-1- 2079352 FLOW CONTROLLI NG APPARATUS Thi s i nventi on
relates generally to apparatus. which is adapted to, be connect\?\ﬂ&u?m}shl .
pi string for the purpose of contrefking the flow of fluid [

weldt\) I'n one of its aspects, it relates to inprove- 5 ments in apparatus
of & Is type known as a subsurface safety. val ve which opens and cl oses a -(:
tubgﬂg string in order to control the’flow of oil or gas to be produced

fro he well. In another of its aspects,.it relates to inprovenents in
apparatus of this type which includes 10 what is known as a side pocket
mandrel in which a tool may be | anded by wre line or other neans.
Subsurface safety valves are of either the tubing nmounted or wire |ine
retrievable type. Tubing nmounted val ves are often preferred because, when
open, .15 they provide a full opening through the tubing to permt wre

| i ne operations bel ow the val ve. However, since the closure nenber is
nmounted in the tubing string, the parts for operating it, and particularly
their dynam c seals, may not be retrieved for replacenent or repair 20

wi t hout pulling the tubingngﬁigggTFﬁE&&gﬁggﬁglﬁifdgmeretrievable val ves
of this type are often pre ﬂey—é%—perﬂit t he cl osure nmenber
and its oper- ating parts to be retrieved, they neverthel ess obstruct the

tubing bore so that theyp,fusnkantedhy edllatdie dlderdlly €S/dpharabag |ine
operations beneath the valve. In a typical subsurface safety valve of the

t ubi ng nount edhigheis: adapredyte Renisonneghed, it skl BiRR FEHING bal |

havi nﬁ a L hr oggh ﬁnét'pu'rgogégeﬁ conlt%omg.\t@" chd (ﬁﬁﬂv n?zsiﬂ@m hyn%ahsﬁri Rgl .
or other bi.as] nmeans. Under narimal_ _conditions,. the closure nenber is he
open by cont r BRErPREH - wnBnoPE Sl mted s S (2t ShUrR et BT PRe
subsurfage | emeht!shinugppari::us odndhiils eyipen knuynd avsvear sihlyswt Saget he
tubing. In tggfety valve which opens and closes a tubing string in

order to control the flow of oil or gas to be produced
from the well. In another of its aspects, it relates to
improvements in apparatus of this type which includes

10 what is known as a side pocket mandrel in which a tool
may be landed by wire line or other méags.

Subsurface safety valves are of either the
tubing mounted or wire line retrievable type. Tubing
mounted valves are often preferred because, when open,

15 they provide a full opening through the tubing to permit
wire line opérations below the valve. However, since
the closure member is mounted in the tubing string, the
parts for operating it, and particularly their dynamic
seals, may not be retrieved for replacement or repair

20 without pulling the tubing string. Although wire line
retrievable valves of this type are often preferred
because they do permit the closure member and its oper-
ating parts to be retrieved, they nevertheless obstruct
the tubing bore so that they must be removed to permit

25 certain wire line operations beneath the wvalve.

In a typical subsurface safety valve of the-
tubing mounted type, the closure member, which may be a
flapper or a ball having a through port, is urged



event of an abnornmal condition, such as shearing of the tubing and control @
fluid cgnduit above the valve, whereby the f<«@<e hol ding the closure nenber

in open position is lost, the spring automatically noves the 10 cl osure
menber to closed position, and in this sense the valve fails closed. Wen

the -val ve cl oses, tubing pressure bengath it is effective over the |ower

side of the entire q{o&%ﬁ éalc@%séao%gi%i & Gpig (e JH&E ﬂ’@sfﬁe

control 15 fluid one=si de of "a piston to operate

cl osure menber, is &fRsed Bipdexr aiumale|Gendirgonsr ddha FiRTire Henkey e
closed. Consequentlys W1Eogdn WY oz R! Hu i@ véh TBaNSs WS 1édli £om

connects the tubing above a bel ow the closure nenper, and thys 20

equal i zes- pressure t%é%tgs"s,s%ﬁ%q &he 54 ‘?’%’r%ﬁﬁus‘]ee‘f%l t'ﬁé‘%‘lﬁ}bl? of
control fluid & a Worshiite extddrdimntddwnwardliyntslomy ettt ubindie (it ehe
in a direction to opentheeéslosurerre h

r. Thus, the farce necessary t
open the val ve need ST t%ta}?aﬂ'i“”} FY Jt);?/’ecfrt'on%u(f &55° eaﬁ”é%s?]fe of
fluid within the tultheg taddimg anderedriteral hEkuisd deorduithalpowe othe Arabig ect
of this invention ig,t ngv' ' t 1.'{(@]1[1.19
advant ages of both 3%“5% umi r%tgesm%rﬁ%%ﬁggnfﬁﬁ%sﬁfe&r |%Ley?e rl eé\;%l:ﬁ éé‘%’é
30 w t hout the dipmabtiomdss loistei tthe sprindautengticaliy moves | the
openi ng ther ety oug |l W dd LA L ain | €26 S&NEeand
preferably al Iﬂ{)f thmel%%yr eg ’?%‘Eb‘%}riu ngééf %%%Br e’ nﬁernt%e
retrieved and repai riéhe orakes faides G881 pul ling the entire tubing 35

string. -3- This and ot her i GiKe aF£1179E TGRS CEubiny AFESEAPE EbBhéath
the illustrated enbodi npnteré)é? t h_e‘éépresent I nvention, g%x‘?gs surface safety

val ve having a nmandridt i t (I O WS &K e enting 2Fed
to be' substantially cf i tcloddrd embers s that the force due to control

