';1 - 2218 133 SURFACE CONTROLLED SUBSURFACE SAFETY VALVE ThIS
invention relates to surface controlled subsurface safety val ves used in

~the BLl, and gas, |ndustry and particularly to;hydr
Wwth 5 small piston-areas and netal -toqynetal 92?;;&133)

“practice to conplete oil and gas produ0|ng wells with safety systens

i ncl uding .a subsurface safety valve controlled fromthe wel |-

shut,of f ‘fluid flowin the well tubing string. Generally such a 10"

surface t

erated val ves
i S conmon

.

“val-ve

i s\eontrolled in reguUREACE CONTROLIDERE SSUBSURFACE 3 xeEtY vAeveal ve from a-

remote |ocation at the well surface via a small _dianeter conduit (control

line) permitting tthe well to be selectively shut in as well

require. The surface controller is typically equipped to respond to 15

condi ti ons

energency conditions Shés dsventdonbrellares| to buréaceoicondpidllled et c.
. ‘Frequently it is necessary to conduct well servicing operations t hrough a
subsurface subsuyfegeysafeny walvescnsed Ap sper edilopndagasedimdustam endi ng
20 Exanpl es
of “such ser?P@eBaﬁFécﬁié§§Hr °aHHdFéHﬂéF§@6Ye°PE§Ftﬁ& vaiyes: wditk  wel

se( Vi Cci pg proc s,are required to.,r trleve ma downhol e equi pnent .
#£8"p A

a wWwreline toagl string_through the subsurface safety valve.

These proced® §ﬁPP prepe: PR MegBEAtAG™E
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Nos. 3, 360, 066, 3, g2 15545 o0, Br8a7ite; to UanbTer8"Hd &

n&YEFeFﬁe safety
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~present i nVEALERB1hS §QQT§ Wi'th Qa&E@9p§§stems including a subsurface

&yj' . safety valve controlled from the well surface to

- fluid flow in the well tubing string.- Generally

shut off

such a

ent
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valve is controlled. in response to fluid breSSure conducted

to the valve from a remote location at the well surface via

' a small diameter conduit (control line) permitting the well
to be selectively.shut in as well conditions require. The
surface controller is typically equipped to respond to

'emergency conditions such as fire, broken flow lines, oil

spills, etc. Frequently it is necessary tolconduct well
seruicihg operatlons_through a suhsurface safety valve._
The well serv1c1ng operatlon may require extending a.

wireline tool strlng through the subsurface safety valve.

Examples of such services are pressure and temperature

_testing. Additional well servicing procedures are required

to retrieve damaged_downhole equipment. - These orocedures.
result in periodic_opening'and closlng-of the safety valve.
Suhsurface'safetf_Valves.are_shown in'the'following Us
Patent Nos. 3,860,066;_3,882,935; 4,344,602; 4,356,867; and.

4,449,587. The present inventioh is showh with a flapper



2 type valve closure in the subsurface safety valve. US Patent 3, 860, 066
teaches that a |ongitudinally novabl e operator tube may control the opening

apd cl osi'ng ‘of ball, poppet, or flapper type valve closure nmeans within a_5~'

subsurface safety .val ve.. For some wel | npl etions, it is desirable to.
install -the safety val ve at deep depths. For these conpletions a snall

fromthe c

piston area s gueURY L. Ahd RpRlLARcd lsdbelipSialys, flusd pressure

“l'eading to the well surface. Pistons having

a i
sral | Cros%g ?éﬁ'ﬁi Q" gigh %@_g{fa%@ﬁst THAE £ NG IRAIHL Y idvalsDaD! ete g

val ve asse “havé beén us I n surface controlled subsurface safety

val ves (S atBr2 Bes iy TeHtrdls thes opehintpWhd reldding ofSSORATENT

TI TLE 2, 780, 290 -~ Surface Controlled Subsurface Tubing Pressure
Shut - O f. 'Vabppe#, 9% Fibhpper type vAlampuilddumemiennd ovithiinsas, 049, 052
Subsurface Annulus Safety-Valve 20, ... 4,161,219 . Pi ston Actuated
Vel | Sgf et gullsuxr€atel a2y valve.  Deep Set Piston Actuated Well Safety
Val ve US Patent 4,378,931 teaches a surface-control|ed subsurface safety
val ve which is. oper atfiet ispme 31l conpdeid@nshg iy dadesizak® B piston

mount ed on the exterior of the safety valve housing. Since a tubing -
_retrievabl dnsxpddy the vafafihsalye dkidepn daRE 1 r FRT h‘gh?%?l ‘bore for

. routirne mai ntenance, . - - .' : e '
- completions a small piston area is one way to minimize the

. effect of hydrostatic fluid pressure from the contfolilin§

10 'léading-to the weil_suifadér'-Pistons havingfélsmall cross - N/

section in comparison to the cross section of the-cbmpleté'
' vaive assembly have'ﬁeen'used-in surface c@ntrbl;ed‘ '”
: subsurfacelsafefy valves (SCSSV)... |
Exaﬁpleé-of éuch”pistons'afe shown in: ~ Y T
s .US'pAfENT_-'; o o “iiiigf;hthut. | | |
2,780,290 - -  Surface Controlled Subsurface Tubing
| ' Pressure Shut-Off Valve -

2,798,561   i :"'Bloﬁduf'PféVentér for Wells

_ :4'Q49,052.‘ fm;if'i~§;bsutfééelhhnﬁlus Saféty ValVe“
20 ”4,161,215.'u:'ﬁh.'1 §i§£bn‘Kb£ﬁafed'We1l safety Valve
4;444,266" " Deep Set Pistoﬁ.Actuated Well Safety
- “"Vélvéw o .

.'US,Pafentﬁ4,3?§:93iﬁféééhés;awéurf§ce controlled
subéurfaCe safety'valvé théhliéfépéié%ed'byJE:-f'
25. reciprocating hydraulic motdf'éf;ﬁiétah'moﬁntéd'On the
_egteribr of the éafety va;veﬁﬁouéiﬂgf"Ji |
Sincela-tubing retrievable séfety Valve canﬂqt bé

easily removed from the well bore for routine maintenancé,

-’



3 any failure of a fluid seal or accunulation of debris within the safety
val ve can be very expensive to correct. Al sealing systens are subject to
Jfailure dependi ng upon thé operating environnent and design of the seals.
For 5 - 'sone environnents netal -to-netal seals produce |onger life as

- conpared to el astoneric materials.” Elastoneric, polyneric, and -

metal -to-nmetal seal systens have been us@d in'SCSSV‘s Exanples of
metal,-to-nmetal sSeal systens are shown_in:

TllTLS 4, 452 ofailure of a\glwuidiseabtar ﬂF@HWEéﬁFH’@s?Er eesgéﬁ 4, 467 870
- Fl ui Press re Actuato Sub el tu 475,598
Bal | Valve‘%tﬁﬁﬂf #kﬁh@% %BYS%? géésggage VeryAgggéﬁﬁ&HFagPlEoﬁfFﬁgrlng
Means for f Saf et I 4.5 6 | f
a Wl SafggﬁfgéTve%§5a9§g¥é$?'gge su%%?%gtgﬂtfﬁ?éﬁﬁ?lgggghdggbecpega o
towards soly e;?é éﬁ%?féﬁ éﬁt%g 365ygH! 8Fi PReOLbeaddd OFoQt her

y va at ent 2

debris in a saf 3, 606 teaches an operator tube and

a valye cl aune dmalSonhésbs CREHE- 6¥ChedaDPEBa8dpebasced Wohfed Wikel i ne
tool.” The present 25 . invention incorporates features shown in US

Patent s 4'E§3&Eﬁbé&&h4t83élé§60méhﬁcpmsveﬁﬂais Ilsledtoméembs are
I ncor por ated by

polymerle, and metal to-metal seal systems have been used

in SCSSV's. Examples of metalfto-metal seal systems are

. shown in:
10 ~us PATENT = g;zgg
| _4,452,316 Metal;to—Metal.High/Low Pressure
| _Seal o _. | |
4,467,870 '_ " Fluid Pressure Actuator for
| | Spbterranean Well Apparatus
;_ ;5 - 4,475,598 _ :Bail Valve Aetuating.Mechanism
| 4,527,630 o 'Hydraulic.Actuating Means for
- ' Subsurface Safety,Valve'
4,583,596 | :-'.Dual Metal Seal fer a Well'Safety
'.&4’ | N : Valve-' | | |
20 _ _hn r uUs Patent 4, 834 183 is dlrected towards solv1ng
.problems assoc1ated with accumulatlon of sand or. other
debris in a safety valve. US Patent 4, 723 606 teaches an
operator tuhe and a.valve clOsure means which can be cycled
open and clqsed with a wireline tool. The present
25 invention incorperates features_shown in US Patents

4, 723,606 and 4,834,183.
The prev1ously llsted patents are 1ncorporated by

reference for all purposes in this applleatlon.



ref erence

relates primarily to tubing retrievable safety valves having a housing

connect ab
comuni cat

for all purposes in this application. 4 The present invention

e with a well tubing string and -a bore therethrough for
ing well fluid flowwith-the tubing string. 5

.housi ng neans having a longitudi nal bore extending therethrough, valve .
‘cl osure neans nDunte&henprﬁéenGusmmgﬂﬁaﬂﬂsqﬁiﬁﬁﬁﬁrRﬂiwqiﬂtnyQw¢¥¢&%@gh\ /o

- the longit

"position WREERiGVEBIE FREREYF VEAVES: 6’@@&%@ N FRRD

udi nal bore, the valve closure neans 10 havi g ébglrs

- position V\/mch} Igﬁ fipg{lé'gg'\}%@)‘éyn&h hreo%ér%%rquooo gi}at‘;_)&,:tube in the

housi ng nme&n¥®

“its first
response t

bearT ng assenbly carrie

neans om |

Ih
accordance with the invention there is @grovided a safety val ve, conpri sing

U
d"LtRecond

S-'second p03|t|on to .

883lhh 98 tRhS! §R1TERI P e TR WAL H N PPRIALAY dEring, LUbE I N
COﬂ pressure Oﬁ]t sur ace t he plStOﬂ neans
di spgsed wi thin the Eaugbearﬁ%%@s Qilftspttﬁé ARSI ROtk ngs bore, a

on the exterior of the operator tube with a

plurality giobahbabaaktatydvalees ddagivRahgholpiig 2ileans Hewinggar ace
and.a | ower. bearing race and its outer diameter conpatible with the :
interior Oiohbﬁtbdli&aﬂgbmme:meﬂadﬁ]ngﬂeﬁﬂerehtmm@d, aralvel ¢hesexeeri or of
or tube, and the piston means .engaging.the bearing assenbly to

t he operat
transmt f

neasst mouh¢edpdnattive thelvesings means to Contr¢h %h%hdaﬁlow

arrangenent, the operator- tube may"

io

through the long1tud1nal bore,.the valve closure means

B

_ having a flrst p051tlon which allows flu1d flow through the_-

longltudlnal bore and a second pos1tlon whlch blocks fluld 1'

| flow therethrough an operator tube in the housing means to

- 15

Shlft the Valve closure ‘means from its. second pos1tion to

1ts flrst p051tlon plston means for mov1ng the operator

T v s

tube 1n response to control fluid pressure from the well

surface, the plston means dlsposed w1th1n the hou51ng means

offset from the longltudlnal-bore,_a bearing assembly

carrled on the exterlor of the operator tube with a

_plurallty of ball bearlngs dlsposed between an upper

20

_.bearlng race and a lower bearlng race and 1ts outer .

'dlameter compatlble w1th the 1nterlor of the housing means

and slldably dlsposed around the exterior of the operator

tube, and the plston means engaglng the bearlng assembly to

“transmit force to the operator tube.

25

In such an arrangement the operator tube may
normally move in response to control fIUld pressure acting

on a small diameter plston. A sprlng can be prov1ded to

- bias the operator tube to move in opp051tlon to the piston.

