is normal to longitudinal

passageway 32, ball 70 and sealing surface 62 cooperate to
prevent fluid flow thrdugh safety valve 20.
' Upper valve seat 60 also carries an annular seal
25 63 which_centacts a matching seating surface 64 on the in-
| tetior of housing subassembly 304 adjacent thereto. Pre-
"ferably, seal 63 and surfECe'64 will be formed from hardened
metal. However, elastomerlc mater1al could be used in
either seal 63 or surface 64. Seal 63 and surface 64 plus
30 first port means 65'céoperate to provide safety valve 20
with means for equallzlng fluld pressure differences across
ball 70. . o
When operatlng sleeve 40 moves longltudlnally in
one dlrectlon, seals 63 and 64 disengage before ball 70
35 starts to rotate. When seals 63 and 64 are no longer in
contact, formation fluids-cah bypass ball 70 and enter



65.

Second port means 66 are provided in housing subassenbly 30e to ensure

a fluid communi cati on path through housing neans 30 to ports"'65.
ature allows any pressure dif- 5 ference across ball 70 and

face 62 to equalize before rotating bal

*

. This
seal i ng

70 to align bore 71 with

gi tudi nal passageway 32. -=Thus, increasing control fluid pressure in
chanber 43 above a preselected value will overcone the force of
neansLnyitiud islald pagsageayg 32| abmve45allmngb thfough uponial hgans t he one”
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-rotate ball

sl idably

nenber i t.S open posi.tion Ting.72 is
1h endnding iy ABe) oPE A 1R Ea: PREN RS, SELLE LR LETM0 on & no

si de paftipi stThe mlasléingppmswt pathofrohather edBerfbpubticious-i s forned on
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t he i,
ring

afety v ve I'F'S 0se

Shoul3c?er157(b€&§td showse Ly E‘ngurg dBfi ne the maxi mum | ength of travel of

operating sl ee‘c%n%‘?edt&ohlaq 88 10iiBe!l 5aRe¥y! Qhﬁlvéguéb NEh&RRNEn 30

Theref ore, force generated. by.excéssive control gressure I n chanber

U | I+ SmEREE /O30S g8es thei pamel }°931F|Bﬁéna!35m

vgmgp

s 30 via

spaceathe ioperatingd sleavieden ageandodheshaoéqaahum@ ;baééagmmer 70
Var|q$%(%gﬁgdggg %ai&amembeg to its open posztlon. Safety

20

25

valves_w1th this conventlonal design are subject to damage
from excessive control fluid pfessure forcing the;operating'
sleeve to attempt to rotate the ball member before differen-
tial pressure is équalizing there across. _Cont;ol'flﬁid
pressure in chamber 43 of the present invention can move
ball member 70 longitudinally”within housing subassembly
30e but does not rotate ball member 70 to its open position.
spacer ring 72 is slidably dispoSed around the

-exterior of operating sleeve subassembly 40a on the side of

30

35

piston means 41 opposite from chamber 43. Sshoulder 73 is
formed on the lnterlor of hou51ng means 30 and longltudlnal-
ly separated from spacer ring 72 when safety valve 20 is in
its first or closed position. Shoulder 73 and spacer ring
72 define the maximum length of travel of opérating sleeve
40 in the one direction within housing means 30. Therefore,
force generated by excessive control fluid pressure in
chamber 43 is transmittéd from'piston 41 directly'to hous~
ing means 30 via spaCef ring 72 and shoulder 73 and does

not act upon ball member 70. Various combinations of spa-

¥
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cer rings and shoulders are possi bl e dependi ng upon the desired | ength of
travel for operating sleeve 40. Also, the location of shoul der 73 and
pJSton 41 coul d be designed.to elininate the need for spacer ring 72. 5

Val ve cl osure nmeans 55 for safety valve 20 includes first seat neans 60,
bal | menmber 70 and a pair of pivot arns 74 connected therebetween. Bore 71
extends radially through ball menber Z0gand is sized to be conpatl- bl e
Wi th kgngltudlnal passageway 32. Flat surfaces 75 are 10 . nachined-
parallel to ea@arotimgscnndushnniders(kra @bsb&ble?depeﬁdmngnapbnophe|ngs 76

are drilled t I gl e as at ed
flat surface %é’s'ﬂ%]ecgore é]"tf? %a%&g\/o%;rm f@%ﬂ@ S&erg hb éfgb
proj ecting thetle ripsakirniokshanlider W3 @nd @B@ﬁpng4g60093d beodesigned
fornmed gg tge-gggep{mfﬁggbrgngnnéganfBQ[y‘ d@%trlhl 7§ron1the73ane fﬁrface
as pin 0X i.s Si receive annul ar _groove e
exterior of upper rmvabl‘gadjxﬂﬁ \Fg""ssé’fte Sﬁa%géhgg’rséaggéycﬁfﬂ-}’ﬁ 2ﬁe end of
val ve seat 60 inmluﬂnslfnmatxséﬂtlm;and\ﬂﬁ,SbﬂﬂlGﬁemperoVOZQnd arpair4 and
D eTRe TS RNl 1 fidhridhed ke Rl INoBLY 9L afEndd
connecting va ve

provi de neans ?or peratin
wher eby l-ong- FadiRhb Ghrcugihtbadil sleambexr 40 aadsds rsmgﬁt tei ha| cmpetlmnt_

of valve cl 0SusEe pEEY BSngltdlihd10ysigang@ans 330 %iat surfaces 7§@$¥8

cl osure neans 55 .al so_incl rotatlng sleeve 81 whi ¢

di sposed K hl‘FF‘FFb’tfé?qlgp%‘iF:&s‘%e 2 Opr GO bl Fidemnet Yeling
val ve seat 60.70 RotBwo rrgna;lbmmrﬂ;hgs 7% taa:lel dridjledndarowghhopppaite of
Lectangular o\ Slgeb%of al P Wiyl b WHe400adRos RRATRE bk CBLL¥A0RPOS! { €
sides of slee are S|ze to 'S e ongi udlna y within

slots 82. A pal? andrkpzs |7n7g- plﬁ?@lBIPJ-MQﬁ @am 74 bashe séw@toplsl édve 81
of fset from sl gisiddt ﬁﬂ&&ﬂ&@rddd‘%ﬁfeds|t%e‘f&t8311tﬁﬁn03beaﬂﬁgs*79t 84 is