15 fluid, which acts over one side of a piston to operate
the closure member, is opposed by a relatively large
force holding the valve closed. Consequently, valves
of this type also have means which fluidly connects the
tubing above and below the closure memﬁer, and thus

20 equalizes pressure thereacross, automatically in response
to the supply of control f£luid at a pressure sufficient
to initiate movement of the piston in a directioh to open
the closure member. Thus, the force necessary to open
the valve need only be that required to overcome the

25 pressure of fluid within the tubing acting over the other

' side of the piston. '

An object of this invention is to provide a
subsurface safety valye which has the advantages of both
the tubing mounted and the wire line retrievable type,

30 without the disadvantages of either, in that it provides
a full opening therethrough, while, at the same time,
permitting at least some and preferably all of the parts
for operating the closure member to be retrieved and
repaired or replaced without pulling the entire tubing

35 string. B

~



% tubing string when the mandrel is connected as parnt of the string, and a
Y\¢l osure nmenber which is mounted wit3d n the mandrel for novenent betwegn
posi tions open- ing and closing the bore, and-which, as in valves of 10
this type, is yieldably urged to its closed position. - The valve al so
includes a tool which is adapteed to be noved vertically through'the tubing

string i.nto and out f . a 0 | L8 t bore to
permt it to be -l angég%w%r?%ggr?&h e%&?é%eo%%#gnp?&%eoé oCKet. More \J
parti cul arlcgordascei sidh fthe didustinarathemhatimentrmfbathe s-carried by the
tool and L3e@ARORHVERLISO,NS ?@%ﬁrﬁwrﬁféﬂgﬁ%f@rﬁﬁﬁgom a renote
sour ce, en the tool is llanded in the pocket, for npving the Tlosure
nmenber t o2oPaRdzedi piigh apdpore therethrough whose &eks alB and il | ustrat ed

- enbogi Menhdabtiede tio BN iubstaRAaRT 150 MY idre® WA WHe aididE the tool and
mandrel are §§§V|de f.or fluidly connecting the mandrel bore above and

bel ow t he 3 F4P3RE ﬁgﬁt}@g yhen é‘lﬁ?ﬂgﬁ%%ﬁ SUREL R RBE when the
clhosureI n&ﬁ&bcﬁ&&trilnigs @Ir@@l.clﬁ\ﬁrm dmw_ "e)_mllv&ﬁldqh i \wourecg®@ans wit hin
the too | nQt mal | ses . the conduyi ts s adapted to open

aut omat i cHH 1%% sB\%’ggeﬁo?%e'“ﬁ'fgﬁf&o}‘bec%"rﬁ%I‘%?’%’O‘”ﬁ FRPT to nove

t he pi st oinign aaddiclestingn the deere,t end hdsighe, eenbior .valuwess @& in prior

val ygs of IS s ' | : : £l osure nenber
o A8l £, s 1ol Wl Ly Wil R S LR mde ok LY Wtk &
m ni num ofheoved veaalisg dnclndes a Hoeaboth¥eh hadartrf tbe ke osure nmenber
i ncl udes ﬁo@%@?@i‘t‘i@al‘gﬁgfkﬂﬁmﬁjﬂﬂé 3!.5.1bin# {&meinté U@ yuth said

pocket a control fluid nber :Havi ng one wa conpri ses one' side of

the pi st o¥bEhOPRT &nde §foRsiBREKEF Phiang §3dg PF thaikpere ta. chanber to
nove the pegini® it &Re bd Nemided) “itHiReor hee it ied® fRdiethe and an

?ﬁpgﬁlet © Sélo%?ce?:f. ! gl%zpel Sﬁ}a%mi%%lr]a%fye,s% neSII:\:/ieséé)nt gr pégesrsgéfngqf wel 1 flurd

the closure member is ‘carried by the tool and is
responsive to the supply of control fluid thereto from
a remote source, when the tool is landed in the pocket,
for moving the closure member to open position.

20 In the preferred and illustrated embodiment
of the invention, means comprising conduits within the
tool and mandrel are provided for f£luidly connecting the
mandrel bore above and below the closure member so as
to equalize pressure thereacross when the closure member

25 is closed. More particularly, a valve means within the
tool which normally closes the conduits is adaéte& to
open automatically in response to  the supply of control
fluid in order to move the piston in a direction to
open the closure member. Thus, as in prior valves of

30 this type, well tubing pressure across the closure member
is equalized so as to enable the piston to open the
closure member with a minimum of force.