)
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normal Iy nove in response to control fluid pressure acting on a snall

di aneter piston. A spring can be provided to bias the operator tube to
Jiove in opposition to the piston. . 5 The present invention can allow for
.the use of netal-to-netal seals as-desired to accommpdate downhol e well
-conditioons. Also, sthe present inventior® may provide nmeans to mininize the
- possibility of ~debris accumul ation 5 ~and al l ow for novenent of the - ’
_opergtor tube by a wilhel ipresesd) inventign@an Rid@m fuckhe IR @8t result
i s \a/subsurface safety valve with |ncreased downhol erV| e life even

t hough t heMR&PHL -fRTMETay. gﬁaﬂﬁ A% AaHEEHFHEF 9T LAt seal i ng
system t ff.
Y or g éllg%rétn 1'1:1],%?{]5'1163 :1\(180 I%‘i‘mreta l}:{)r!ersenqtal \}gnt'o n %{f ﬁ%ﬂiéal S.

the outsid opeér dt or e Sa nS|de'

~diameter Ohﬁtr;b.g %Uﬁ{lmm%nscn%d{?%%% tﬂg{ft& detissi & {SERRESE i dhn

di-aneters ows the operator tube to s longitudinally within the

housng 15ang aTBARS for! MOvENEY FE &H CHABISY SUBS LS AR PETLHEr Space
whi-ch has a tendency to accumul ate sand or other debris carried by well

fluids. | kosuch fdaposhculd eeddmevestuck .acanalmite tesile fanal ar space,
-they, may prevent satisfactory functioning of the safety valve. It 20 '
i st her ef osebsesifianel aafiesiyt ivallvar lwi GH itriver eosfent ylorgrihale ssexvieeled for

use at greater depths in oil and gas wells, to nmninmize the possibility for.
sand or ot Adfedevens thoughdhe p@ﬁerflfujiﬂﬁlﬁirﬁwgig)fthﬁéa@a‘f@#@mwe Thus

a safety -
_ be - harmful to the seallng system or may contaln sand

LJQO 'paraffln, calcium, cr.other materlals.;

If the outside diameter of the operator tube is
made smaller than-the inside_diameter of the-housing means
adjacent thereto, this'difference_in'aiameterS'allcws the
operator tube to siide longitudinally within the housing

15 means:_ The dlfference .in dlameters creates an annular
space which has a tendency to accumulate sand or other

: debris carried by well.flulds. If such depos1ts are -

allowed to accumulate -in the annular space, they may
prevent-satisfactcry functionind of.the safety vaive. It

20 is therefore desirable, particularly if the safety valve is
intended for ‘use at greater depths in oil and gas wells to
minimize the pos51b111ty for sand or other debris to hinder-
proper functlonlng cf the safety valve. Thus a safety :
valve according to the inuention.may include flow channels.’

‘25 ' between.the operator tube and valve housing to flush sand
or other debris whichfmight'hinder novement cf the operator
tube, |

Preferably, the_invention provides a subsurface



val ve acc
t he opera
m ght -hin
- provi des
I.nmpr-oved
. paths.” |
. bl ocks wé
val ve is
safety va
di aneter
.oper at or
of the op
general ly
t ube_ and
wireline

- will be a

detail ed
several p
drawi ngs:

10

ording to the invention may include flow channels 25 bet ween
tor tube and val ve housing to flush sand or other debri's which

der nmovenent of the operator tube. Preferably, the invention

a subsurface 6 safety val ve having an operator tube and ,
pi ston means whi ch minimzes tge nunber of potential fluid | eakage
t can be arranged that there is one netal-to- netal seal which

Idaféty daivenhavingi 8 bperdtor tabet aold limpeosésn giwtanf ety \ 3

inits closed position. In one formof the invention a subsurfac

Imeans wnbohdetinhnizeg &heopembeor ofupetenttial filwgld leakdde

pi ston neans offset fromthe |ongitudinal 10- axis of the

teasehs . A btaeangbasacrpbhgednibatf thergl dscome meFadettien portions

erator tube are Rrovided-to m nim ze eccentric |l.oading. Mre S

metal ssealsvRieht Blacksi yelinElpidentron £8STINHENS operat or -

val ve c] osyure ‘15 means _whi ch.can .be . opened and cl osed with a

s df¥?%n§$e?egpﬁr§§§5£§ Xﬂ%gﬁté&e&?bﬁqfhéﬁﬁ¥%§tnt i nvention

Eﬁ?gf.i Lo those skilled in the art fromstudying the following -
scrld?lbn I n conjunction wth the acconpanying draw ngs in whi gy

referred 201n on8TR8EMBERt $haf 1hbBnitA¥ANE @g@&ﬁwwbaféﬁyt he-

‘Figure 1 is a schematic view in section an
valve is provided having .an.operator-tube:with-a single,

small'diameterupistqn;means-offset;frbm the lbngitudinal,

!

-axis:onthe~operator tube._'A bearing'assembly'and a S -\~

Vfiéxible'coupiing betweeﬁ portions of the operator tube are -

provided. to minimize'ecéentric.loéding;_

15

- studying the following detailed description in conjunction

20

-embodihénts of the invention are shown. In the drawings:

More generally, it is possible to ﬁfilize the’
invention tb,providéian operatof tube'and'valve cloéuref-
means which dap be opened and closedfwith a Wireliné tool.

| ' lAdditiohél'featﬁres”and advénfagéé of the present

inventicn wil1_bé apparent to those skilled in the art from
with the accompanying drawings in which several preferred
Figure 1 is a ‘schematic view in section and

elevation of a typical_well completion including a tubing

retrievable subsurface safety valve with a flapper type

valve closure means.

25

Figures 2A and 2B taken together form a

longitudinal view in section with portions broken away of a

. subsurface safety valve and operator tube incorporating-the

pre§eht inventibh showing the safety valve in its open



Kl

el evation of a typical well conpletion including a tubing retrievable
subsurface safety valve with a flapper type valve closure neans. 25 .
+igures 2A and 2B taken together forma |ongitudinal viewin sectionwth-’
portjons broken away of a subsurface safety valve and operator ‘tube

i ncorporating the present invention shogang the safety valve in its open
6a position. Figure 3 is a drawing in |longitudinal section with portions
broken awaposfitibe.subsurface safety valve 5 shown in Figures 2A and in.
i t s\e€l osed position. Figure 4 is a drawing in section taken along line 4-4
of Figure 3. Figure Figargn Jedisasgdraniang iim dengigndinat ®RREYHPR broken
~away showi ng inproved piston neans offset 1 fromthe_ operator tube.

0 _
7 Fi gure 6%i§haROZkioHGe Prakefogashiaf fihe SHIsTface AP ofRIY® of the
i st . the beari mbly,. and f1 exi bl ling. Figure 7 i
it anged: P BRI LPn ELGuRRoh 2 AR 15 kA CORSR FEBSAR show ng a 111 ot
adapter to attach a equiral Jine Condiling A4 MU {Ach S &ly Valye of

4-4 of Figu:é 3.

(Y : : o
Figure 5 is an enlarged view in section with.
portiohs broken away'showing.iﬁproved piston means offset
10 -_- from the operator tube.



Figure 2A. Figure 8 is an enlarged drawing in section with portions broken
away showi ng a second adaptor to attach a 10 control line conduit to the
~ subsurface: safety val ve of Figure 2A. Figure 9 is-an enlarged drawing in
section with portions broken away show ng an enl arged view of the flexible
- coupling and beari ng assermbly with an al ternative 15 smal:l spring: Figure
10 is a drawing-in section with portions broken away show ng an alternatlve
pi gton means as conparFgdguire 6 ¥ [ exdpldded i Ap r@%%r&jé&&oﬁ' ke v
parts are 20 -.designed throughout the speC|f|cat|on and drawings wth t he/

sanme ref er esgethenebiipbnentze off atid @i sAioh MdanisC edsdibdaring scal e.
Portions of some parts have been exaggerated to better illustrate detalls
of the presasSembngntaud fBetdihlengaupllingur e 1, wel |l conpletion 20 25 -
includes casing string 28 extending fromthe well surface to a hydrocarbon
produci ng formation (Fdgusgodniis anuisnigarged draing icvrssction arivh '
di sposed within casing 28 and- extends from wel | head 23 through production
packer $2 wppgkionsgbreken @e&%ahqvq;mmg Fimsty aOPRERF cteiattash apacker
22 directs forpation f|UIdS sych as@ﬁﬁﬁ as, mater ‘and the like_ into

tubing stri fERSTOL, ding. copand; qq?— ergrzea Hadnit
formation ogimell Ekulds |nto the

Figure 8 is an enlarged draWing in section with
portions broken awasthOWLng a second adaptor to attach a
10 control line conduit_to the subsurface safety valve of
' Figure 2A. |
| Figure 9 is an enlarged drawzng in section with
-portions broken away showing an enlarged view of the _ “-
'flexible coupling and bearing assembly with an alternative _

e s e

15  small spring.

~F o eane

Figure 10 is a draWing in section w1th portions
broken away show1ng an alternative piston ;eans as compared.
to Figure 5._ o
In the following description, like ‘parts are .f' S;i .
- 20 designed throughout the specification and draWings with the
| same reference numerals. The draWings are not necessarily

e

to'scale. Portions of some parts have been exaggerated to
better illustrate details of the present invention.. i

- Referring to Figure 1 well completion 20
25 -includes caSing string 28 extending from the well surface
to a hydrocarbon producing formation_(not shown). .Tubing_
string 21 is concentrically'disposediwithin casing 28'and

extends from wellhead 23.through'production packer 22 which



5 well bore. Well fluids frequently carry sand or other debris which may

accunul ate at locations in tubing string.-* - 21 having low fluid
-velocity. Flow control valves 24a and 24b at the well surface control
sfluidflow fromtubing string 21. Wellhead cap 27 is provided on wel | head

23 to 10 permt servicing well 20 via gubing string 21 by wireline .

t echni ques which .include the installation and renoval of various downhol e

tqgols (not sbY8)pdtiBbA tubing string 21 afhhessiRl! 2861 Vibaiche 0REr ations
wHiseh may be carried out through tubing string 21 afe bottom hol e

- tenper at ur edafécts fopmatsohefIUigeysuchUasasel oghs)! wateryband ke safety:
val ve 30 enbodying the features of the invention is installed in well

conpl eti.on Pikasiatpatubihgt shrings2li fgodtlpeépfopatiohsf ( not. Ehowni)o ihhe
-well surface via tubing string 21 20 from a downhol e | ocation. Safety
“val ve 30 i scapbngt28 whicbnadoitf fordatdaduorevellofiltydsadhito whei fol d 25
at the well surface via control |ine conduit 26 which directs the control
fluid shgnaweld hareiy Weliefluidsyfreguentiuncasry sangensr atheri ncl udes
punps, a fluid reservoir, 25 accunulators, and control valves for the
purpose of ¢#BTiAi phicbnPry arrurylptresatr Losathans {8, tubingn§tFirge 30

open o 21 Lot Aa el ad0ek 0§l S3Fo8Ien oBlLSTohBLl oL d, 32 sbag g udes
eaks, and gifes RRLIGETY SQPFLLLOBSYPGE" £ BIGNEYEL' £28noRAMAGPE ShUt
' - string 21. ;Wéllhead cap 27 is provided on:wellhead 23 té
&Jh 10 'éermit sérvicing well 20:via'thin§ stfing'ZI by wireline
techniquesIWhich'inélude the installation and removal of
various dbﬁnhole tools (not shown) within tﬁbing string 21.
Other well servicing bperations-whiéh may be qarriéd Quf .
,through_tubing-striﬁg-2l are bottom hole temperature and:
15 pressurézsurveys.- | | | H
Surface controlled subsurface safety valve 30
embédying the features of the iﬁvéntion'is installed in
well éompletidn zb_as a part of fﬁbing string 21 to
N | ”coﬁtrql_fluid flow to-fhe well édrface via tubing striﬁg 21
| 26 from a downhole location. -Safety valve 30 is operafed by
control fluid.éoﬁducted from hydraulic'manifo;d 25 at the
well surface via control line.conduit'Zﬁ which directs the .
control fluid signal to safety va;ve 30. Hydraulic
manifold 25 generallj-includes pumps, a fluid reservoir,
325. 'accumulétoré,-énd control valves for the purpose of
. providing control fluid'preséUre signalé for holding-valve.
30 open or allowing valve 30 té close when desired; |

Manifold 25 also includes apparatus which functions -in



Safety val ve 30 includes flapper type valve closure nmeans 31 nounted on

hi nge- 34 for sw nging between 5 Its cl osed position schematically _
represented in Figure 1 and its open position in Figure 2B which pernits
flouid f1ow through tubing string 21. Wen a predeternined pressure signal
"is applied to -safety valve 30 through comgrol line 26 frommanifold 25,
val ve closure nmeans or flapper 31 is 10 " namintained in-its first or open_ -
pogition. Yesponse amtterperasme e sirfade i kine! bosles, andvetBeris b !
allowed to nove to its second or closed position. Details for const ruct i oh’/
of - the prektaergenay maiditdons 3Ihder wWhiahn welXi2Qrsivoekd dpel Sut in.