LRI DS RN I RCR SEAp S LR
This con- ing from the same surface as pin 77. Box 78 is sized to
be receiVed in annular groove 79 on the exterior of upper
movable vaive_seat'GQ. 'Notches 80 are cut in the end of
valve seat 60 for use in assembling'valve seat 60,'pivot
20 arms 74 and ball member 70 as shown in Figure 10. Valve
' seat 60 and pivot arms 74-provide means for connecting
valve closure means 55 to operating sleeve 40 whereby long-
itudinal movement of sleeve 40 causes longltudlnal move-
_ ment of valve closure means 55 w1th1n housing means 30.
25 '~ Valve closure means 55 also includes rotating -
- sleeve 81 which is slidably'disposed within housing
subassembly 30e and surrounds ball member 70 and valve
seat 60. Rotating sleeve 81 is a hollow cylinder with a
pair of rectangular slots 82 eut 1ong1tud1na11y_through
30 diametrically opposite sides of sleeve 8l. Pivot arms
74 are sized to slide 1ong1tud:|.na11y within slots 82. A
palr of rotating pins 83 proaect into the bore of sleeve
81 offset from slots 82 and the centerline of sleeve 8l.
An oblique slot 84 is milled in each ball surface 75 off-
35 set from its associated openinq 76. Rotating pins 83 are
sized to fit within their respective slot 84. ' This con-
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figuration results in rotation of ball menber 70 around pi vot pins,??
ongi t udi nal nmovenent of rotating pins 83 with respect to’ pivet pins 77.
relative longitud- inal novenent can occur by. hol'ding pivot arms 74

5 relative to housing neans 30 and sliding rotating sleeve 81 or by
ing rotating sleeve 81 fixed relative to housing neans 30 and sliding
pivot arms 74. The anount of‘r%lhtive_longitudinal movenent is determ ned
by- the.l ength of slats 82 and pjyvot J4. A simlar _paiy of 10 offget
o s E4PErAEAPRTEER bER | TRoRRER IR et h st DA Hrdiid g 4o O
Rot at piigos| péus 31 bgslsengitullimaBSnovémentease mitatsisgrigins sl eeve 81 and
di sc : €.t raf e pieces: . Biasin ,gg@ Gl | ' 88 is

di spoggdg\%\??h?%sé%ﬁgi% Rgé’ge(sa@b%ss?nbl ;!/s e%e%&lgﬁ.&%ﬁgﬁd i nt er nal
shoul #8pr1epovemABLsFAY EBAESRYDIQLBRT PINRSK e ot fd*Adeeve 40 noves .
Ibgngl Eéﬂ{aﬁﬂré}’tbnhbﬁ@%ﬂ@ﬁné’éﬁf%@ Oéhdfﬂi‘@ixigg ﬁdiﬁttﬁ!fig:] téidze}[iv‘é bal | ][regblelr 70
y bo; e, engagepent _of sealing sur-_face 62 w the exterior of ba
monboPL78eahd ERCABGY rerRtpRReste Y et teiak s Bheni ngs 6. Both
of t hbeusikngamearsat30tand s$bhiding pirdt nemeer740 |Thegidmodintal - |y in the

one digecthop: byt ' ' on ofshall . ' 79.. However,
opera%?ngégﬁgg\ag h‘gg%ggéd%g‘jﬂfg?é‘g%ﬁ?@(%%t%%éﬂ#%?%( :sz:I%eeeve 81Y Bi asi ng
means18B9EPpPFeslebr c822and pivet camms g4 vi A diisiles maigh afends to hold
gheevesBietbpi hNfor NtEERELng NOWAET iy oy IS uhagsersl y 30d. | f

there_is n [ r e in fluidpressure.across the ex- terior of sealing
surfagﬁgeﬁgagdgﬁﬁeiggterior of ball nmenber 70, |ongitudinal novenent of

operating sl eevRod@ting38leevéc8 bneesks ani idirsanids. nFoxr lealsle wEnber 70

ot a PHEEBLEY STebPE 85 Ik 460C 08 ard U ARG BRSO nal ¢
novenBhgsiaguneans norefailed spving nthtipadiarasesd. i thinabheuwingausi ng
[ 8t at 5ABagkekBLYy 9DEDSELWEen dPsé 085U A ¥ &rrah WHulauigloudi nal
PaSSagE Ry 32ng! uBaSbllSTS S0 | " MG W] SIS Sl
longitudinally in the one direction, force is transmitted
to ball member 70 by both the engagemeﬂt of sealing sur-
face 62 with the exterior of ball member 70 and the
20 engagement of pivot arms 74_with opgningé.76. Both of
these engadgements tend to move ball member 70 longitudinal-