As illustrated, the tool for operating the
closure member includes a body which; when landed in

35 the pocket, forms with said pocket a control fluid
chamber having one wall which comprises one side of the
piston which is responsive to control £fluid in said



bore of the mandrel -for urging it in the opposite 5 - direction to permt
the cl ogure nmenber to. be closed. Thus, the nmans for supplying control
fluid td the tool includes a port in the mandrel connecting with the pocket
so Yhat control fluid may be supplied fromthe renote-source to the control
fl uird~ chanber. 10 Si de pocket mandrels are normally fornmed of

a pair of side-by-si ubul, ar ' of Mwhich s the throu h bor
forted therein and Fg’@"‘%’ﬁ*ett 01’“% 36‘%5’&% o dﬁ‘cl?é’te A9 P tphe
sidé of the bored meliosturies membeal,| arsl @in epposite side q@rﬁheorp:m‘ton s 15

l ength to receive 0%%&;"%\% g‘gg_vgt hey tﬁ.}@g}% gﬁ%{%%rf 13 AR S the

assenbl ed, the nenbers to one an wever, 1t may be
desirable to formt hereuipf ithe manaimtleeﬁommngm dini rﬁmestqnmsur@ may be

upset by wel di | lar fqﬁrg)

themto such aﬁgexflg%?’etd&toq% %ygare m sa R Kt%gm S %Tééﬂie
through bore and pollds: rt@%éleaél?oiofntﬁuéﬂﬂ %zﬂq Wighdo the tool
applications, such a&dlm@ewtaswd‘:e&@msaﬂﬁ Ynafdred m&q Ivbm L

sub- stantial axial msali mant coul d fere with the 2 cessar
cooperation bet weenpt%i‘test éi%?d"qqheg% maY AR SHRRlisd €‘639< gl t
:cs. t her eLor ef anot he;remmtg:}sdﬁrdéﬁltﬁ;hluneaf lrcoriﬁ:ml_ tﬁni?rmwmn&mh a nmandr el

or a su sur e safety val ve ot her, C rollin rat u
does 30 cOrequ'i re wel di n&qdfm? cr]ﬁﬁteg%aﬁb‘%nﬁlﬁzaﬁq q‘?ﬁgagela off”"me‘f of a
struction per mts beain lkof Eide-doyd-gilde fothdiar ondmbershiorsl ofh whixknas
piece to thereby as e vl Ig%gga
acconpl i shed, in 35%illre accor éﬁcﬁvﬁ ?ﬁi qﬁ ]'J%i atﬂgﬁj tﬁr%o§§ nl-g%t'e& g’f}ﬂ{e
-5- invention, by aha# &hes peckete figpmedidhanaidy wiktheisideofuhe dored
means at its opposi hRn®eas ifsOhdrar1 1L F1idtdd o d wfa A o 1169

and a bore thgme-
5 length to receive one side of the other tubular member,
and, when so assembled, the members are welded to one
another. However, it may be desirable to form the tub-

ing of a steel whose crystaline structure may be upset
by welding. Also, welding of the tubular members nay
- 20 distort them to such an extent that they are misaligned
e.g., the axis of the through bore and pocket are not
substantially parallel. In some applications, such as
- the subsurface safety valve above described, this sub-
: stantial axial misalignment could interfere with the
25 necessary cooperation between parts movable along the
axes of the bore and pocket. .
It is therefore another object of this inven-
-tion to provide such a mandrel for a subsurface safety
valve or other flow contfblling apparatus which does
30 not .require welding, and, more specifically, whose con-
struction. pezmits both the bore and the pocket to be
machined in a single piece ‘to thereby assure their
axial alignment. ,
This and other objects are accomplished, in

35 accordance with the illustrated embodiment of the

0%



ng when the nandrél is so connected, the nmandrel having a portiong

rmedi ate its ends whose outer dianeter is-eccentric to the axis of its
bore, and the bore being adapted td be opened and cl osed by neans of a *
cl osur*e nenber nounted within the 10+  nmandrel and yieldably urged to -
cl osed position. Means including a control fluid chanber is forned mﬁtg%g
the thickened wall of the internedi ate porti-on of the mandrel to one si