- Subsurface safety 15 -valve -30 has housi ng neans .60 fornmed by housing

subassenblies 61, 62, &afesy walve &@ ingludes fiappennfiee cviebyet hr eaded .
joints 65. Subassenblies 61,62, and 63 coul d be interconnected by wel ded
joi nts or bflesusfmeansslmquptadoniingei4ReT SWHiging hetveen i s 20

after 5o adtanEiaBed HasY Lo ASHARA TN SRRt s LORER §
t t hav: t tQ fail durj | _
Thr baded | oFfiBs 153, SRSt A T v e AP Rubeth it £8 1808 “ron o
bl : ol d & -1.0Qc 2 1 | .. t ent
| 57652 o1o otDePyll bR 200 Rl A SbadBi AR preckiad 1T
threaded j oign@l 1B"apiAAed Xd sty VIR IIBSEHIRIGIH CbrerdE Bine 10

26fft§m manifold 25, vélve closure means or—flappér 31 is

10 .'maintéined in its first or'épen:position; When the controiﬁ_ &J
préssﬁré.signal,is réleased, Va1§Et30fis:ailo¢edwtb move td
its second or élosedéposition}:~—q I S
.. ;betaiIS;for,cbnstiﬂc@ion’of;thé-préﬁe;ied-form of .
valve 39~are-§hownniniFigu;eé~2A and 2B. Subsurface safefy-

.15' valve.307has-housihg.meaﬁsnﬁoﬁfOrmed-bf_housing
sﬁﬁaséembliés_ﬁl,ﬁz, and 63 which are suitably |
infercbhnééted by tﬁreadeq jointé 65. Subassemblies 61,62,\_.
and 63 could bé_intercohneéted-byfwelded-joints or by a |

' cOmbinéfion'bf threadsiand eléstomeric seals. - Welding is = \o/

20."sometiﬁes'unsatisfactoryfdue;to requirements for heat -

h;treating.befcre;and_aftef.: Elastomeric séals in some
envifonménts_(high_pfessure, high temperature gas) have'a )

| ‘tendency” to fail~du£ing pressure transients. Threaded
joinfs.Gs;are;prefenred;becaﬁse'they’have ﬁéchanical |

'_25' strengthtgqmpa:able to a welded connection and a metal-to-

~metal seal,f US Patent 2,992,019 disclqsésithreéds and a
‘metal-to-metal seai-system simil#r to threaded joint 65.

Threaded joint 65 is sometimes referred to as a

IS



two step thread because the dianmeter of threaded portion 65a is
substantially larger than threaded portion 65b. Dependi ng upon the type of
Jsmaterials used to manufacture housi ng' means 60, di aneter 65b and the length
of threaded 5 portions.65a and 65b may;je increased or decreased so that
threaded joint 65 has mechanical strengtl‘ﬁ equal to or greater than any

ot fier 'porti QyoQistap) IH¥edE Hechibe HHE IR tAN 0 O X Ho R 'é‘dbl'@iori(
deSiriabl e because it allows. many alternatives w tf respect. to designi ng

hodsing 10 e5aaRs shibdttntialigh Adnly asy thirdaded ot romebrssenbl e.
 Housing nmeans. 60 can be generally described as a l.ong thick walled

cylinder, wpepending tupbmathe) ciyped b ntaetival s havert o uginufietersls of
housi ng subassenbl i es 15 61 and 63 may be internall'y or externally

t hr eaded t o housiinge mesmss 66 dipmeter &ils and Hhesilepgtimmt Gthieaded
connection with tubing string 21. A |ockout sleeve (not shown) coul d be
i ncor poat ePomtiensa and \eSsay heedinareased oini degnaasadse cthatans 31
open.. Lockout 20 sl eeves whi ch can be shifted by wireline tools to . -

per manent | y threpdeso Jaint, Ghes Aechanical STReRES PRI ¥ ©Xnown in

the_art. Housing suhassenb has threade nnectlon 29 to attach .
control I|in8*28 3‘3’!’5& '\%Iq}é‘ % lﬂ%l“ﬁ%s@ne signal s

%ﬁnggmgl ted f 51(&;18%8\%? Suraé%%.c&ﬁ@ar rsatasgﬁllne 26 thre dggageway
80 is nHCh'QEQOh@ h@%ﬁMgltéynétﬁyﬂéuwlth respect to de51gn1ng hou51ng
W, lO means 60 but is relatively easy to manufacture and
assemble. _ . _ | - .
| Housing means SO'can'be generally described as a
“long thick walled cylinder w;th 1Qngitud1nal bore 67
extending therethrouqn The ends of hou51ng subassemblies
15 61 and_63 may.he_lnternallx or.externally threaded to
provide_means_on opposite_endsdof housing means 60 for.
fconnection3w£tn_tubing string Zl.t A lockout sleeve (not
~ shown) could be incorporated into safety.valvelgdiif 
.desired,to:noldmyalve closure~means'él open. Lockout
20 .sleeves-which'can be'shlfted by'wireline tools to |
permanently or. temporarlly hold valve closure means 31 open
: are known in the art.
_Nwz_Hou51ng_subassembly 61 has threaded connection-29
to 3?F39pg¢99??9;.1in% 26 to safety valve 30. COntrol:
25 - fluid pressure.signals‘are communicated.from'the well
surface'via.Control]lluelzﬁ;-threaded connection 29,
'drilled_passageway 66, and offsetlpassageway.ao. |

Passageway 80 is machined in the wall of housing



subassenbly 61 parallel w th but offset. fron1|ong|tud|nal bore 67.
Passageway 80 has two portions, nanmely upper chanber 81 and piston chanmber

82. Inside dianeter 8la of upper chamber 81 is snaller than inside

di.amet ér 82a of 5  piston chanmber  82. 'Thi's change in dianeters creates.
seating surface 83 therebetween. Both inside diameters 8la and 82a are
substantially smaller than the |nS|de dlkketer of.’l ongi.t udi-nal bore 67

di t th t ub dabl y_ di dwthin 10 - -
| ohgi tudi naf® sﬁseé’@iirﬁ%ir_ ATRYRE TS Qi g IRl e i AT R

cl d hgqun f t t h
-fn°§FguP85'2§°93@§Zth gPSFGSE"’&g%@ Bl e e S Bereraily d
hol | I I 4 ct 1
o o 4 b2 TCBhEOBT 5K BRBREL, Q%ga“mig%s%ﬁém o oo,

di sposed i nypgasi EﬂaﬁBéQ'S 8801 @f 5&5&1&&0 t

hg'iﬁb.n A t7an 2d "B

operator tube 40 in.response to control pressure 'Tom

surfaces ApDetbhOShambBESBRD NPARS &aahges &hdahhmed:b%&o%%dﬁéé)f f Set
passageway 20 - 80. Piston.means 90 has two.-main conponents -- sea

assenbl y 9lsesting| sugfacel 880¢hépBbetiebal CBoRANERAEIGRS dl@.la'ﬁéiie:@mS 90N

-are shown in Figures 5, '6-and 10. Seal assenbly 91 incl udes  seat insert 92 - -

and piston amngZararersﬁbstaﬁﬁialSyasmaMert thani thei dnkdde diansxdy ned
bolt. . Head 94 of insert 92 has netal seating-surfacé 95 machi'ned tHereon
to mate wi tof sbamghgudinsdcboge 6V aﬁﬂseenpaSBegeWQy 80 Insert 92 is

attached to piston ring carrier 93. bx t'hr eads
o o Operator tube 4

.10 _longitudinal bore 67 to shift valve closure means 31 from
its second closed position as shown in Figure 3 to its
first open position as shown in Figure 2B. Operator tube

'40 is constructed from two or more generally hollow, | _
_ cylindrical sections designated 40a and 40b. . Sections 40a-'
15 and 40b are joined together by flexible coupling means 70.
Piston means 90 disposed in housing means 60 offset from-_
longitudinal bore 67, moves operator tube 40 in response to
control fluid pressure from the well surface. A portion of
piston means 90 is slidably disposed in offset passageway
20  80. | |
. Piston means. 90 has two main components - seal
assembly 91 and cylindrical rod 100. Other components of
piston means 90 are shown in Figures 5, 6 and 10. Seal
-assembly 91 includesnseat insert“92 and piston.ringicarrier'f
25 . 93. Seat insert_gzzis similar_tora macbined bolt. . Head 94 |
of insert_92 has_metal seating surface 95'macbined thereon
. to mate uith:seating surface 83_of offset}passageway 80. |

Insert 92 is attached to piston ring carrier 93'by threads

is slidably disposed within _ __J '\J



12 96. Preferably, resilient seal ring 97 is disposed between head 94 and
carrier 93. Resilient seal ring 97 functions as a backup for _
Jmetal -to-netal. seating surfaces 83 and 95. The conflguratlon of seal
assenbly 91 within 5 offset" passageway 80 results™iin only one possible

| eak path-for well .fluids to enter contrpp line 26 when safety valve 30 is
closed This | eak path is blocked by engagenent of netal-to-nmetal seating

suifaces 839gndt PreawalRLIF Cirbsialivat3Gaal @iageéva&SSM%dséf*Mﬁeé,
Sprng 54 "assists in 10 mai ntai ning this netal -to-nmetal seal when there.

is onty a shahll 9if bakerearie9en CReisiliechituisdal’ eSndg @7aFkinsdordd Ui d
pressure. NOTE: Wel'l fluid pressure would only be present at seating . .
surfaces 83asnd backlupyfiore meital+teo-matal Skavingalsurfaewls 83 ardbroml |y,
."valve closure neans 15 31 blocks well fluid flow when safety valve 30 is
inits closed p05|t|oﬁhéTnD@619nsaadqn ngsssalaassembﬂaséd withadgar at e
grooves _on the exterior of carrier 93.. Piston rings 98 are sized to fit
“snugly it hPEEERY pasgageway:. 89> zesndta0in ondy: ane pospgible dedkinptt ow

past seal assenbp¥ 91. Netal seating surface_99 is provided on the end of
carrjer 93 §ppoyrid FﬂHﬁFﬁe&@ Qﬂter8989t59§e&5P? ¢p when safedy 3ivR

100 move 2539 SFngHEsH-t PRLPRAR. RS 1% BLORHEROPY coCRAshant A i o
pi Ston chargek §2eo MEkah SestaRl] UL-PULEAC80 R RN 0RO UtV i 100

as shomn in erna ve e ure—t
'-! - 30 is closed as shown in Figure¢3,:,Spring¢54.assists“in
~ 10 maintaining'this-metaiQtoemetal.sealpwhen,there4is oniy a
small=difference.between,controlufldid presSure_and well
fluid pressure. NOTE: ﬁell-fluid-pressure would only'be
present“at.seating surfaces 83 and 95 if valve:closure
means .31 was also leaking. Normally; valve. closure means
15 31 blocks ‘well fluid flow when safety valve 30 is in its
-closed position. | |
: Three pistop rings'98 are disposed in separate
grooves on_the exterior:of carrier'93;f_PistOn rings 98 are:
\V) o sized to fit snugly'within inside diameter-82a and
” 20 substantially limit fluid flow past seal assembly 91.
. _Metal seating surface 99 is. provided on the end of carrier
93 opposite from head 94 Seal assembly 91 is attached to
theVupperrend.of.rod 100 by threads 101. Therefore, seal
assemblYIQi'and rod 100 move as a'single unit'io response
N ﬁs - to control fluid pressure in: piston chamber 82. Metal'

'seating surface 99 may be provided on rod 100 as shown in

the alternative embodiment of_Figure 10.