%}h
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ly in the one direction but do not cause rotation of ball
member 70. However, operating sleeve 40 does not_directly
_ contact rotating sleeve 81. Biasing means 88 applies force
25 ~ to sleeve 81 via disc 85 which tends to hold sleeve 81
abutting internal'shoulder 99 of housing subassembly 30d.
If there is no difference in'fluid,pressuré aérosé.the'ex-
terior of sealing surface 62 and'the exterior of ball .
member 70, longitudinal movement of operating'sleeve 40 in
30 the one direction will move.ball member 70 1on§itudinally
in the same direction. Since biasing means 88 tends to
hold rotating sleeve 81 fixed relative to housing means
30, this longitudinal movement results in :elative move- _
ment between pins 77 and 83.causing'rotation_of ball member
35 70 to align bore 71 with longitudinal passageway 32.
If a difference in_presSure_exists across sealing
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10- surface 62 and the exterior of ball menber 70, this pressure difference
tends to prevent rotation of ball nenber 70 by maintaining contact between
surface 62 and ball menber 70. If ball nmenber 70 cannot rotate, forces
generated by long- 5 i tudi nal novenent of ball nenber 70 in the one
direction are transmtted to rotating gsheeve 81 by pin 83. If this force
exceeds the force generated by biasing . nmeans or spring 88 to hold sl eeve 81

agai rgt, shoul defrf3%e ¥/22a%@ $heVektefRye benghivdhambey 76, (9P PBressure
direction within housing 10_  neans 3

0 conpressing spring 88.. Thus, spring
88 1imits the JHEGSHOMCE £EBASEPAPTAVERE FRERRICR QhrPbLL FRaihe® (hiA% bal |

menber 70 r ot aidntadindngy eohtagtabetgeetr fagfabe. 6 7hand fissl 1irmfenibent €10.S

el vl ves ok Spadiirepey T808hadt FERTLE DO RUL DOIRCD Y ST

88 al so |ism t Studdnadr sovemenlt ofnbadlapeinber 70 i nthg oredligdectimn

€

previousl y notge sadeaitted kBl kothbenkeBobbvalsl By sbifs PPerat gl eeve

40 in the one direction. _ By praperly sélecting the 1ength of spring 20
88, oper at i ng LGS, ExFGedS Ehg. ZOFGEpGRNEFALRd  BY "R1aTHIT e an

sp(r]I i gg_ 88 Zpl g8 tBhuold Bleswsi BUMagainstWbhetilgéer P2, a?péé\?l 810 WilIls 77 -
an SO IS I rec [t..0N te t ‘SPpring. const ant . bl,asli hg neans
fiee ite di o Her rEAn ARty Tn' BhooRhL 0d: ER0ELAN vl B4 RRIARAES D

to be desidgneeginsh 3i0hgompxessinghepringi 88 nevEhus pt speihefh Minitsthe

excessive di f faranfundli BEESENE Fa Bl eB5Br84ETH EhN B PEESEnERRLLED AL Pi NS
77 and 83. A lower mpvabl e val ve seat or second seat neans 90 is_positioned

wi thin | ongi t REMRET J9sERkakey zelabivei g 262lingcsuxfase f2of TS nenber
o R e by b v e et o
closure neans eV Syttiaes ndtlooBREE GHef Balf VElved RS YRGS Wikst

sl i dabl y 1 spdwed hiighhian ddifferebce3in pbeasung.neans 88 and housing

subassenbl i es 30e and 3@priFeABgealkol $1HOEEPENENES PG ARELA] SR e SEA 90

whi ch abut s ' . . . ; i
applied to pins 77 and 83. As previously noted, spacer 72

limits the length of travel of operating sleeve 40 in the
one direction. By.properly selecting the length of spring
20 88, opérating sleeve 40 will be stopped prior to "stacking"
or making spring 88 solid. Thus, the maximum force which
can be applied to pins 77 -and 83 is directly proportional
to the spring constant for biasing means 88 times its
displacement. The presént invention allows safety valve 20
25 to be designed such that ball member 70 is never rotated
open with an excessive diiferential pressure nor are exces-
sive forces applied to pins 77 and 83. _
- A lower movable_valve_seat or second seat means
- 90 is'positioned withih longitudinal passagéway 32 abutting
30 the exterior of ball member 70 opposite from upper valve
seat 60. The primary pu:poég for lower valve seat 90 is
to block sand or otherlﬁa:ticuiate matter from damaging
valve closure means 55. Valve seat 90 is a generally
cylindrical hollow tube siidably disposed within disc 85,
35 biasiﬁg means 88 and housing'subassemblies 30e and 30f.
Flange 91 is formed on thé end of valve seat 90 which abuts