of the boidveatien, Ry @RPaxada\f ofinthisetyre drscyided ivhexein esponse to
the suppl ¥hef madiredl Halslimbals at liGs Wpbddid® andANtbiBads- i S provi ded
for supplying.control fluid froma renote source to the piston. Conse-
quent |y, %ﬁ B9dvhu A PR .&foﬁg:%%,s?”ﬂé‘ & DOFR I RRBFR t he parts
from \Ahihchhh'buigsx tadra;ttreactulw%ber _ésézhsﬂarrgnﬁmwvlea_xﬂdqmd Rﬁith the . _ghe
means t hr C . | ' supplded to the contro ui
chanber i %%g%dgg a%ceo(r?#gd’&g[ thr'#nt ﬁﬁtﬂ%@d W ge o‘?mV}F‘ec*rF'a‘%ﬂr el to one
si de of t lkbhecoandyelf havinghanipeortdoh dorbeamiedipte tits gmds | eading to the .
control flmid.C q:Breherahl y, %#Ei ' it.4.0 the mandrel through
whi ch wel Iw"lpgﬁl 9% r?mdtlhe- bt%rrgq.'o e rr‘élr:\itﬁ éiocg{g%lea%ﬁl%]hoef]@r%%ure menber is
suppl i ed borehe adgntthe bong dedivshiadapted ederrapenaed andiuit in the

thi ckened caglsledObyt kR aMYela (A ddif @Eﬂ(?&be .éf-%lﬁ{tcﬁé‘%ftﬁﬁxf]q%rhél urd

chapber. It is al5o contem _30 pl at I n accordance wt e preferfed
andifl | usPeREEE e ARG Vi@Idadin mrded, &t ickpsadhosition andieans conduit be

formed inihbeudinekacedntdldl EFvilee oy i fBned WL gOftd NuUation of

the first-nentioned cqnduit to permt control fluid to be supplied to parts
beneat h 3§H§'° Re F’@g{i’r@‘} Antermediahe, PR Rf cthe fRande_l an out er

body wi t htopenengidehofughe boredfor asrimy\the disosure e £ ear e
ConneCtedobgnaﬁbgktibhgqg?Qkégéﬂkélegﬂéhénéﬁiply of control fluid
15 to such chamber, and means is provided for supplying
control fluid from a remote source to the piston. Conse-

through adapted to be substantially aligned with the 5 . -axis of the
4£$2
i

quently, in the manufacture of the valve, the mandrel,
including the parts from which it is constructed, re-
quires no welding.
20 The means through which control fluid may be
' supplied to the control £fluid chamber includes a con-
duit in the thickened wall of the mandrel to one side of
the control fluid chamber and connecting with a port
leading to the control fluid chamber. Preferably, the
25 conduit- in the mandrel through which well fluid from
" the bore of the mandrel beneath the closure member is
supplied to the control fluid chamber inclundes another
conduit in the thickened wall of the mandrel to the other
, side of the control fluid chamber. It is also contenm-
30 plated, in accordance with the preferred and illustrated
enmbodiment of the invention, that still another conduit
be formed in the thickneed wall of the mandrel to pro-
vide a continuation of the fitstementioned conduit to
permit control fluid to be supplied to parts beneath
35 the closure member. _ '
Preferably, the mandrel includes an outer
body with openings tﬁfough its upper and lower ends



string and an internedi ate section having an inner, radially enlarged @
di ameteg which'is eccentric to the axes of it end openings, and an inner

body which fits 5 within the:inner dianeter of the internediate section

of the body. Mre particularly, the inner body has a bore :

t heret hrough. which-is aligned with the axes of the end openings, an , '
pocgﬁf whi ch is Tor BHEIhaRs Fampestediife ac?fl"‘l]hé’eat?tﬁrg“‘?é)? H".’l_‘%fsaa‘ﬁ pipe
paratiel to the axi stHfin and tdie Mtermeddrtse pedtion didvying dakaimnes,

provi ded for threade

dl ). gannect.d ng the.dnner bady. i,n a fixed vertigcal
position within the r&ﬁ&@&qgocﬁplatﬁﬁé]mefhegr é’%e‘f’he’gs c%%%%%‘fﬁbén %cgti\:/\%een
t he bodi es, The uppexenddfitshenbamEniopess and tdare imer feldntwhbelrt fips
of the outer 1 ts : ' Yo Ol 44 O :
retrieved from%a I-a%&?%ﬁs‘% |olr¥Hvl\ﬁ hi'n™ %élgoécﬁgi%hg%n as rr%%hé% %%%ﬁl?%ec’f
bore and pocket are the edy.n tMare martisibarliacHihe ninrar hiedy resa ibore
sinplified. In the qiawdi3soddif Wit |8 dBIHEDGRL N ne ies SELEES &

used throughout to designate ITke parts;, Figs, 1A and 1B are vertical
sectional views of tGRETURES, ARA IHRACKRY Wik F2iRENed ctherein ote gpe
surface safety val vesigagf Ui bdre AFEH diths Caii ¢ pd el TS ESEdt thed vk & OBE |
with the operating tqol .thereof bei ?F?a%%t shown as it is,|owered t(g-r ugh
the bore of tH® uppd™HAWESem MRS cyfarlyy PRATS i b7 RFYRHIRS fo

pocket to one side afhdduddidlye;cdrimpcting the cinnen bodetimnal fikedv vértbeal

| ower portion of the toqls  siml.ar t.g Fi - W t 39 R i pg
tool |anded w thin &?}%S%p?ol&rétﬁﬁfg%.%andt% %é) .'c\r,%é‘gs- s%g JI'%JH%.? %l'gé/\g&%ﬁ
an internedi ate portdannegtidne hetween the bodieger Theluppencend cfecbhe
along broken lines 35530 s PEEtd s L QS5 - B;