13 The exterior of operator'tube 40 and the interior of housing subassenbly
62 partially defines annulus 50 therebetween. Piston rod 100 extends from

" -the | ower. end,of housing subassenbly 61 into annulus 50. During assenbly

of 5 -safety valve 30, seat insert 92 is engaged with piston ring carrier
- 93 to formseal assembly 91. -Cylindricglyrod 100 and seal .assembly 91 are
then threaded together to formpiston means 90 and partially disposed -

wifhin offset passageygy é&@h&p%fna%éyaeéﬁeeaw #9. antAb 3Rter B%ertz;d

10 102 is sized to slide over rod 100 and thread into piston cha

at its exitof 'HuNdiey | SUBEsSERbDY 62USAPE18VDISa8FDhYSsOdnnultiist 80 rod 100
s sized to slide longitudinally through nmetal seat insert 102. . However,

- seal assenbipefdbétwéen. | PLStdR PO 100 cextENas gBromOeRe 1 Toveruaaki o Of
nmetal seat .insert 102 is to retain seal assenbly 91 wthin piston. chanber .

82._.ResH|hﬁﬁs£ﬁ@]suhasséﬁulpnﬂlrﬁnaonannulug 503 aDerﬁngfassbmplﬁlsﬁosed

on the end of insert 102 within chanmber 82. Resilient seal ring-104 is

si zed tH ersmfmtyreralvecd®; rgecuriaserw%fueangaged uésbnpﬁ-ytglx XANGt 0
“forma fluid barrier therewith. Resilient seal ring 104 is installed to .
provi de a Ieamxier 93 it sform- %%tha§§§P§1$991Flaﬁgbiﬂqri§a#a§ﬁﬂné9°on t hew
exterior of Q_erat r tube.40 to fit wthin n S Fl.ange 41 has a 25 .-
general |y nd oA @%%@ue&t%nasﬁc'%?nfw'wﬁeg A5SRREDRE. B SR || ed on

opposite si deéstéx?e:{uggx%" 35 5 part:l.ally disposed within offset

passageway 80 of housing subassembly 61. Metal seat insert “:'«-,"
10 -.102-is sized tq slide over=rod 100 and thread inte pisfon '-\J
| chamber 82 at-its:exitjfrom thelleWef end-of~heuSing '
subaSsembly 61. Pistpn rod 100 is sized to slide
longitudinally throﬁgh:metal seat insert 102. However,
: seal.assemb;y 91.is toesiarge to'mee-fherefhreugh. dne;
15 .function;of metal.seat'insert 1027is7tO';etain seal
assembly 91 within piston chamber.82.' Resi;ient_seal'ring-
104 and retainef ring=103:afe'prefe£ab1y dispesed on the
end of insert 102 within chamber-SZ;' ResilientfseaisriAg
104 iS'sizedfto engage'metalaseatiﬂg surfaCe"gg'bf seal o/
20 | assembly 91 and to form a £luid barrier fherewiéhl*“‘*”" |
| zResilient seal ring 104 is installed to prov1de a backup
for metal-to-metal seals 99.
Flange 41_iS'machined on the exterior of operator
tube 40 to fit ﬁithin.annulus_SO. Flange 41 has a
25 §ehefally circular cross section except for flat 42 and
notch 43 milled on opposite,sides thetefor.f'Flat 42
provides c;ea?ance for piston rod 100'te extend through

annulus 50 past flange 41.' The lower end ofepiston rod 100



provi des cl earance for piston rod 100 to extend through annul us 50 past
flange 41. The |l ower end of piston rod 100 .14 is engaged with | oad ring
106 which is sized to fit around the exterior. of operator tube 40 within
annul-us 50.  Load ring-106 has threaded holes 107 and 108 dianetrically -

opposite fromeach other. Hole 107 is;eqbvided t6Freceive 5  threads
105 of piston rod 100. . Hole 108 is pro iYed to recei ve .alignnent pin 109

havi ng simijar S N t . RN is_sizedqtq fit Wi thin notch .
43, o R hePai Syt 100 0PERg 186 vhot, 27 b1RHS, Bt BelE AN 106
rel ative toesptdF bt P8 40perELSEOPUBEARS WPLAZA éﬂﬁgiuéoso'. QLges to-

| oad ring 106 which are trans?erred to operator tube 40 to open valve

cl osure nMeafitng@1106 AadPPREEESeE Oh68etS10PPANEd108 H2aflekirR@al@§. by biasing
means or spring 54 to nove operator tube 40 and all ow val ve cl osure neans
31 to nove dppodite| e gacshtodther. LoAdlei DQ7106 protlidedlto rec@iveosed
between flange (first shoulder) 41 and coupling neans (second shoul der) 70
on t Ke. ext ethirgads Wereof opistbe #ed BPAsi ngokeah®8oissprowgdeéd ite carried -
on the exterior of operator tube 40 in spring chanber 53 which is 20 . a
portion of ZRFRANR .gn@ﬁﬁFr@F%hbﬂ%ehaﬁgng553@11ﬁ§dthﬁ99§$t1Q§-Sh0uldér

62a and the Jnside: di apeter of housing subassenbly 62. Biasing_neans 54
appl i es a1ﬁﬁ%ﬁPT%p§I?{Ea{é%rbf0§1¥%%et90f$Bhﬁ%?ﬁﬂ?nﬁ?F?hoﬁﬁosiPénfﬂgﬁithe

 fOrCe'Of‘u%ﬁécgoééﬁ“£5FggggéggkéntgiS%ggeggaggggtggnaggiTgaghring 106
; _relati@é to operator tube 40. Piston meahs'QO can apply
_ \Ja0: | férces to load ring 106 which are transferred to operator
'_tubé.40 to‘open Qalve'clqsure means 31.: An opposing fofce
'is'apblied_to léad fing 106 by'biasing_ﬁeans or spring 54
'to.move operator tﬁbe 40 and allow vaive'closﬁre-means 31
' to .move to its closed poéition; Load ring 106 is also .
- 15 | disposed between fiange (first shoulder)'41 and coupling
ﬁgans (second'shoulder)-70 on the exterior of operator tube
40. B
_ Biééing'méans-or-spring 54 is cafried on the:
K/ .. . exterior of operator tube 40 in spring chambér 53 which is;
' 20 " a pbrfioh of ahnu;us 60. SprinQIChamber 53 is defihéd in
part bj_éhoulder 62a and the inside diameter of_housing
subassembiy 62._-aiasing meanS'54 applies'a force to.slide
operatdr tube 40 longitudinally bpposite'fioﬁ the force of
control fluid pressure in.piston‘chamber 82 acting on
25 - piston mééns.QO. Whéh control_fluid pressure in chamber 82
| ié decreésed beibw a preselected vaiue spring 54 héves |
operator tube 40 longithdihaliy upward to allow valve

closure means 31 to return to its second, Clpsed poSition.



25  piston nmeans 90. When control fluid pressure in chanber 82 is
decreased bel ow a presel ected val ue spring 54 noves operator tube 40°
| ongi tudinally upward to-allow val ve closure means 31 to return to its.
second,. cl osed position. - 15 Spring 35 coil-ed around -hinge 34 assists in
“nmovi'ng flapper 31 to its closed positiops Operator tube 40 could be o
designed to allow spring 54 to directly contact a shoulder on its exterior.
5 Suchsgesingn 35s cbiaque airlounds ¢ rige GNmassi $ts yimvmbyahy efsabparf ace,
_safety val ves. Conpression of spring 54 (Figure 2B) and expansion of - o/

spring 54 BFi gor ét8) cposedc postidrisironal forces in addi tion to |longitudinal
forces. Therefore, bearing assenbly 120 is dlsposed on the exteérior: 10 _
of operator tube 40 Beexaden dade 4%y crordke designed t@ealley assenbly

120 i sol ates torS|onaI f.or ces _gener at ed 2¥6§frln 54 from operator tube 40
“and pi st onSREARY §6. EoﬁjFF&ﬁ alCH¥AE Qﬂ%é%ﬁ)%ﬁ-+ﬁst ZHeFIPFed via

pearhnd) S535a Hbiln! 3o 3Fegeti 33% o ot Sedsid e Ry Bl om
Decond Snodpgirieprk 30ty Shah. OSbu-Yholth 0¥ WBLAGSRL PEAGEERD 4,
Longi.t udi nghf gh@eckBadlitbh w%z@r@s% (BrL®B) produddsits open
position is’initiated by supplying a presel ected anDunt of control fluid
pressure. teopsibﬁalclia&&ee 32 addiYih e Toril el Sf@ﬁ@ééQ' fluid
Therefore, bearing assembly 120 is disposed on the exter10r°
10 of operetor tube 40 between loed ring 106 and spring 54. _\(
| Bearing assembiy 120 isolates torsional forces generated byj. ) |
spring 54 from operator tube 40 and piston means 90. N
| Longitudinal force from spring 54 lS transmitted
via bearing assembly 120 tc load,ringllﬂﬁ_and ~then to first
..15 _ 'shculder (flange) 41'on.the"egterioriofroperator tube_40,-"
Longitudinal-force"from piston means “90 is transmitted via
load ring 106 and small spring 57 to second shoulder
(flex1ble coupling)» 70 on the exterior of operator tube 40.
Longitudinal force to shift valve Closure means_
20 31 to 1ts open pOSition is initlated by supplylng a -
preselected amount of control fluid pressure to piston |
' 'chamber-82.' Piston means 90 converts control fluid
.pressurejto a.longitudinal forcevwnich-is transferred via
" rod 100 to_load_ripéleGc..The sprinngi_is_positioned.
25 . between flexible:coupling=neanS'7O andqload:ring lOGr |
LOngitudinal_force_cn-load-ring 106 via_smell spring 57 is -
.transferred to flexible coupling.means-70,.:Since flexible

coupling-means_70 is an integral portion of operator tube



pressure to a longitudinal force which is transferred via rod 100 to | oad
ring 106. The spring 57 is positioned 25 - bet ween fl exi bl e coupling _
smeans-70 and 1 oad ring 106.- Longitudinal force onload ring 106 via small
_ spring 57 is transferred to flexible coupling neans 70. - Since flexible
~coupling neans 70 i.s an integral portionjgf operator tube 16 40, the -
~longitudinal ‘force will nove operator tube 40 to open valve closure neans.

31y At the IVTE thd 8 ciigd QRTLAd NE e Wi 1A Movd bperiidt diued 4@r€s to

f1 éxfble coupling neans 70, 5 | ongi tudinal force is also being applied to
. Spring 54 VicpePeardlvee aslsirey medhsarBL f | ange 119.  Keeper sleeve 118 is
-generally cylindrical and sized to fit around operator tube 40 and flexible
~coupling nmeans 70. Flamndgehel hme tive ad doast ming dd)feris|appley i
-provides a rest for bearing 10 assenbly 120. Spring 54 contacts the
- bottom of f lemgdtutinald faxgd e Hleaxihle copling ®eansTilfd, torsional:
forces from conpressing spring 54 are isolated from piston neans 90. An

al ternadi ve Miﬁﬂdﬂ&%peﬁ%@%é\% alxgy being applied A ERring 9% via

-Longi tudi nal force to shift operator tube 40 in the opposite direction to

-~ al kaw val ve bepgdide arsarbly 120 and flangss 1d%se KqrRIR iheeve stidiisd
primarily by biasi means_ or, spring. 54. irst_.control fluid pressure in
bi ston chanBepessily exitdescal a5 Fied o Gity SHpund, gRRFAtaE) Tuke 54
can- t hen eXQ%P%nd'f%éﬂfﬂf%*éﬂu£f¥éaaéééﬂg 70.. Flange llgiqn the = '

" exterior of keeper sleeve 118 provides a rest for bearing
_\J 10 assembly 120. Spring 54;¢ontacts the bottom of flange 119
and bearing asseﬁbly 120 the top. Thus, torsional forces .