S RIiSRFLNg
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bl | 70. Wping or sealing surface 92 on the interior of flange-91 has a
i um conpatible with the exterior of ball 70. Flange 91 al'so provides’
shpul der 93 on the exterior of valve seat 90. A light coiled spring 94
sdrrounds the 5 exterior between shoul der 93 and disc 85. Spring 94
main- tains wiping surface 92 in contact wth ball nenber 70 as it rotates
and noves |ongitudinally w thil housing neans 30. Seal ring 95 is carried
on the interior of housing subassenbly 30f and contacts the exterior of j
val vePatht 790, WIPingyQ¥ ripatine urface P X o thendngsriggpetate to preVent
sanﬂ-ma@gaeu ﬂﬁ$iﬁt&a§d?nﬂ5&dn€§aﬁi[mr§_ anmxmﬁéw iene&ﬁgwndgsaamg 88 \gﬁgi ch
m ght ,prevent. spr fromcpntracti as, Jde- ned. _Rort means in
housi ?.@ su%giﬁ%%ﬁgg%ﬁ%o aﬁ.rs%wéf 2 %%r%ﬂ é3 r?é’e%'!h%oﬁ’%ﬁf;lf’& mation fluid
f1 ow 6f ovalre¢ osedtal 9015 A Tighihidad Jmde spuriangd 94 euewouandisnthef ety val ve 20
- age bgipg, | g7 i h Epi;M.ze3 f,Re,appor- tunity
f%r.- s%ﬁ%ga?a%%nu artleglg?%un . sgpar_i_dr%gi 8%'% @%t :'Qﬁﬂ-'.l. u?gshgi? B, C and D,
saf et ja¥@$ VEIDING SWHEAGE | 32 i 4 qantactomwidhodad 1y e&n 70F8Bnation fl uid
20 itopotHEes Hnd arcvde EohGidudi nd1aGKed thin houeingr meanef ball 70
contagélngsseglln syt face 6%:3 -anqﬁggf,-eah_neaQ§ 63 _contacting seating
surfate 64°TFostHY t %ﬁnﬁﬂﬁ;l_ rﬁff i °§é§i|P€HFlﬁgans 50 have
nov edswipas s¢mply s3I ¢ vandicantadis ditecrextierdon of dadyeaseay 86ntrol fluid

: | Q%Ppgé 2 Ggner , d@ﬁé v e i o] in a
%godu{é%ﬁ%%g\e , acfjlis%% erenc%élyn' rpir,i%g?u??w I Ir\é%t?i ?I?Iz rgg\?-ﬁlte%ggdacross _
seal | 7 SHreRR2BYiGH e ddldr fupm agmlatdng: axgupaAnBPEiRgr rotati ng
bal | §@.wx]3fa&aﬁygwal Véhit afprdithg 88 fremd Yol raetdpll wengecont rol fluid
pressure

ihe vel | hamber .43 vi 27_and ing 36.
hen ThERTr cobore ingnd) 66 T PRl Aibantelyr 300 pIR08TRE 41 oxceeds

the foinztgetize ateed bfor emy | fmatdars HWidoFdo ifrgnsbedow BALY || nove

ool 1RSI el B S ench o RS S0 BLLBEE

spaceqaqualn.zed. The equallzing flow path minimizes the oppor-
tunity for sand to accumulate around spring 88.

'~ In Figures 2a, B,?C.and D, safety valve 20 is

shown in its first or closed position. Formation fluid

20 flow through passageway 32 is blocked by the exterior of
ball 70 contacting sealing surface 62 and annular seal
means 63 contacting seating surface 64 closing the equali-
zing flow path. Resilient means 50 have moved operating .
sleeve 40 in the other direction displacing control fluid -

25 from chamber 43. | ' _ '

| Generally, when safety valve 20 is closed in a

producing well, a diffe:ehce in pressure will quickly dev-
elop across sealing surface 62 which exceeds the safe op-
erating limits for rotating ball 70.. Séfety valve 20 can

30 be reopened by applying control'fluid"pressure from the
well surface to chamber 43 via conduit 27 and opening 36.
When the force of control fluid'preSSure adting on piston
means 41 exceeds the force generated by resilient means 50,
operating sleeve'40 will move 1ongitudinally in the one

35 direction as shown in Figure 3A. Longitudinal movement of
sleeve 40 in the one direction can continue until spacer '

k4
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- 12 - 72 contacts shoulder 73 as shown in Figure 3B. As previous- |y <§§Ez
expl ai ned upper ‘novabl e val ve seat 60 provides a neans for -
oconnecti ng-operating sleeve 40 to val ve cl osure neans 55 whereby the

| ongi tudi nal novenent of sleeve 40 causes 5 |ongitudinal novenent of valve

cl osure neans 55 within hous- ing neans 30. Thus, |ongitudinal novenent of

sl eeve 40 in the one direction opens -t A& equalizing pat h through port neans

65 an -66. AsqfreV|oust not ed, biasing nmeans 88 and rotating sleeve 81
cooperate to plerantacisshonlderid3-agaphovp A8 Figyras3iBhe A§ cREE¥IOUS-

di fference acrr;s%:qsama /S Wippeie mdTadiecodiva aée'aebecpﬁdvsaée & ahekns

"~ Bi asi ng neans S 8 nFFgenera es a &ogce gg ﬁ oges | ongi t udi nal
novenent of vé%Vé<ﬂ ERSEESIRY BraSYhe 8CY fi@ﬁ ?rﬂf%ﬁ%eve

40 can over corfib syherapy8dhe longigudingil- mﬂ:ﬁemehhdoﬁa‘slmené@ntcauseshe one

direction of rf&nﬁ}:ﬁﬂ%ﬁa&%&v&ﬁ.&\ﬁ%ﬁf %Q&béhe%gggegﬂeéﬁs 5@9"\4?1&155&5'1%&@-

3B. The exterior sealing surface renaln 1 n sea |q?
contact as shovif meansy 3l 3EhWS| I1°Pﬁétb‘ﬁ1'-f’éﬂ-eﬁ€‘ée¥‘ﬁnbr%§ skegve 4

t her eacr oss drﬁp&mselm le&el&)iblﬁiuﬁp‘éﬁfseth3| aQusmizz péﬂ&aﬁhﬂﬂl?ﬁ@oﬂ@

By maintainin ontng£ ssure I, N cﬂ et % ﬁ ove a prese ted
val ue, operatl%ﬁg:m slg@ﬁ&"t"ﬂ&fs (R 9 PRt RE2INRI JITRRR i its
maxi mum al | owsxh dtxngisiae&b ﬂdcbbpsraesatnsprexedtrebhatimnthhousing
25 means; 30. pAYyl &fg 48?? of elseRhe EE}eEEﬁ:?%U&Ef@%gQﬁch%Q%é% ect ed
val ue, b|a5|n means can nmove r ot eeve e of I rection

t oward shoul deﬁu@cw%ﬁan%| ¢ ﬁ’é’ﬁéGleEFﬁét saffsvaliuean %4-4%%}19' means
| ongi t udi nal | Yomidgtihe o8 Yehérates ag oekat wnecnoagpsaés bﬂsﬁ@f:fucmm 77 30

d 83. Thi | | b 71
3Pth Ionglt:J3|re atlveégPﬁ59%§2 §§§%§§|#§5§%EﬁgséFe 6 v%?%e . a I banein