Figs. 4A, 4B, 4C an _°4D ar g:g/%g}st ﬁgéal_%ct | o%n%iﬁé??f%% %#8%%?%;&%%2&6%8?%%&
mandrel from it% upfad% #£9 tthath e QREraFing el Jaay by Banfintgsangd and

3A, and as seen al ong#¥kad | f1es £/ 8 nded oS €dh obithin She pocket.
bnasmuch as both the bore and pocket are formed in the
inner body, machining of such bores is simplified.
. | In the drawings, wherein like reference char-

20 acters are used throughout to designate like parts:

Figs. 1A and 1B are vertical sectional views
of the upper and lower portions, respectively, of a sub-
surface safety valve constructed in accordancé with the
present'invention,_With the operating tool thereof being

25 shown as it is lowered through the bore of the upper
portion into or out of landed position within a pocket
to one side of the bore; '

' PFig. 2 is a vertical sectional view of the lower
portion of the tool, simi1ar to Fig. 1B, but with the

30 operating tool landed within the pocket;

' _ | Figs. 3 'and 3A are cross-sectional views of an
intermediate portion of the mandrel, on a larger scale,

" and as seen along broken lines 3--3 and 3A--33,
respectively, of Figs. 1A and 1B;

35 ' Figs. 4A, 4B, 4C and 4D are vertical sectional
views of. portions of the mandrel from its upper to its
lower end, on the larger scale of Figs. 3 and 3A, and as
seen along broken lines 4A,B,C,D--4A,B,C,D of Fig. 3;



Figs. SA, 5B, 5C and 5D are vertical sectional «wiews ‘of portions of the
drel fromits upper to its |owe7-end, 'simlar to Figs. 4A, 4B, 4Cand

, but as seen along broken lines 5-A B, C D*-5A B CDof Fig. 3; 5

Figs. 6A, 6B.and 6C are partial vertical, sectional views sinmlar to but on
a | arger scal e t hanFikiggs. 534, 5BB, 58Caadd Smamwenttﬂcalhesemﬂrm'talng t odl -

| anded W Lhblle! B2 BAEKTEAYT e Rl al’ £l 49l el b I PNOther

partial ver 0 I‘ew of internmne | ohs of the
mandr el ahaweNeevder simidarodo, Fllﬂtser 4dot &8 ,aldéh@nchdll, |Ravytass, and with

the pistogegh: E&@n@pﬁﬁkbﬁg ltl?@'s @QAeBdQ‘.d ﬂ-o-SlAO‘BerC D e@GNat of, i nto

engagement with t cl osure and t’ equal I Zi ng val ve noved to. open
posi Bi on; and 15 F:Lgs. 6a, 5F3| 5“685icsa§ﬁ Pariidlhdeddiqdlsl verti cal

tsectlonalt ﬁébe\lﬂon&umléﬁest elﬁlg.aﬂmtoﬁ%?ﬁwétﬂatﬂg@r @e:ltaa_réslafargf t]be ItOIh ston
0 open e cl osure r W e zing val ve noved a further :
di st ance f39 Fec?’%s Sgﬁggg B@ﬁ% g’ll?d nd Wé'tg’ogz?’reo P&%‘éﬂ"ﬂé”r WAk n 20 t he
gperatl nglhﬁdéd WthlneftheemkWNotEOtﬁiﬁandﬁdré]s off tte tfthm/e ‘descri bed .
raw ngs, the overa valv . 1A 1B an
2 to include a mamdkj‘t'eL l7 g‘ap%ﬁ%g?’ %a‘i}%& tv[%da{'sc%p coq"f 'string
(nol025 vieWows) lammednngeapmmm tdferté'tehﬂmigire/hmd tle=n the mandr el
IS so congsg g@ingstgé%al lelggy&%%ggm:a n#]e%rrﬂéa;' rellsé M val ve al so

i ncl udes a"cl osur novenent bet ween

posi ti onsWéBnthe RAGtenostnhFhehorezating taed @”i*&ﬂdeﬂ fe lowexs0 in:
oper at i ngthaea&&haeo%gatba%%gleﬁe%w%@i the YLlddi-dBdidy [ 0 one side

of the bore, as shown_i,n Fig previ-ously descrjbed, the well string
will, as énGe‘n'BFanPéIlénB@ f"ﬁé"ﬁjW@dstttq P BRsidkanoradi | or gas

wel ks and the mandrgllgwl I8l ilge sadlicenothss Wﬁtxﬁ vexfiddle tubing string -
at just bela mud | evel,

cl osur e mgﬁﬁgfl-oggll vigwy, g&ﬂzé.rlawmt%ﬂ@fg ﬁ crl q.;d | n ﬁ!ﬂh to follow the