from compressingjspring 54 are isolated from piston méaps-

'90. :An_a;te:native design,'keeéer s}éev%.l}ggi ;éhﬁhown in -
'Figufe q. : Sl ,Mw__fmi ERAS -
15 o 'ﬁdngitudihéi fo;geﬂté;§§§f§ 6pe:ator_tube 46 in
thé opposite'diréction_f6.§iioésvalyé.CIASUre ﬁeans_31 to
move ﬁo its closed pqsitiqn is.éﬁéplied primarily'by |
biasing means or.Sé;ihg'$4;' First_contrql.fluid preésure
N | iﬁ piston chamber 82 ié decreésed'below_a §fesele¢téd. 
20 '.value;.tspringis;;caq then gg?and; Longitudinal.fofce from . .
expaﬁsibn'of'sé;;éq;ée;is aﬁpiied fb operatof.tube'40 via |
flange 119; béaring_assémb;y~}?q,“qqq‘;ogd_ring 106.
During expahsion °£'59£%29;54! load f;qg_lcé cdﬁtadts the
- bottom of flange 41 tb ret#fg:ppegéﬁq; tpbé 4@ fo its _
25 .secdna position.  Béafingugsgemb%y;EQOLisolates opérator
- tube 4O and biston means;90'ffqm torsional forces generatéd
by expansion of spring 54. | | |

‘Stationary scrapér'seai'45 is carried on the



expansion of spring 54 is applied to operator tube 40 via flange 119,
bearing assenbly 120, and load ring 106. During expansion of spring 54,
| oad ring 106 contacts the bottomof flange 41 to return operator tube 40

toits 25 second position. Bearing assenbly 120 isol ates operator tube -

40 and'piston means 90 fromtorsional forces generated by expansion of
spring 54. Stationary scraper seal 45 isizarried on the. 17 interior of.-
hop5|ng subassenbly 61 near the upper- end. of operator tube 40. Stationary

seal 45 actsntérioscofphousingr ssbassembdy 63 peavethes apbeas Qndunfdebrﬁs)'

fromentering annulus 50. 5. - S If desired, operator-tube 40 coul d
be machi nedopenatarstu99e49|-ecStéﬁlpmrﬁaﬁéﬁﬂaﬂsolacé'écﬁsor% SEREREN AL -
joined together by threads. . However, such constructlon regui res adherence
to many cl otzasb| aanées F@rPEPUBEF ﬁ@ﬁétPGh (ﬁLQWﬂﬁP %ﬁthn
| ongi tudi nal . bore 10... .67. Al so during slan1closure of flapper 31,
oper at or -t uBRNUBUFHHO be danaged by high stress | oadi ng. ~ ‘Qperator tube 40

h f
ol o arBes and pr ovi 286 PpiZal (RBAZALES; §ibs" Aol MRt fd WIRAMRR 1L 00

. m
osure forFEGR e gipile pfstd Bera M “‘%gi?ﬁe% SRR o R 0 e

spli 1
B i

requires adherence to many ‘close tolerances for proper ‘

functioning of operator tube 40 within longitudinal bore

10} '67. Also during ‘'slam closure of flapper 31 _operator tube-

-_40 may be damaged by high stress loading.- Operator tube 40“'f

“eas shown in Figures 2A and ZB compensates for variations in
manufacturing tolerances and providesﬂfor easier assembly

. by using flexible coupling or connecting means 70.

15 Flexible coupling 70 also compensates for slam closure
forces. As best shown in Figure 6 flexible coupling 70
comprises two split rings 71 and 72 Each split-ring 71 '
and 72 has a pair of inwardly facxng flanges 73 and 74 that .
engage matching grooves 75 and 76 on operator tube sections B

20 40a and 40b respectively.: Recesses 77 and 78 are machined

". 1nto the end of sections 40a and 40b respectively facing
.each other._ Sand barrier ring 79 fits within recesses 77
and 78 between sections 40a and 40b._ During assembly, ring
79 is inserted into recess 77. Section 40b is then

25 'positioned adjacent to and aligned with section 40a with

_ ring 79 partially disposed in recess 78.' Split rings 71

-and 72 ‘are next engaged with grooves 75 and 76. -Split

rings 71 and 72 cause operating tube sections 40a and 40b

"



engage matching grooves 75 and 76 on operator tube sections 20 40a and
40b respectively. Recesses 77 and-78 are machined into the end of sections
40a and -40b respectively facing each other. -Sand barrier ring 79 fits

W thin recesses 77 and -78 bet ween sectloa 40a and 40b. During assenbly, .
ring 79 is inserted.into recess 77. Sec on 40b i.s.then 25 posi ti oned

TR it AR i AU R
t
I 1119 s B0 Eau 5 SMECALT PRoLUS 85LaRenden Bl o 18 10

flexing to Gameistdss§ Hh alxaéﬁsy&amtwmraﬁ%ouméa&' oﬁairééé

between operator- tube 40 and the interior of sl ng neans . Burlng sl am
5 . closure 4G enid Othd On€eride oFiHbhyinh Sibaesl6n. | Imi—fﬁgagpaﬂt Wi thout
transferring this force to secti-on 40a or piston neans 90. ~ Keeper sl eeve
118 is S zedclaswte desection MOk xtanilos méialby adbspladed seclinntd@b and to
securely engage-split rings 71 and 72 with each other. Sand barrier 10 :
ring 79 restamaunt fwithodt chransferring cthully abarte ctolssectient 40asoz0a and
40bi_ Ring 79 can be manufactured froma w de varletéﬂgf el ast omers and

copol yners. Pimeymeans 99y vieeperetleeve Wik 18 oviredatosshidergveor
ring 79. For ease of -manufacture and assenbly, valve seat 15 37 is
nmachi ned as %teﬁem ‘hﬁ m%%b?}b%?%?#ﬁfh 4%9?‘?‘%1:‘%?5‘56?%137

Va've,seatiiﬁééégcép i §§t+{ and 72 with each other. Sand barrier

_\/f lO ring 79 restricts fluid flow between the adjacent ends of
| sections 40a. and 40b. Ring 79 can be manufactureeaﬁﬁgn a -
'w1de variety of elastomers and copolymers. -Teflonlbased
material has proven satisfactory for ring 79.
For ease of manufacture and assembly, valve seat
lS 37 is machined as part of housing subassembly 62 within
_ 1ongitudinal bore 67. Valve seat 37 could be_manufactured
.as a separate component'and inserted into nousing
subassembly 62. Valve seat 37 as shown in Figures 2B and 3
'has a circular cross section. Valve seat 37 has a hardened
Zdlelsurface 140 to form a metal to-metal fluid seal with
matching surface 141. Copolymeric or re51lient seal means
;l47_is carried by valve seat 37 to provide a backup-fluid _
* seal when valverclosure means 31 is in its second,'closed
-position. An important}feature of'valve'seat 37 is flow
25 cnannelsf38_machined on the ‘inside diameter of housing
'subassembly 62. Hardened metal seating surfaces 140 and

141 are particularly desirable when valve closure means 31 .

is subjected to slam closure. 3esilient seal'means_147 is



as a separate conponent and inserted into housing subassenbly 62. Val ve
seat 37 as shown in Figures 2B and 3 has a circul ar.cross section. Valve
~seat 37 has a hardened 20 surface 140 to:forma netal-to-nmetal fluid
seal with matching surface 141. Copolyneric or resilient seal neans 147 is
carried by valve seat 37 to provide a bagkup fluid. seal when val ve closure
means. 31 is in its second, closed position. An |nportant feature of valve
seat 37 is ﬁdmﬂdiﬂar]qhammaéi&naﬁdm nerbwididg 4 niwed dtagRt ebaﬁi-iQQUS uq
. subassenbly 62. Hardened netal seating surfaces 140 and 141 are
_partlcularhw(lawlprﬁssuMESLvalve cl osure means .31 is subjected to slam_:'
closure. Resilient seal neans 147 is . 19 partlcularly beneficial for
providing a fluid ti fandanriathen dehriscsantainaiintn cthetwelldebris,
contained in the well fluids, has a tendency to settle out or- accunulate in

areas 5 éﬂqiﬂﬁﬁIhﬁ%i§IQRFdﬂ§QXn§%/se#5&§n9Qﬁ;Q# acrymatate iRecareast op

ol ur ol Py OF 368 %%{hi”fﬂ%ﬁ?\% a5 craamstae of #ei%a%”%%éFﬁéndAof
OB ve 4R B end-REH %'eséff’ ey B el d 6 98808y spacad
_?L?gﬂght ggegr': oyﬁé{)am)}%t 1 exﬂ éﬁﬁ%w nezzafiehgdl@'l d‘gcrea‘?feI '?\lljmr Bgl enf

flow withi adms&mm&a@ &G}&@Mﬂ@%‘s& en! !GPl rdtEw tube

: 40. Flow nozzles 46~are machined at an ‘acute angle

10 reiative to the longitudinalfaxis of'operator_tube 40 and “
are evenlf'Spacedtaround'the circumferencesthereof; A
portion'of:tbe'well fluids floWinéfthrough operator tube 40
will exit via flow nozzles 46 and’ create turbulent £low
'within housing means 60 adjacent thereto. Turbulent flow

15 at this_location_tends,to scour the inside diameter of
housing‘means_do and to prevent debris accunulation on top:
.of'scraperfring 45. The number;-size; and acute angle
associated"With_flow nozzles 46'can be'varied to
accommOdate the internal dimensions of safety valve 30 and | ";?

20 thefcharacteristics'of.the well_fluids flowing

_ therethrouéh;:-3 | '
fAnother potential area toﬂaccumulate debris is
annulus'so between the'inSide diametertof housing means 60. .
and the outside diameter of operator tube 40. Coupling '

25 means 70 w1th ring 79 blocks well fluid flow between the
ends of operator tube sections 40a and 40b.' When safety
valve 30 is in its full open position as “shown in Figure

- 2B, 1ower end 49 of operator tube 40 contacts tapered



15 at this location tends to scour 'the inside dianeter of housing neans:
60 and to prevent debris accunul ation on top of scraper ring 45. The
aurber, .si ze, and acute angl e associ ated wi.th flow nozzles 46 can be vari ed
to accommpdat e the internal di nensi ons of safety valve 30 and 20 the
characteristics of the well fluids f1ow ng0t heret hrough. Another potential
area to accunul ate debris is annulus 50 between the .inside dianeter, of
‘housi ng mean§heyldrad 6fe tou tfswrabadufdmﬁe;bla@rmpeb rtmehtidﬂbh g@pr;mmm ?g 25
meahs’ 70 with rin blocks well fluid ow bet weeri the ends of operator
tube section§F &@Hgﬁn% 48b @ndyhdn oFa Aditprpatiyessprdngn 157 (Fiigurgpdh) is

h Ei 2B, I d_49 of erator tube 40 contacts
Popered - 2BoSkBApRef %ért?vserbm%ﬁﬁ%%dl Br APgr CONDIANG: feansy (Srpama

9 t d
et Seen | oagsRoi38k53 78,58, I8k Kreabietetotp aa%‘é%ﬁltaéf% 498 e
exteriorgof gpepat-9gmt 'iQe 405 tgp g‘t iéf"% ;_gé 3ur| rot ‘#Eflower

end 49 of operator tube 48°3Rd “Pa ere sho

- safety valve460an3hexpé9aatbaauiaeé B@Shugﬁ?gfglgﬁvbggniggalEoga§#gf625?

novepent of |oad ring 106 relative to opera
control s thevaneen8oof TREgE funbkidh asWB'EBSEOHBEiBBddé%i%@ngﬁp%ﬁJkﬁPered

shoul der 69. The amount of force is a significant factor In determ ning
the seal ing thmiaedemovemeatobftmoadfbuhd masrrénati$butotbgerator tube
40.  Spring 57" or 157" controls the amount of force with
AN '1o'i which lower end 49 contacts tapered shoulder 69.. The
amount of force is a 51gn1f1cant factor 1n determining the
sealing characteristics of this fluid barrier. Thus the
present invention minimizes ‘the entrance points for well
'fluids to carry debris into annulus 50.
15 . sSpring chamber 53 is generally filled with
stagnate”well fluid. During;the.opening and closing of
‘valve closure means 31, spring 54 will expand and contract
within Spring chamber.53.- This mouement'of spring 54 will
¢ result in some well fluid flow into and out of spring |
- 20 chamber 53. The lower portion of section 40b is
.substantially reduced as compared to the other portions of
operator tube 40 and valve,seat 37. 'Therefore, while
operator tube 40 is moving'valve'closure means 31.from its
closed position to its open position well fluids and _
25 ;;debris w1ll be discharged from spring chamber 53 via flow
channels 38. The dimensions for flow channels 38 are

selected to provide mechanical support for the portion of

operator tube 40 adJacent thereto during slam closure.