Figure 4A. Thédexatsngpslesyet d0pican 6?eandme3sps:|.agvx&§'sallwimgi langi-saf e
val ue_by flso“ Nt Urrdd%%n{é‘?xtéh O%Qx'et BQE”PEFFE SBH“&faPQté%émgrQi@é\b&“ of

bal | 70. cl ose safety valve res
1 away from shoulder 99 as shown in Flgure 3B. The

exterior of ball 70 and sealing surface 62 remain in sealing
contact as shown in Figure 3C until the difference in pres-
. sure thereacross drops below the maximum safe value for
20 rotating ball 70. |
By malntalnlng control fluid pressure in chamber
43 above a preselected value, operating sleeve 40 moves
longitudinally in the one direction its maximum:allowed
length of travel and then remains fixed relative to housing
25 means 30. After the difference in pressure drops below |
.the preselected value, biasing means 88 can move rotating
sleeve 81 in the other direction toward shoulder 99. as
previously noted, pivot arms 74 can slide longitudinally
within slots 82 causing relative movement between pins 77
30 and 83. This relative movement causes rotation of ball
70 to align bore 71 with lqhgitgdinal passageway 32 and
fully open safety valve 20 as shown in Figure 4A. The
force applied to pins 77 and 83 is always limited to a safe
value by spring 88_duringfbethllongitudinal movement and
35 rotation of ball 70. . _
To close safety valve 20, control fluid pressure
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13 - in-conduit 27 is released at the well surface. Resilient neans, 50
Yove operating sleeve 40 in the other direction causing pistdén nmeans 41 fo
\splace control fluid fromchamber 43. Movenent of operating sleeve 40 in
e other 5 direction is transnitted to ball 70 by pivot arms 74. However,
vement of rotating sleeve 81 in the other direc- tion is prevented by
nternal shoul der 99. Thus, -pilgot- arns 74 can slide longitudinally in the o
ot her direction wi.thin slots 82. This | ongitudinal novenent in the 10.
ot herindigarstiidn’ Zz'hu%srerlfdaaed/atlm&]:bsuwﬁenepl nRe3¥laent83 to rotate
bal | | 4100 1R2§8@09 3 in Figure 2C.
Longlr{ ﬁa oV e et af@ldéees@'g 4t0 l& b h?r‘yﬁ Fréé?ggﬁbgﬂo causes
annulGRUSNg DERHeN GRaNs (ﬁintt&cth%IaFﬁgcé’BFFQéefénlél §5PRg the 15

equal érdniseF | LYY pa&é\rexﬂéhtswgerdtqw sudedal 400¥AMBAE SEheperating sl eeve
40 in_fhe one dlr t|o tqéf % ﬁ§87§a ve 20 ron1|t§ first position to
i?s ORI S HeB1VBEaRTY {feeve 81 in the
otheerw&upﬂ;uhcudméﬂt ofd iroatiowy BdeehefBlsahethevetherzalfeoﬁ1its second
posi t o] lepalgnmov erating sl eeve
40 in éﬁh& O%t#xse‘;émr%eﬁ%gﬁ tsrL tnsalis% g&iﬁvgl \%g ZO%HE P%vQ?hl rd position
back awms tH fganisldsls tiongitudinadiliyedn ﬁbetOMbansdsseebmpu be el ininated

25 JiamOnacdd e S| aaMgs q@@&%@%&ﬂ%‘remémuw thgal 63 and and
- mat chi sg@ﬁlqgéfurface 64 cqul.d then be rep | y desi gned

$U|t
LWop & G PR N P S M R R L MR
S|gnléndxsﬁIgornuhahetﬁuikxkﬁ suichmahaftabbuel 73 iaf abymsal ve 20. Fluid

T L e

B|a5|Q@)ﬁﬁﬁﬁﬂﬁiﬁﬁ\mnIth§|QﬂhQﬂwﬂm§@FtbemlaieofpanseSSaaBEbérated conponents

from eagesalais W@Nldlcdiuddt Riatauge stadhet §4Ce3BLIAg! LHEd differential

fressure 35 E{eacroif even thoudgh port means 65 have been el i n nated.
_ equa1121ng

In summary, longitudinal movement of operating

an,

sleeve 40 in the one direction shifts safety valve 20 from
its first position to its second position. Biasing means
88 slides rotating sleeve 81 in the other longitudinal
20 direction to shift safety valve 20 from its second position
to its third poéitionl Longitudinal movement of operating
sleeve 40 in the other direction Shifts"saféty valve 20 from
1ts third posxtlon back to its first 9051tlon.
If desired, port means 65 could be ellmlnated
25 from_operatlng sleeve subassembly 40c. Annular seal 63 and
and matching seating surface 64 could then-be'replaced
by suitably desighed stop shoulders. Eliminating the
équalizing meanS'in this manner would significantly reduce
the cost of manufacturing safety valve 20. Fluid pressure
30 differentials across ball 70 can be equalized by pumping
down tubing string 23 from the well surface if port means
65 are not used. Biasing means 88 will still protect ball
70 from its associated components from excessive control
£luid pressure and/or excessive fluid differential pressure
35 thereacross even though port means 65 have been eliminated.
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bal | . iype valve closure neans for controlling fluid flow therethrough
conprising: a. a housing neans with a |ongitudinal passage- 5 way