extension of the piston to open the closure member,
and with the equalizing valve moved a further distance

to reclose the upper end of the control chamber within
20 the operating tool. ' '
‘ With reference now to the details of the above-
described drawings, the overall valve is shown diagram-
matically in Figs. 1A, 1B and 2 to include a mandrel M
adapted to be connected as part of a well string (not
25 shown) and having a bore 20 therethrough which, when
the mandrel is so connected, is axlally aligned w1th the
well string. The. valve also 1nc1udes a closure member
23 mounted in the mandrel for movement between positions
opening and closing the bore Zb, and a tool' T for use
30 in operating the valye when landed in a pocket 22 of
the mandrel to one side of the bore, as shown in Fig. 2.
As previously described, the well string will, as a
~general rule,.be'the tubing string of an effshqre cil
or gas well, and the mandrel will be connected as part
35 of the tubing string at just below the mud level.
' As will be described in detail to follow, the
‘closure member 23 is a flapper which is normally closed,



but whi ch, when noved to ,open position, as showmn in Fig. 8, provides a f@
openi ng t hrough the hore of the mandrel and the tubing string to permt
wire line opera- tions below the valve. Theé Upper end of the pocket 22 5

i s*open,- so that, in the event one or nore parts of the operating tool, and
especially the dynam c seals thereof, require replacenent or repair, the

tool need only be retrieved fromthe pocket 22, and then, when recondi -

ti onéd, run back t hibmtghhioh bohemnimaves tindRsin ipasiticon, dsshawposttion

wi t.hin the pocket, &l i a%ﬁﬂcg HUE t.d | | .
procedures. The rran?rlé" Ir&'i c tﬁ'es argmo%t}{lelg%ﬁliﬂgmﬁ%?r?sé?&a eofjep %?the
sections connected mandrek anchdhe tibing sExing e R aiT®Weine opera-

sections 25A and 25R;okis belcRPRA ifive . hamidiGipperldng £ anesl wodket 22
openings form ing the upper and_| ower, ends of the bore 20, an

d
i nternmedi ate sécti o@%ﬁg iRy et nddt RSt #Re Py §“9%%Ii%€’r%s of the
c to

enl arged and eccentrl ¥he #oals, aind h;spmfh,amqr\lﬂgs dynadribc UpgEl s atitereof,

I ti . Th drel 20 I ' ' ' dy 26 '
outer d ametor uhi FRNAL SRRAGPRITY (P4 RSRar et T9ed R Tppe

portion of the intenreadtizwed fron iy meket225Gndinthen porken eecomd bugh

which is axially ali it ' ; 1 Iy ti - Of t
body to forma 25 ﬁcrlg‘n a|I\'Anua [ %%%%.%bﬁ%ﬁfﬁg %%%%2%&%?
the mandrel iSO or nddrided positiion pokkhin the pocketi all baraceendance
eccentrically of th%i’lﬁ{‘c&ﬁ{v%f’ifor?& WH¥e VR NE PRisEdPFesONPri Ses a tube

28 which is axially reciprocable wthin the | ower_portion of the

30 ]
intermedi ate section of the ofihg WanAret MotRCLIUGRS 3R OPELEHWPPRYe? S bych
26, between an upperiPaiddnud bHSsedBicieg conneédtadi D ¢hd-tovendepdlation,

Goun var dl y br ougit e WisPbex pubelouet 3ortEone 11AER 2550 1o one
side of the sgad . Iredgectivdlye, owing caxialky aligned end openings form-
ing the ﬁpper and lower ends of the bore 20, and an
intermediate section 25C having an inner diameter which
" is radially enlarged and eccentric to the axes of the
end openings in the upper and lower sections. The mandrel
20 also comprisesnan inner body 26 having an outer diameter
which fits closely.within the inner diameter of the upper
portion of the intermediate inner body section 25C, and
a bore therethrough which is axially aligned with the
upper and lower sections of the outer body to form a
25 continuation of bore 20. As shown, the pocket 22 of the
mandrel is formed in the inner body to one side of its
bore and thus eccentrically of the mandrel bore 20.
| ' The valve actuator comprises a tube 28 which is
axially reciprocable within the lower portion of the
30 intermediate-sectioh of the outer mandrel body, and thus
below inner body 26, between an upper postion (Figs. 1B
"and 2) in which its lower end is above the £lapper 23,
and a lower positioh (Fig. 8) in which it extends down-
- wardly through the seat to open and hold the flapper
35 to one side of the seat. In this latter position, the



tube provides a substantially snooth continuatipon of the bore through
| ower section 25C of the outer_.gmndrel body. A coil-spring 29 is
gposed within the space 5 = between the actuator tube 28 and the .
ternedi ate section 25C of the outer mandrel body, with the upper end of
the spring engaging a ring 31 carried by the tube 28 and its tower end a-