present invention mnimzes the entrance points for well fluids to carry
debris into annulus 50. 15 Spring chanber. 53 is generally
filled with stagnate well fluid. During the opening and cI05|ng of val ve
cl osure neans 31, spring 54 will expand and contract w thin spring chanber
53. 'This novenent of spring 54 -will result in some well fluid flowinto
and out of spring 20 chanmber. .53. The_| ower portion of section 40b is __
. substantially ireduced as- conpared to t hélot her portions of: operator t ube 40
and val ve gﬁat 37 Ther IS V|n val ve

whi | 40 W/
‘¢l osur e meBRES1 Wk nlﬁﬁ %{Sgbfﬁﬁﬁii) ﬁégﬁtﬁygﬂ%ﬁnﬁ%é ?oﬁgoﬁBF? f1uids

and 25 d |1 qg@ w channel s
38. The dﬁ%éh%lggsifg q1owc annels gégg%gpggﬁgc %%?éa%r%gF égnechanlcaf
support f O@héh%eaqebaoal%emw il D £ Gk B5eNioB N1 86 mPHihPdes! am
-closure. -~ 21 Fluid will exit fromspring chanmber 53 when valve cl osure

means 31 i ghenpoeskdidliey of bperiatwid tutdb Eidging Vabvéedes€d37.
di-anet er ‘portion of sectionn 40b al so mnimzes the possibility of. operator
t ube540 daduging sdlbwe clesure/ oF flappenr&}slan1closure of flapper 31. The
previ ous description has been directed towards an operator tube which opegs
a flapper type val veThieopreyigsisndesayd piamthass deeemebixectedeph L. Pearce
et al denonstrates that operator tube 40 could be nodified to 10 open
and cl ose B@Wﬁrti?pénaﬁ@eﬁéﬁﬁé't tphe, whdichs grenfe s fapper type valve .

- closure means._ US Patent 3, 860 066 to Joseph L. Pearce et
.al demonstrates that_operator tube 40-could_be modified to,°_ E)_
h 10 open'and.close'ball'type and poppet Valvehclosure means'in
addition to flapper 31. Therefore the present 1nvention
- is not limited to flapper valves.ﬁ-

Figures 7 and 8 show alternative controluline
'adapters 207 and 208 respectively which-maé_be used to
15 .'attach control: line 26 to ‘housing means 60. Both-adaptersh
hl207 and 208 have threads on their exterior for engagement
.w1th threaded connection 29 of hous1ng subassembly 61 _ The
_,lower portion of each adapter 207 and 208 forms metal-to-
'metal seal 209 w1th the 1nterior of drilled passageway 66
20 to prevent control fluid leaks. Control line 26 may be
secured w1thin openings 211 or. 212 by welding, brazing,
.flne pitch threads or a combination thereof Figures 7 and
8 demonstrate the fleXibility of the present invention to- |
accommodate various adapters while maintaining flu1d tight
25 . integrity Wlth metal to metal seals such as 209.-
| A.preferred feature_of the present 1nventiondis
the metal—to4metal:seal established by.seating snrface'95.

of seal assembly 91 contacting seating surface 83 of offset



addition to flapper 31. Therefore, the present invention is not limted to
flapper valves. Figures 7 and 8 shqw alternative control |ine adapters. 207

- and 208 respectively which may sbe used to 15 attach control line 26 to
housi ng -means 6Q. Both adapters 207 and 208 have ‘tthreads on their exterior
for engagenent with.threaded cennection égfof housi ng subassenbly 61. .The

| ower portion of each adapter 207 and 20 ornms netal -to- netal seal -209

o : o N A 0 flLuid
LR SN ) "l aled 8b ] SR BARRI Vol % a4 BES 150LSET L BheLd
vel di ng, brazddihidd ne ﬁéfﬁ#ﬂg@is ﬁ]jéalf@r@l%%%g%ége&g%fof fagures 7

and 8 denonstrate the flex 'ty of presen Ton To acc date -

various adaphifs spvd 5N LS flodd £4gdht and £T8L£051d Vedlhd i n
ol to- mota G TP B Loed S 1 and SRRt
i nvention i medns Nedetond-sthoulldacn| 70 il et dwi G adf reperd 686 ee@e Of
seal assenbly 91 contacting seating surface 83 of offset =~ 22 passageway
80 when Ssaf di0. vSpreimf 157 iconprsl s anGludaiey B8 BdIieviine waghess 3.
Figure 9 shows the use of heavy duty spring 157 between | oad ring 106 and
fl exibl e colydl ierprte additionald fome dur Jopdrator houbext40 ito hdlppdeobd or
tube 5 40. Spring 157 conprises a plrality of Belleville washers to
exert addi tiSe¥Hing Erfaces amilaven endi®3% @k |tapexed shouldexssiré%ces on

- lower end 49 and_tapered shoulders 69 in fluid. tight contact. Couplin
“means 70 of L& g‘.&lqug tight contact. Coupling n_teangs 70 of Figure 9 PLINS

.K,/ Shwa_a modified’keeper-sleeve 1L8a. Flange 119 has been

10 ' eliminated as compared to keeper_sleeQe 118 onFigures 2B,
3 and 6. The configuration shbwﬁ_iﬁ Figure 9 ailows spiing_
54 to directly coﬁtécf bearing éSseﬁbly'lzo. Depending |
upon installation depth} well.fluidé (gas or liquiﬁ) éQdyi
~control line fiuid; sbring 157 and kéepef siééﬁé“Ii@%:ﬁéfr
15 offer improved performance as_cﬁ@péred to spfing 57 and :
" keeper sleeve 118 with fiangé 119. | o
Many Qariations to‘séaI'éssémbif;él bf"biéton'
means 90 are made possible b} the present invention. _Seal
), assembly 91 can be easiiy mbdifié&fﬁb“éccommodaté_a wide
. 20 variety of aowﬁhole environments.’ Spiiﬁgilbaded'piéton
) ._rings.98”are used to mihimizésgéiiiﬁ§5§ifﬂthhéd inside
‘diameter 82a. Th#eé'piStoh rindéiéé'éfé shown in the
< drawings; This humber may be.increased or decreased és
requifed in sbecific well;condifiohs'5n3266ﬁ5561”1i;é“'
25 - fluids. Also; one or.ﬁore metal §ist6hlf£n§é“§8 could be
rep.‘ll.'-ace"d E.{:&(\nseiélstome:.‘ic .or polymgriq seal r1ng Ryton (Q?.\N. '
or Teflon/based compounds may be used for some

appliqations.



shows a nodified keeper sleeve 118a. Flange 119 has been 10 elimnated
as conpared to keeper sleeve 118 of Figures 2B, 3 and 6. The configuration
shown.in Figure 9 allows spring 54 to dlrecTIy,contact beari ng assenbly
120. Dependi ng upon installation depth, well fluids (gas or |iquid) and
control line fluid, spring 157 and keep2B sleeve 118a may 15 offer -

| mpr oved perfornance as. conpared to spring 57 and keeper sleeve 118 with .
fllange 119. Many var Se’aﬂ.oasseubé-ﬁralglasmigtﬁ.‘h Gf0 sheven MnasQOoﬁr e \eg _
possi bl e by the present invention. . Seal assenbly 91 can be easily nodifi

to accommouacuPal¥padseals)ysepdsy 220 @othR3le amwnradiie £ndspring | oaded .

......

pi st on rlngs 98 are used to minimze gal Ling wth honed I'nsi de di anet er
82a. Thr etbpreesn r Pngupogeals gqun%adﬁea\ﬁiﬁﬁsl Hh desigrrandy be

i ncreased or decre%iPg s re U|red CIfIC wel | condi ti ons and control
0,

| i nF 25d b?PﬂFHEuc O fFE* SP%F&"IQE - pitd BN s fiptshe

T. .
%pr: ore( R 4oRFrOnABbER  thet, zﬁi L F854% siﬁahékﬁ%oa@g%nsa%?n? °T| 23
S 220
and 251 ondbinatarCbze, BUrinbluphRgriIoe Pl sor) sy ?3{-' e e e
design andgggygt byt bfla bmsﬁ.hgms&su Hinttion dPY ! i ter 82aé% b g

envi ronnments, they.w assi-st "with cleaning insi
nmovement Otopmétﬁm §Eé&&n§0sur§a&é& 95 and 99 in the same manner as

previously described for resilient (Teflogiggzgl rings 97
10 and 104. The use of one or both u-cup seals is optional
.depending_upon_the well environment,_ U-cup seal 221 is
helpful to §re§ehﬁ gas migration into contrdl 1ine 26
: during travel oi piston meansngq between the first open
position and the second closed pos1tion. _
15 , For some downhole envzronments (high pressure gas:
| wells), a complete fluid tight barrier between ‘annulus. 50
and longitudinal flow passagewayﬁﬁ? may subject.operator
tube 40 to excessive}differential;pressure;_ Various
modifications,to,operator.tube 40.andgits]associated'seals _\;J
20 are possible to allow pressure equalization if required.
These'modifications_include placinggone_or more small
notches.(not shown)_in:lowerhend 49.or=drilling one or more
small holes (not shown) radially_through the-reduced
diameter portion'of section 40b. These modifications would"
25 be sized to prevent any substantial £luid flow into_
| -'annulus 50. '

: The preceding written description explains only

.some embodiments of the present invention.' Those.skilled

.(‘_



seal s 220 and 221 may ‘al so function as a backup for metal- to-netal seating
sur.faces 95 and 99 in the sanme manner ‘as previously described. for resilient
¢Teflon {RT.M). seal rings 9% 100 and 104. . The use of one or both u- cup
seals i's optional depending upon the well_environient. U cup seal 221 is
hel pful to prevent gas mgration into conffol |ine 26 during travel of

Dot Ly om 1 1RO chB" UER W3 Lol 0P SR PRI ORI RS BRI L 00 s
vel M), a cogpkeheibhydi ¢l %gralnge g@ﬁn ggP%°§§82%5|vg'longltUdlnal

-fl ow passageway 67 nmay subject 0 dlfferentlal
pressure. Vapieneippdi fications to operator tube 40 and its associated
‘seal s 20 are possible to allow pressure equalization if required. These
modi fi cations i'nclude pl acing one or nore spal ]l notches (not shown) in
|'ower end 49 or drilling one-or nore small holes (not shown) radially

t hrough the reduced di aneter portion-of-section 40b. These nodifications
woul d 25 be sized to prevent any substantial fluid flow into annulus 50.
The preceding witten.description explains only some enbodi ments of the -
present invention. Those skilled 24 in the art will readily see other
nmodi fications and variations w thout departlng fronlthe scope of t he
|nvent|on :



25 CLAI M5 1. A safety valve for downhole use in a mell conpri si ng:

a. housi ng nmeans having a | ongi tudinal bore 5
ext endi ng 't her et hrough; b. val ve closure rmeans nounted in the housi ng _
~means to control fluid flow through the |ongitudinal bore; c. t he val ve
~ closure neans -having a first 10 - 25 - position which all ows
~fluid flow through the |ongitudinal bore and a-second pposition which bIocks
fluid flow therethrough; d. -~ an operator tube in the hou5|ng means to- ; .
shift. the valve closure neans fromits 15 . © second | .\
posi tion t gLATMSf i rst position; e. ~ “piston means’ for novi ng theée operator
tube in response to control fluid pressure fromthe well ~surface; f. t he
pi ston neans di sposed within the housing 20 ' means of f set -.
fromthe |ongitudinal bore; g. a bearing. assenbly carried on the exterior
of the opetat or tubeAmﬁﬁf%¥XMWﬁkﬁﬁt%P%ﬁdQ%ﬂh°¥ﬁ%H$%g%nd?sﬁ%ééd bet ween an
upper bearlng gce and a | ower bearing race and 25 , Its
out er . di anEPEPTESH® i ble with the interior of the hou5|ng means and
slidably a. housing means having a longitudinal bore ' 'QJ
5 - - extendlng therethrough' |
b. valve closure means mounted in the hou51ng
means to control fluid flow through the S
longltudznal bore; ' : _ ' e \J'
c. éne valve closure means having a first
i0 _ - : p051tlon which ‘allows fluid flow through the
longltudlnal bore and a second position
'which blocks fluid flow therethrough;
'df an operator tube in the housing means to
‘shift the valve closure means from its
15 . | second position to its first position;
e. piston means for moving the operator tube in
-response to,control-fluid pressure.from'the. '\

well surface;
"f.  the piston ueans'diSposed'within the housing:
20 - S means offset-from the'longitUdihal bore;

g.c' a bearlng assembly carried on the exterior
of the operator tube w1th a plurallty of
ball-bearlngs dlsposed“between an upper
bearing race_ahd a lower bearing race and