- 14 ,- CLAIMS 1. A surface controlled subsurface safety val ve haviwg:?;y
2!

t her et hrough; b. an operating sl eeve and attached piston neans slidably

di sposed within the |ongitudinal passagpway; c. the vaI ve llm

di sposed within the |ongitudinal passageway, 10 - H Hmjmﬁ“ﬂﬂ IIII
conanrcatlng control fluid" pressur g, ME t he pi ston neans; teafts for*
connecting the val ve cl osure neans PUgLTe operating sl eeve mhereby

| ongi tudi nal nmoverent of the operating sleeve causes. | ongitudinal nmovement
of the 15 -valve closhre Zesusface ontxed Yed subgurface, safetyasalgeneans

uhi ch gener at . g5 0 6, PPRESLAL AN AL JIRUITHRL: QoriddGaiabke cl osure

means in one diréction; 1 asi ng means cau5|ng ongi na
movenent 20 f£heid ﬁb?? the¥¢thQth»cﬁQﬂHﬂﬂ;hﬂS&ns in the other direction

to permit fluid flow tfereg m&u@ih@fr&é‘dnsa'iﬁt‘ﬂ i AlE*ud naUipdsBR gs.ur es

on opposite sides of the valve -closure means have been equalized.
safety val ve WaYJERERREOFONGREi m 1, further 25 conprising: a. an

equal i zi ng nmeans whi chbis medsp@lrwmg)r@ee@tanmlaﬂuammuntp;eftohhaeans
oper.ati ng sl eeye one di t.he Ion%FtudlnaI novenment

t h nd h.
of the operatf%bdégl §+%%%%e rec#k??f%b?fi%ﬁﬁﬁ%ﬁ?ﬁﬂﬁlfP RIS de closure
means fromits closed @osith@nvakwetqiaaprﬂ|maan§ ddsipoised anidhtihe thieasi ng

means noves al@ﬁ%it&ﬁlﬁ £ qgé% pUr e means l on- gitudinally in the
opposite directidn to s e’valVe closure neans -fromits equalizing
positior®o its-open 4. means for communicating control fluid pressure

with the piston means;

e. means for connectlng the valve closure means
to the operating sleeve whereby long;tudlnal movement of
the operating sleeve causes longitudinal movement of the

15 valve closure means within the housing means; -

£. biasing means which generates a force opposing
longltudlnal movement of the valve closure means in one
direction; and _

g. the biasing means causxng longltudlnal movement

20 ~ of a part of the valve closure means in the other direction
" to permit fluid £low therethrough after any difference in
fluid pressures on oppos;te sxdes of the valve closure
means have been equallzed
2. A safety valve as defined in clalm 1, further

25 ' comprising: _ _ :
a.' an equalizing means which is opeﬁed'by'longi-
* - tudinal movement of the operatlng sleeve in the one direc-
tlon, and

- ‘ b. the longitudiual movemeut'of the operating
30 sleeve in the one direction shifts the valve closure means
from its closed position to its equallzlng position and the
bzas;ng means moves a part of the valve closure means lon- -
gltudlnally in the opposzte dlrectlon to shift the valve
- closure means from its equallzlng posxtlon to its open '
35 position.
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pBETtTTﬁT‘”‘“"TEY‘—ﬁ?' A safety valve as defined in cIaintzp.mherein
equjﬂ'ﬂ"rﬂﬂ” her conprises: a. an annular seal nmeans fornmed®on
ext 'mm,l MF cl osure neans; 5 - b. a seating surface
‘ o tRe tnt®risor »of the housi ng neans and engageable by the annul ar

; neans c. first port neans extending through the opera- ting sleeve
and spaced |ongitudinally frokPthe annul ar seal neans: and 10
the annul ar seal npeans engagi ng the_seating, surface when the val ve cl osu
means ‘i s cl oséd’ afdSREREY- VALUPnAF RBLERRMIRICI RN ohe MRGTREDS| ceve |nsT'[te

one ghkce uhuga;ﬁgsgggﬁglgqrﬁﬂeraaamﬁfiségal nmeans fromthe seating surface.
to aIIow?derowthrothght e, port ne A safety

val ve as defi fled PR BPBRARE SGAL BE#ANS °¥Rﬁéﬂ?§|?ﬂfrﬁ¥ﬁﬁf¥QHtPMN conprises

a seodng¢hpowvalweanlosrrentieagsyadi al |y through the housing neans near the

%eat- I ng surgace éeaté?§a§§£¥a¥é'fé&ﬁEaCGﬁ'tﬁa'tﬁtééfﬂé“d% wherein 20

tthe val ve closure nmeans F1.ses nmenber with a bore
t her &hRr bayking. meanﬁaﬁﬂdoﬁnﬁﬂqeﬁbbﬁﬁ%Ywﬁ#%tﬁQﬂEﬁﬂﬂaQﬁﬂitmﬂansnenber on

opposi-te sideg, of ftkstbgaet fieand éﬂéé&df&gsi}%iﬁ% Spuxages the ball
menber, 25 of fset from i voi first seat. neans attached to

the GHBFafLREVE éE@esaﬁﬂe 0 ‘P%ﬁ%? ‘?ﬂel?éxftre‘?‘t‘ dheranmaz;seadenper ;. e.
t he means-aaﬁdengaged with both the first seat neans and the bal | menber

ereby the o era vat. arns and bal
l\rﬁgnber nove | hgl aﬁhﬁﬁ %‘n ‘Hé%#e %@féqﬁép@&% equn?t he rotating
sl eesur§aceat§h?ndi:bgogaa\rbecl\eelnre heeaws sis closed andi kdngilral | nenber; and
9. th8iRhashBdeRBABSoROUhE! BPetbEi APt S ddNe S1:£Mfe one direc-

tion dlsengaglng the annular seal means from the seatlng
surface to allow fluid flow through the port means.