ri ng olr inubar El?ﬁwrat @d:mmlww‘h (tfmbdapidmts:lmd' tidn £ tmeAgutﬁr_u
mandr e S tq urge theitu it s upper, position. shown
in Fig. 2,9’°Me ?’#?é’gg‘pg:?’ft ﬁ-r?é’e?‘oo‘ieceﬁ?'leza%e‘# A ST ’%"’f’b‘i‘*‘p’ocket 22,
its | ower bedg.i s di sposed just. above the ring 31 on the actuator tube so
that when a piston i,s tye { far dJ ﬁ&pqﬁﬁﬁ i t 5 :
pressure, it wll mz)ive,t J'e%%%é‘%?vﬁvﬁf%ﬁé{]al ns lerpf%l?égegﬁéc%he spring
29 i B or dbetweespdhe Betyiadon dubheniZf andrithe|internediatext endi ng t he

pi ston, agdclhdh 2B Jf Mhd %ﬁé;owﬁfw%ay)zaﬂmpmﬂ@%é@ef pressure

responsive area of the piston wthin a contro}l . éwessu e chanber of
the tool ERAoGEhtRe FRFING BNIAGINE -2 iHHRH ot AN 129 ki Bheui t abl e source

?th th_edSUIthﬁEetzrso _?ﬁl@qrtts a%?ve(ggiAem_a Jét3)rﬂﬁ§ tddp cf&m&:.eb({\m &fw&cts \évit]b

e side pocket. us,., rt, in-the rel connects the |lower end o
the conquPh S8 HEPRISLYHRCHRG EAGH AT 53 the SHHRE ARG, o0l T

i nt goredi dodyt ko lagwtio pagje itdre Athkanctollits aspeat ipedtiabout the body of
the tool. ., As.,al so.prewxious]y described, a. ns ls prp-.vided. for

equal i zi n§St ﬁgoﬁ'lneg'ghﬁ"é‘gdf iﬂel‘&’eﬂ ik ﬁ%ﬁfearg b%?%gvfhles cf%’é%%‘?f | apper -in
response wdthiia sheplsidef pdcket @ ricts flawelk tend hiss cdigposed hanber of the
operating. I SSU ich initi _ i n for

| ower i ng Ph%%ac# tt?é’t% o%rht%u%leh%\g%égr}' t’ﬂ{lés %ﬁ%é%/e%% . h%é %%%%E‘i”t%§3 ext ends
within the pdstoal itso exhenssd ttherefimmelithorespensatto téenttabed f | apper

35 15 Wt Br@s%%%ﬁ% éﬁiﬂ- ér?g?eairﬁxé &R el hvd SR Wod Shdbecpacket 22

above the por . A port. -
orce of the spring 29 in order to open the closure

member. Control fluid for extending the piston, and
thus operating the closure member, is supplied to a
pressure responsive area of the piston within a control
20 pressure chamber of the topl_through:a conduit 32 extend-
'ing downwardly from a suitable source at the surface to
a port 32A (Fig. 1B) in the mandrel which connects with
the side pocket. - ThusL port 32A in the mandrel connects
the lower end of the conduit 32 with a port 32B (Fig. 2)
25 in the landed tool T intermediate the lower packings 40
and 41, respectively, about the body of the tool. .

As also previously described, a means is pro-
vided for equalizing the pressure of well fluid above and
below the closed flapper in response to the supply of

30 control fluid to the control chamber of the operating
tool at a pressure which initiates movement of the
piston for lowering the actuator tube 28. For this
purpose, another éondﬁit 33 extends within the mandrel
to connect the mandrel bore beneath the closed flapper

35 with a port 33A (Fig. lA) in the mandrel leading to
the pocket 22 above the port 32A. A port 332 and



-10- slots 33B are fornmed in the tool body internedi ate upper and e
i nternmedi ate packings 42 and 40, respectively, thereabout so as to direct >
wel | flfuid fromthe tubing below the flapper 1%io an annul ar conduit wthin™>~-

the 5 tool. The upper end of the | atter conduit is in turn connected to :

‘a port 33Cin the tq I
- The conduit in the tsg" e,gl]sf:"tr?or%eld osed‘rﬂté)gl:}"gH gl'cfjapt OJbe %ﬂg%%dé‘gge&pper
valNe nmeans in the tans mntemmedlatﬁqnﬂﬁk;QQﬁ(ﬂﬁnanﬂ 4¢Lu¥?$?ﬁ¢¢mﬁ%hhtro

chamber as the pi st Qihd edBNAd PVUWS | §1ddet SAPONSEIU{E! St dm LN @PERG NY
of the equalizing valve, well fluid beneath the fla {;EH flows thrqhgh t he