25 o ~ its outer diameter compatible with the’

interior of the housing means and slidably

| KO OR) O



26 di sposed around the exterior of the operator tube; and h. t he

pi ston. means engagi ng the bearing assenbly to transmt force to the
operator 5- . tube. 2. A safety valve as defined.in
claim 1 wherein there are neans for b|a5|ng t he operator tube and the val ve
closure neans to their respectlve second 05|t|ons and said bearing .
assenbly and arranged to r duc rsiona oadln h o
means: by the biasing neanéf 2po Sse aro?@é + 5%05505e¥P%e ra%Pﬁintl
or &aim2 wherein the- plsé&gbrmggg for- nDV|ng the oper at.or tube conpri ses:
a. a rod partially disposed mnthln a passageway 15..

of fset fromthe |ongigudi nghe K91 Sto®. me§n§eé,l, g?ﬁggbfuesgégfgﬂgto one end
of therod to forma slidable fluid barrier - he” passageway; c. seating
surfaces at each end-of thesgéhbly to transmlt for@@stagtMeyop@rasokial |y
define limts for travel of the seal assenbly therein; and d. mat chi ng
seatisng surfaces on the seatbassenbly to forma fluid barrier with the
passageway when the seal assenbly has 25 : e reached the
linmit of its travel in either direction.

~ 2, A safety valve as deflned in c1a1m 1 whereln

Cmen lalala N AT R

" there are means for b1as1ng the operator tube and the valve

TN Emaeta s A

1l e e

closure means to thelr respectlve second pos1tlons and sa1d

R IRV

t\c/ 'bearlng assembly and arranged to reduce tors1onal loadlng
10 - of the piston means by the biasing means. '
3. - A safety valve as defined in claim 1. or claim 2

wherein the piston means fcr'moving_theioperator tube
comprises: | - | | |
a. ‘a rod.partially;disposed within a passageway
15 EE offset frcm the longitudinal bore;
| 'b.'h'a.seai_assembly secured to one end of the
- rod to form a slidable flnid_barrier'in_the
- passageway; ) |
c. seating surfaces at each end'cf the
20 _ . | passagewayﬁto.partially'define'limits for
travel of the seal assembly thereln, and
'd.. matching seatlng surfaces on the seal
assembly to form a fluid barrier with the.:
passagenay.when the seal assembly has
25 - . : -_ reached the_linit_of:itS'travel in either

direction.

* [ L M -1 *



27 4. ' A safety valve as defined in claim3 wherein the seating
surfaces formnetal -to-netal seals when engaged wi'th each other. 5.

A safety valve as defined in claim3 or claim4 5 ~wherein the piston
means further conprises a plurality of pi ston rings. carrled on the exterlor
~of the seal assenbly to formthe slidahje fluid barrier with the
passageway. 6, A safety valve as deflned inclaim?2 wherein the
bi asi ng means further conprises: 10 : a. a spring.disposed.
betmeen the exterior of the operator tube and the interior of the hou3|nd*)
means; ? one ‘endp 055 F8eySPENLGE QBphé'f'iﬁeﬁoﬁ.ﬁedil%ﬂnh@ Rarsrddith agisenbl y
opposite fromthe piston 1 g -nmeans; and.c.  the other
end of tfseéf&h@gsﬁﬁﬁacag ebrin Mbeulden-aktale seals ReTE@TRgagedi n t he

| ongi tudi hal bore. 7. . . - A safety valve i.n accordance with any one of
-the 20 w1tmeeadhngtneaLnE wherein the operator tube conprises: a. at

. least two sections concentrically aligned with the |ongitudinal bore; b.
~nmeans for connecting adjacent sectlons to each other to facilitate

Iongltudlnal : : -
: 5. A safety valve as defined in claim 3 or claim 4 e

PP

5 wherein the piston means further comprises a plurality of '
' piston rings carried on the exterior of the seal assembly

to form the slidable fluid barrier with the passageway.i

6.:_ - A safety valve as defined in,claim'i.wherein the
biaSing means further comprises.
10 " a. a spring disposed between the exterior of
| | 'the operator tube and.the 1nterior of the
housing means; | | |
b. one end of the spring applying force to the
- 'bearing assembly oppOSite ‘from . the piston
15 1 means. and - '.
| | c. . the other end of the spring resting on a 3 _\‘J"

shoulder of the housing means within the

longitudinal bore;

7. "A safety valve in accordance with any one of the
20 - preceding claims wherein the operator tube comprises.
a. at least two sections concentrically aligned

with the longitudinal bore,
b. -_means'for connecting adjacent sections to

each other: to facilitate longitudinal

AU A




28 nmovenent within the |ongitudinal bore; and c. t he connecti ng neans
including a barrier to restrict fluid fl ow between adj acent ends of the

sections. 5 8. A safety valve as defined in any one of the
precedi ng clains further conprising: 'a.” a reduced outside dianeter
portkon near the |ower end of the operaiég'tUbe; and b. a plurality of

fIOﬂrChanneIs i.n the ‘housing 10 : nmeans adj acent to the
reduced outside dianmeter portion to ti.al efi:ng a.fluid flow ‘h

! herebet veen. 5. A BevebdnbophEhin” st ABpotTuRipal, baset e "
preceding clains furtper CoRRrLg| nlural bty s f 5 Ay di ng
through the upper endgof'tﬁggogébggg?lg béégh é?%%%%é&at% Sffééﬁégﬁﬂ’_ -
cleaning fluid flow for theesRreEkOE1Qkdl REolOBRINEHAERRY 2R ¥ad I et o.
10.. . A surface controlled subsurface tubing supportéd well safety

val ve conprising: 20 the sectidns. tubul ar housi ng neans having a

| ongi tudi nal bore therethrough and neans.- on opposite-ends for connecting
~the housing neans in a well tubing string to forma portion thereof; b.

~val ve cl osure neans nounted in the housing 25 nmeans to
conte®dl fluBd flow thhoagfietyevalvegas defined in any one of the '

preceding claims further comprising:
a. a reduced outside diameter portion near the

lower end of the operator tube;. and

~ b. a plurality of flow channels in the housing
- 10 R B means adjécent'tq:the reduced outside
diaméter_portion to'partially define a fluid
flow path therebetween. |
9. ' A safety valve as definéd in any one of the
precéding'élaimé furthér comprising a'piurality of ports
15  extending through the upper end of fhe operator tube and
arranged to direct a cleahing fluid flow f&r the interior
N of_thé.?ousing.means édjacent'thereto. |
10. A sUrface controlled.sﬁbsurface tﬁbing'éupported
well éafefy valve-comprisiﬁg:' |
200 é}.' tubulér'hbusing'means having a longitudinal.-
:bore therethrough and meahs on opposite-endé
for conneéting the housing means in.a ﬁéll
'tubing stfing tq_fo:h é portion theredf;_
b. -valve cioSuré meénénmounted in the-housing
25 o means to ¢ont¥ol fluid flow througﬁ the

LT



| ongi tudi nal bore; c. t he val ve closure nmeans having a first position
whi ch alloms fluid flow through the |ongitudinal bore and a second position
5 whi ch bl ocks fluid flow therethrough; d. an operator %
tube in the housing neans to shift the valve closure neans fromits second
- position to its first position; e, t he operator tube having first and .
second 10 . _ p03|t|ons Zhi ch correspond respectively to the
first and second positions for t val ye closure neans; f.  piston neans °
for moving the operator tEBEQéﬁH Fge CF§Sure means to their first 15 &/
 position; g. meansf or thsbggvﬁhglg gLat a%gbg&glfé posi tion

to’l :

h. further neans for bringi ng"the va ve cl'osure nean s Second

~position; 20 o poértlohhﬁhﬁbﬁt8&1@%@”%1%&@ @@dMJﬁhfﬂ %)

partlally di sposed within a passageway offset fromthe Iongltudlnal ore;. .
and j. a bearing assenbigngatudgdadnbbiie enbied @ecdnd RRAREIGH Of tube
- between the piston 25 means and t he operator tube

bi a8 ng means wher eby thewbﬂeahl bjoekseftuyidi £dbat ehetrethriciighy means from

~any rotational forces generated by the operator tube biasing :

d. an operator tube in the housing means to | uﬁ
. shift the valve;closure-means-from its

second position to its first position;:

. e. the operator tube having first aod second o
10 I . . positions which_correspond respectivelf’to -¥e'
| the first and seoood positions for the valve
olosure means; .- | | | |
£ piston means for_movrng-the operator'tobe
‘and valve closure means to their first
15 S position;. |
g. means for'biasing-the“operator tube to its - |
second p031tlon,. | o |
h. further means for brlnglng the valve closure
means to its second position; .; - ' .';J-
20 _:.-' e i the.piston means inc;udihg a eingle.rod-

partially dispoeed.within a:paSSageway
offsettfrom_the longitudinal bore; and
3. _a-bearing assembly carried on the exterior
~of the operator tube between the piston
25 : | . meane and the.ooerator tube biasing meaosi
| : Whereby-the bearing assembl& isoiates the
_pistoo means from any rotational forcee

generated by the operator tube biasing
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30 neans; k. the operator tube biasing neans further conprising a first

‘Spring dlsposed on the exterior of, the operatlng tube between a 5

*first shoul der on-the oper at or > tube and ‘a shoul der on the interior of the

housing neans; |. - a toad.ring around é@e exterlor of -t he -operator tube

I nt er nedi at e the ends thereof; 10 m"  one end of the rod

jsecqrely engaged W th themgggg ring; n. - the load ring abutting the
eqri;ng assenbly; 0. means . f or transnmitting |ongitudinal force fromthe

pIS on neans via thekl.oad theNgpe@atdr tube biasing means tfigr@ngFator tube;
and p. .the neans for transmtting |ongitudinal force fromthe piston

~neans via the load ring toombelcﬁagaaoﬁi&s&es@&ﬂm@ﬂauspdseﬁﬂnnutmmoulder
on the exterior -of the 20. . operat or- tube and -a second -
'spring between the secondesheuhaerO£n¢hehepbwa¢imgn¢ubE1between/asafety
val ve as defined i.n claim 10 wherein the operator tube conprises: a. at -

'l eas? two sections concenfﬁFé&l§9°§ﬂﬂ&ﬁe9n2$he operator tube and @th the

~longitudinal bore; b. neaps f connectin acent_sections to each other
to facilitate Iongltudlnthoul er on the i te ior of the houszng

’ means;
ol. .a load rlng around the exterlot of the
ZoperatOr tupe;intermediate the ends thereof;e
| \_40 o | :m.._'one1end of:tne_roo securely engaged with the
| | | | load ring:; | B | |
n. the load ring abutting:the beafing assembly;
o. means fot transnitting Iongitudinal force
from the plston means via the load ring to
15 S the operator tube; .and
| p. the means for tranSmitting longitudinal
_force_fron'the.piston means via the load
fing to the operator'tube comprising a

second shoulder on the exterlor of the

\¥ZO - ' .~f5- operator tube and a second sprlng between
o the second shoulder-and the-load ring.
11..'_ ' A safety valve as deflned in claim 10 whereln the
' operator tube comprlses.
a. at least two sections COncentrically aligned
l25 : - o - w1th the longltudlnal bore;
| b.. means for connectlng adJacent sections to

each other to facilitate longltudlnal
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31 novenent within the |ongitudinal bore; and c. t he connecti ng neans
including a barrier to restrict” fluid fl ow -bgetween adj acent ends of the

. sections. 5 12 A safety valve as defined in claim 10 together
with claim11l mhereln t he connecting neans provi des the second shoul der. on
t he operator tube. 13. - A safety va&ye as deflned in any one of. clains
10 to 12 wherein the pi ston neans conprisSes:. 10 =~ . . a seal

assenbly di d within t od f thb
asse y di sposed within p,gvgﬁégage,lnq%q:h%eqlg may,%.ﬁoé&eé %o \.v‘

rod to forma slidable fluird barrier e passade seating
surfaces at each end gf thend5connecting means incﬂﬁﬂ%ﬁﬁﬁﬁwbhﬁﬁh@@ftoal|y

define limts for travel of the seal. assenbly therein; and c. mat chi ng
seating surfaces on the seabsazierblfgutid Edbmibdﬂwéehlaﬁjacenﬁwémdéfof
passageway when the seal . assenbly has 20. reached the
limt of its travel in eititbe gecégdonsn. 14. _ A safety val ve as

defined in claim13 wherein the seal assenbly conprises a plurality of
jplston rlngs to forma slldable f|UId barrier mnth the passageway.