"15 4. A safety valve as defined 1n claim 3, wherein
the equallzlng means further comprlses a second port means

extendlng radially through the hous;ng means near the seat-
ing surface. _
' 5. A safety valve as defined in claim l, wherein
20 - the valve closure means further comprlses-
a. a ball member w1th a bore’ therethrough-
b. a palr of pivot arms which engage_the ball
member on opposite szdes of its bore; |
c. a rotatlng sleeve whlch engages the ball member
25 offset from the pivot arms; '
d. a first seat means attached to the operating
sleeve and contactlng the exterior of the ball member-
e. the prOt arm engaged ‘with' both the first seat
means and the ball member whereby the operatlng sleeve, |
30 first seat means, pivot arms and ball member nove longltud-
inally within the housing means; : -
f. the rotatlng sleeve slldably disposed between
the hou51ng means and the ball member, and
) g. the b1a51ng means abuttlng the rotating sleeve
35 whereby longitudinal movement of the rotatlng sleeve in the
other direction will rotate the ball to align its bore with



35 mhereby longi tudi nal novenent of the rotating sleeve in the ether—
direcdtion wil.l rdtate the ball to align its bore mﬁth

passageway and allow fluid flow through the safety va wﬂ'mﬂ"'!, @mgm
val ve as defined in claimb5, wherein the pivot arns ea

whi ch engages the ball 5" menber neri#&l -to its bore, and the rotating
sl eeve -has a pair of rotating pins which engage the ball menber offset from
t he pQF\éot pi nsthey £low assageraye and @didiowedluadc Fapm shroughethet sefety ve
cl osufe neans Jagder conprises :a second seat 10 neans whi ch contacts
the ball nenber opposite fromthe first seat _neans. safety val ve as
defined in claimb5, whérei f SRF valyeeast éelbeStielPhﬁlﬁéﬂ“l Speverein
align its bore:hd tgivdte dunmycarss a@@er ipivoier pihl vhﬂenpehgagéﬁl the bAEL 15

pressures o, eaben JRANRC 2 11K PRak- AT 3pd, rolRkipdl hiopRE fra
cl osure neans pﬁﬁrzpﬁanQaqmngipmns Mhachlnggﬁgel&hélballhmemgerthéfset :

| ongi t udi nal Qﬁ%@?ﬂ. Qad position 20 equal i zing any fluid
pressure differenti n |te sides of the valve closure neans, and a.

third position allow ng«l d”r &afﬁeaw valyegRs: Aefinrdi indrhaimpas suberein
V\rrﬁansbf or conttrfjmia%m le%édz?e\/f&tef[‘a'r@ lf.'iﬁ'lfhtéﬂ's cbﬁF&mgeepﬁr fa%catﬁ%sg%ue

er eby. L ongi t udi na enent._ o in eeve s e
Valve tHour e TRANK WS CERtAGEa LhsPaldnmEIbRr cORBREREe pEEHT s HhE. Rt
for limting tseatnneansn di stance of |ongi- tudinal anenent of the

operating sleeve in tha 0ng, YledGs Vfa‘i% 33! QFE ?h”ﬂn”?i‘&%mo@p &ein

nmovenment of the val ve osure nea rom I on to’'its second

posi - 30 thheh; fcmeeqaﬁﬂd HonFofadsadbrapadhi mﬁmbgrop@nal\mn it hewee

cl osure nmeans yitH ReHd FIRE d&@«wayoas a@.@eb@?ybbi‘é?agtﬂsﬁﬂﬁ €8Uehdg the
val ve c gsure ans to smgﬂatb t&? % osSition ad § UIg pressur%$ on
opp05|t si deLFCY [penerate 1as1ng means an oes not vary wit

control fluid pressure._

9. A safety valve as defined in clalm 1, whereln.
the valve closure means has a first position blocklng fluid
flow through the longitudinal passageway, a second position

20 ° equalizing any fluid pressure differentiallon opposite sides
of the valve closure means, and a third position allowing
fluid flow through the longltudlnal passageway; means for con-
necting the valve closure means to the operating sleeve whereby
longltudlnal_movement of the operating sleeve shifts the

25 valve closure means from its first position to its second
position; means for limiting the maximum distance of longi-
tudinal movement of the'operating sleeve in the one direc-
tion; said.biasing means'dpposing movement of the valve

- closure means from its flrst 9051t10n to its second posi-
30 tion; ‘an equalizing passageway which is open when the valve

- -. closure means is in its second pOSlthh‘ and .the biasing
' means causing the valve closure means to shift to its third
position after fluid pressuree on opposite sides of the '

valve closure means have been equallzed ' _

35 10. A safety valve as defined in claim 9, wherein
longltudlnal movement of the operating sleeve in one dlrec--