5. 12 ‘A safety valve as’ defined in claim 10 together Ny
' w1th claim 11 wherein the connectlng means provides the |

second shoulder on. the operator tube.

g ' - 13. .- A'safetyhvalve as defined~in anf one of claims 10 j&*
; - ' to 12 whereln the plston means comprlses. |
i : 10 - f___ a.,a a seal assembly dlsposed within the
; - o ‘"passageway and secured to the other end of
i _ S ;-. the. rod to form a slldable fluid barrier in d__;_
' the passageway, - |
h. seatlng surfaces at each end of the
| 15 _ 2 S passageway to partlally deflne llmlts for
| | - travel of the seal assembly thereln,.and
'dc; dmatchlng seating surfaces on the seal -13 fg}

assembly_to form a fluid barrler with the.

.paSSageway when the seal'assembly has

20 o " reached the 11m1t of its travel in either
dlrectlon.
14. A safety valve as defined in claim 13 wherein the.

_seal assembly comprises a plurality of piston rings to form

a slidable fluid barrier with the passageway.

L




32 15. A safety valve as defined in claim13 or claim 14 wherein the
mat chi ng seating surfaces formnetal -to-netal seals when engaged with each.
6ther. 16. - A safety valve:as defined in any one of clains 10 to 15
wher gi nt he. operat-or tube further ‘conprises a plurality of flow nozzles
extendi ng through the upper -end of ‘the opger at or tube. " 17. . A safety
val ve, as defined in claim2 wherein a. ~a load ring is disposed on the.

ext eri or of140 As -~ the .at.gr stupe het i
shout"der t her eof and-theaggg?aYS%V?uE§ E?géﬁﬁg ﬁ%a%gagﬁdwgﬁgrgﬁaiéiIﬂﬁ%
pi ston nmeanshéBesrCcuhel MatbBaggdsehtinghauk@ddesi #8rmbmetalle R aRIt410
assenbly i.s carried on the 15 N - exterior of the operator:
t ube betweeseabhe Wbed engggeddwibh epehabeherube bi asi ng nmeans whereby.
| ongi tudi nal force fromthe operator tube biasing neans i's transmtted via
t he bearing assenbly and the load ring 20 - . to said first
shoul der of_{he operator tube, and c. the load ring abuts the bearing
assenbly tot@pply forReSpfehytVialpesesndaangdt énopRY ongeosf clpdmsedO ng
assenbly in_opposition, * S _ to a force fromthe biasing
'heahﬂ“appry?ﬁdﬁgdW%%r?bntﬁéeO?B%Fag?ﬁetBPesﬁFHtB§§eﬁBW9F1535 a.
plurality of flow nozzles extending through the upper end

of the operator tube.

17. A séféty;valVe as défined:in claim.zlwherein:
a. a load ring is éisposéd on the extgrior.of
10 | o ~ the opératpt-tube between a first shoulder
- thereof and the:opérator'tube biasing means -
and oné.gnd_qfithe piston means is sécufelj._
engaged with the load rihg,
b. - the bearing aSsembly'is-cafried on the
 15 “ S exterior of the operator tube befween the.
| load ring and the operatqt tube biasing
'\*g.' - : ._ means whe;eby_longitudinai.force from the
operator. tube biasing mgans*is transmitted
via'thé bearing assembly and the load finé
20 S . to said first shouldef of the operator tube,
| and E |
- c.  'the load ring abuts the bearing'ésSembly td‘
apply forcé frdm the piston méans to one.
side of. the bearinQQassémbLy in opposition.
25.1 _ o fo'alforce;from fhe biasing_meaﬁs appiying

force to the other side of said assembly;'
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33 whereby the bearing assenbly isolates the piston neans fromrotational

forces generated by the operator tube biasing neans. 5 18. The _
safety valve as defined in-claim17 further conprising: a. a second =
shoul der on the exterior of the operator tube; and b. .a spring between

the second shoul der and the 10 : | oad ring whereby the

‘said shoul der and said spring conprlse %%ans for transmtting. Iongltudlnal
force fromthe piston mean ad r.ing to the operator tuhe.

The safety valve as- deangﬁe 5%#1% eFﬁsﬁggiY SR ?ng meane
‘provi des the second shoul p g The safety
valve as defined in any oﬁggtgﬂ FE?#% &Eégﬁﬁé¥%ﬁh K operator t ube

conprises:. a.  at |east HUReFBELEOBY %&%@%ﬁ%lﬂ Yudtld Bk 4ty

r connecting adjacent sections

wi th the | ongitudinal “bore; b. means
_to each other to faC|I|tahgahgngitudinal'anenent ‘Wi thin the | ongi t udi nal
bore; and c. the connecting neans including a barrler to 34 restrict’
3f|UId fl ow bet ween adjacent ends of ' : . '
5 18. The safety valve as deflned in claim 17 ‘further ._HQ;
' comprising: ' | | '
a. a second shoulder on the exterior of the

operator tube, and
b.' a sprlng between the second shoulder and the  [
.10 — | “ load r1ng whereby the said shoulder and |
said spring oomprise means for transhitting
lohgitudinal'force'froo'the piston means via

" the load ring to the:operator tube.

19. * - The safety valve as defined in claim 18 wherein
15  the connecting,meaﬁS'provides the_seoond shoulder on the

‘operator tube. &

20. . The safety Valve'as-defined'in any one of claims
17 to:’ 19 whereln the operator tube comprlses.'

a. at least two sectlons concentrically allgned

20 o g 'w1th the longitudinal bore;
b. means for oonnectiﬁg_adjacent-sections to

each_other”to facilitate longitudinal
‘movement within the longitudinal bore; and -

c. the connecting means including a barrier to
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the sections. 21. A surface controlled subsurface t ubi ng supported
wel | safety val ve conprising: 5 . © .a.’ tubular housing neans
Ravi ng a | ongi tudi nal bore therethrough and ngans on opposite ends for
connecting the housing sreans in a well tubing string to forma portion

t hereof; b. val ve--cl osure means nount &# in the housing 10

nmeans, to control fluid flow through_the.l i tudi nal bore; t he val ve
cl oglf e means having a firsts gﬁé??ig uﬁﬂ'gﬂg“ ﬁﬁﬁgeFPuﬁgJPFﬁﬁttﬁPgﬁgﬁfthe
| ongr'tudi nal- bore and a s i n 15 : -~ which bl ocks
fluid flow therethrough; eggg ﬁ%g§%6¢%r bi'asi ng the valve closure means to
its second position; e. an operator. tube in the housing means to shift

t he val ve. cl osure nmeans fromits 20 second position to

its first @isition; fa suifEbéWEﬁﬁ%ﬁElié@esﬁﬁﬂuﬂﬂaééréﬁbﬁﬂe 866888 teq.
posi-ti ons which correspond respectively to the first and second p03|t|ons_;

for the valwedl|sssfiety neslvwe Admprising: . g. - neans for biasing the
operator tube to its second position conptising a first spring - .
dlspésed on-the -ext erd.or otubhlanJeres ing me&ls having a longitudinal

bore therethrough and means on opposite ends
for connecting the housing means in a well
tubing string to form a portion thereof*
K,/. _ . - uvalve closure means ‘mounted in the housing
10 | _,. : lmeans to control fluid flow through the
longitudinal bore; '
o._ the valve closure means'hauing a first
lposition'which allows fluid flow through the
| longitudinal bore and a second position a
15 - " which blocks fluid flow'therethrough;:
.d} means for biaSing-tbe uaive.olosure'means to.
| itS'secono.position{ R

e.. an operator tube in-tne_housing means to

/
~ "shift;the'valve'elosure means from its
'Zd - | o f'seeond_positiOn to its first position;
Zf:-f.the opetator tube having first and second
poSitions whiehjcofrespond tespeetively to*'
'the:first and-second_positions'for the valve
closure means; | N
.,25 . g. fmeans for biasing the operator tube to its

second pos1tion compriSing a first spring

disposed on the-exterior of the-operator
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tube between a shoulder on the interior of the housing nmeans and a first
shoul der on the operator tube;: h. pi ston neans for noving the operator
fube 5 and val ve closure neans to their first. position;
. t he. plStOﬂ reans including a single rod partially dlsposed within a
passageway offset fromthe Iongitudinal -bore; 10 . j. .aload
ring around the exterior of the- operatomglﬂxa|nterned|ate the ends t her eof
and one end of the single rod securely engaged with the load ring; k. a-
beari ng assenbly carri ed ombé hsetwseni arshbulder on the interioaf ofhe 54
operator tube between the load ring and the operator tube biasing neans; |
the load ring abutting thethednongingseesny andappEyrstr sbouidert oo pi ston

" nmeans to one side of the bearing assenbly and the biasing 20

nmeans applying force to theh®tPRerate® BRPEhe bearing assenbl y whereby the

‘bearing assenbly i sol ates the piston nmeans fromrotational forces. generated
by the operator tube 'bi asifig® ﬁ@%d@ea%% or moving thepperafor) &ubg | g

disp%§ed on the exterior gnérgéfggrm%géu egggmggPﬁﬁggFL?é%gngﬁrlﬁgr'

and the operator tube birasing negans Wwnere ong| L~
operator tube - position; . . . e
i. the'piston means including a single rod

partiaily dispesed_within'a passageway
offset from the iengitudinal bore; - | A\J-'
10 | ~j. a‘load ring.around.the exterior of the l |
operator tube interﬁediate.theleﬁds‘therébff
'- and one e‘nd'o'f the sin‘gie ro'&.’i"é_e'cui:eiy'
engaged with the load rlng“ Dok ISt
k. a bearlng assembly carrled on. ﬁ“““éﬁterior
15 o S of the operator tube between the load ring
_andﬁthemoperator tube blas;ngzmeans:
1. ~ the loaé.ringﬁabuttipg the bearihg.assembly_.
w.to apply-force from the pieton means to one ;
hw.s1de of the bearlng assembly and the b1a31ngff. o
.20 _ f_ means applylng force to the other. side of .
-the;pearing_assembly_whereby-the bearing
.assembly)isolatee.the_piston meaas from
rotational"forcesigeaerated by the operatef .
'tube b1asxng ﬁeans, |
25 '_: ' m.,'.the load rlng dlsposed on the exterlorlof
the'operator tube between_the first shoulder

and the operator tube biasing means whereby

longitudinal force from the operator tube

I




36 biasing neans is transmtted via the bearing assenbly and the | oad ring
to the first shoulder on the operator tube; and’'n. means for transmtting
dongitudinal force 5 - fromthe piston neans via the Ioad '
ring to the operator tube conpr|3|ng a second shoul der on the exterior of.
t'he operator tube and a second spring b% ween the second shoul der and the
| oad ring.- 10 . 22. A safety val've constructed and arranged for use

S Lot 0 A S L S
of F'QS 7.to 10. _ assembly and the load ring to the first
| shoulder on fhg operafo; fube; and
n. means for transmitting longitudinal force
5 R from the piston means via the 1déd-ringlto
o o the'operator tube cOmprising a-second |
shoulder on thé_exterior'of the operator
tube and a second spring betweén the seCond 

shoulder and the load ring.

10 22. A safety valve constructed and arranged for use
andioperation substantiélly aé described herein with
réference to Figs. 1 to 6 of the accompanying drawings'
alone or Figs. 1 to 6'togethef with ény of Figs. 7 to 10.
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