%

| ve cl osur e nmeans—have—been equal i zed. 35 - 10. A safety val ve
as\def i erei n | ongitudinal noverment of the gperating i
eve ”nmwu""m‘,m] ,"rvh 17 - tion shifts the valve closure neans fromits =
Y r/st pdsitioR tw | «Second position and the biasing neans noves part of
val ve closure neans IonQ|tgd|naIIy in the other direc- tion to cause
shifting fromits second p05|t|on toits 5 third p05|t|on 11. A safety

-Vé'v i%%(iﬁf 4 eﬂg Saiva Or\rg(g%rabansh%rsauehgzrmgseaeée 2YGy conpri sgy:

an anndl means on-the ‘extenrior of the valve closure
meanst© Hgbs second posjtiony apdathegbigeingemearfelO¥RSt RRTER€rior of the

housivne {veagﬁe &ﬂt%r;ﬁw%?ﬁise 1'%3‘19*1'&%{1&&&!'1? meahegsanar anlrecil {SE:I polrlt
means, ext endi n r e oper in ee nd_spac ongi tudi nal l'y
fr omGHAR Lt Fanse %‘éﬁ% "‘p its se °nddp°51 fBR, ﬁﬂ g? seal means
Sengagimigrd ilmssaaidmg surface V\,hen the valve closure means is closed and

longi - tudi naly MOVeTRNof oG RS Abdten! ¢5VE7 hint 16, Apaflifc Lion

di sengagi ng t e annu means ron1t sea |ng sufface 1o allow fluid
f | ow &he eaye na;qgmgaaaaﬂewayaﬁ@m@elses- . a second port neans

extending ragal | url iraflart kRal0HeRAY %%&dnéﬁrthaeeﬁéé‘ﬂé‘ﬁ surface. 12.
A safety val ve as qefined in claimi10, wherein- the val ve closure means

furt ?Rﬁnﬁ3l§@s Sure, MeanSinenber with a bore therethrough; 25
10b. a pair of. pi \wtseamm;;v\/rsnmfaeeg&gemeaeohai:herri:ﬁben@ﬂ &pposite sides of

the pvonohad et d B SrS8RaETe Ry SRR ERak IHs Phat CREPRA g s0

sl eeve and cent acthimgtt Ipordx meainsr extenfiéngathroughetheecoperahe pivot arns

engageg,gM el eQ)‘e”&ﬁdh%pja'creﬁt 1&6&%&&%&&1?”@:&&%9@' LnHEﬂi’ffséMff eby the

r
1

oper ati ng sl eeve
means;

15 ._'dg the annular seal means engaging the seating
surface when the valve closure means is closed and longi-
tudinal movement of the"dperating'sieeVe in the one direc-
tion disengaging the annular seal means from'theISeating
surface to allow fluid_flow'through'the port'means;.and

20 e. a second port means extending radially through
the housing means near the seatlng surface.

' 12. - A safety valve as deflned 1n clalm 10, whereln
the valve closure means further comprlses-
a. a ball member with a bore therethrough~.

25 b. a pair of pivot arms which engage the ball

' member on opposite sides of its bore; '

c. a rotating sleeve whlch engages the ball member
offset from the pivot arms; _

d. a first seat means attached to the operating

30 sleeve and contacting the exterior of the ball member;

~e. the pivot arms-enQaged'With both the first:
seat means and the ball member whereby the'operating sleeve,
first seat means, pivot arms and ball member move longitud-
inally within the housing means; B '

35 " £, the rotating sleeve slidablyldiépdsed between
the housing means and the ball member; and |
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first, sb_at means, pivot arns and ball menber rm\Té‘Téﬁm-ﬂ i Wit T
t he housi ng neans; 35 - f. the rotati mm “;“‘\ y 26 ]
i Sposed between the housing neans and the bal l n'm *18 -

t he biasing neans abutting the rotati n% sl eeve whereb§ |'ongi t udi nal
novenent of the rotating sleeve in the Btfier direction will rotate the ball

to align its bore with the flow passagewa dallowfluid flow through the
5 safety valve, 13. 9a s &Pt §19§H}8 agaﬂéf gﬂ'éﬁg?'ﬂg\(lz\%}é? rﬁ‘lt%ﬁl“ﬁ),s Ft\ther
conprising newhereby lofigiitndinkt mesementdofttheerotatimgidlebvelimovenent
of the operati ‘sl e J: ng. e r Lpn. ' : y
val ve as defi r?g%_?’r?%géaldﬁgf%?iﬁ/ﬁergé?% ?ﬁ{égﬁlgn%%‘?n%a]r'r]éa%%%]b%ilé%siegazga
spacer ring dwigdssdheafdowdpassagpwant ang alieweflwid ofitpw ctiinaudly the
pi-ston nmeans; ey valseoul der formed on the interior of the housing 15
means and engageable by the spacer ring whereby, |ongjtudi nal novenent of
the operating sl eeve it¢-i A F8EeHY ¥ALEGeABnEchbReR N (HAIR Sk @F s,
spacer ring afdrithieer cempiistihgeneahs. férsniniyingl tife mdeirid idildtamse
herein descri Bed Wil &1 RaT"SSviReh o CERIPEDY L8 A W OS% in the
one direction. . _ _
10 1l4. A safety valve as defined in claim 13, wherein
the limiting means comprises:
a. a spacer ring disposed around the operating
sleeve and engageable by the piston means; and
b. a shoulder formed on the interior of the housing
15 - ‘means and engageable by the spacer ring whereby longitudinal
movement of the operating sleeve is limited by engagement
between the piston means, ‘spacer ring and interior shoulder.
15. A safety valve substantially as herein
described with reference to the accompanying drawings.