‘exterior conduit 33belckithe£laRPen ANt ARIiFNIVAFF (SR

.man;jrel 1f5 aove ﬁd?ﬂbr | arHee ruppes éHcEthf)llfﬁd Iblswéf t:i' bﬁﬁhdﬁiﬂt si£qiml turn

i zation of pressure ena xi e ur r

control T1urd in or Gemhas s & b Heh i€ 4 e, o v cfaeigaei?eh% the

t hrough the seat 22mandnﬂljbduefdhqunwthe1fmnppgmmltlon

The upper end of tool T is speﬁ{éal% :ﬂie@a{r? é){ggfl e ﬂgﬁﬁg@fﬂ%@é&%ﬂt

of.a suitable wire line run- nin orexanple
type shown in U S. adapted N9 18381!5911@1) by TWelv®rreass ofn ninelr bdoM i8

prepared to coy eratx%(él’iﬁcc[(&%r&?orémaé&tf’ﬂhrdzﬁ; thél%éﬁlgrél'”éhékﬂba% khe

operating tool T, e operatin over Into a position above the
upper end of the pocihe P%ﬁtorhllt%rm¢ downwrrdhy bR reseownset BRerspkPat i ng

t ool hT fromt hg ]POClif‘ﬁon tdpdt g tde %Q@'c?]@i/@:l[;}.émg’ wﬁr@ﬁtml?_ei Priea BeHSath
as shown |n an or rpose | C W a ar en ro

hotont o 3 741 Sodthe relarges Mifouin ons SRPSLERE (onhtt 33 as
the upper section 25X ddecHattsolradshiid@hiboilytd sthappesee of BHeanandasla
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1zatlon of pressure enables the piston to extend further

in response to control fluid in order to move the
flapper to open position and extend through the seat 22
to hold the flapper in open .position.

20 The upper end of tool T is specially prepared
to receive releasable parts of a suitable wire line run-
ning tool, which, for example, may be of a type shown
in U. S. Patent No. 3,827,490. Thé bore 20 of mandrel

"M is prepared to cooperate with the running tool,

25 during running of the operating tool T, to kick the
operating tool over into a position above the upper end
of the pocket, or, alternatively, during pulling of
the operating tool T from the pocket, to kick the tool
over into the mandrel bore. Thus, as shown in and for a

30 purpose which will be apparent from U. S. Patent No.

| 3,741,299, the lower end of an eccentrically formed
portion of the upper section 25A of the outer mandrel
body is tapered at 34 and has a slot 35 extending up-
wardly from the taper diametrically opposite to the

35 pocket 22. As also explained in the latter patent,
inserts are mounted on the intermediate section 25C
just above the open upper end of the pocket to provide



pper end of the pocket to providgjj- guide surfaces 36 which converge
oward the pocket to prevent entry of tools other than tool T into R
posi ti ons above the pocket 22 As the operating tool is |lowered into pocket
5 22, a s oulde 37A #F ut l:ands ugon a sggﬁ 22A a% %t t he pocket
(see Fig.9% %?Eo bﬁﬁﬁgfﬁth OKarR &fei PeCkBhetend noves

beneat h agslremt gnabyeoBStbolsedthert bhanppeoletdiatot pesttiensbody 26 of
t he mandr t,Wpward novenent of the tool from 10 its

| anded pd%??é% éﬁeﬁgoéégkbeyéeen fromFigs. 1A and 2, the groove 38 is

di sposed at the conkertgbecepefatinggbodsd sarlawereéGLPmstpabkna t he seat

22A.g VVth%? §r§%§§£@$¥’§ﬂg EEﬁgééﬁbhﬁd1Ahh§SEé8n E'9Q§§ 525 b 4A, 4B,

4C, 4D an ectron out er
mandr el mutsthﬂcpmtaﬁseﬁp&%sﬂhenged ascohilan B§ bepea&h at its

upper endt@@%@eﬁeaerieelﬁ peP! 8hdCHoBbsi bankavR' Fﬁné ”g gg% WhRus!y

descri bed, the ueg the tubul ar portion o IS suitably
prepar ed 3%rfoxme %%nﬁ%%t?ﬁﬂeﬁn?ﬁdtﬁg thsi Agnerr bRy th@ offher di anet er
of the | ayeMaesl aécseﬂsee@l DimyppepwRed wBYEREntSoki theCkosd! ¥rd hin the

end, of | ar rber 46 which_is connected_to ang_suspended from
P oot castatdel BaalEIgR . (RAnGrn BEOROSE EROMTRASK JA #AY 25

Tubul ar nenbeme4@rGGWe0&8yzsrdxsﬁese&hatlehercendembehhe ofpehebody section

25A, but SQ € oM - dly _the 0, V|de the internedi ate-
mandr el b0 faie%é?%%éigC?@T%§@%E%%8%QS§ % mardly to receive 30 .
the inner mandrel béigh28efenentenwnow be UBGCﬁebedleﬂ déﬂaﬁhrao~follom4 and-
S connea%ﬁgﬁgt tflbgmegaengato4énogﬁegnaugglaanengEné7 t he mandre

body in e spring 25 anll acfuator tube are recelved Still
ancther t%ﬂﬁnQﬁpﬂﬁnﬁﬁ?tEBn035%h€foEP§roﬁﬁﬁHrEPnQEG} psdy 2

includes an uppermost member 45 which is tubular at

(ij%nserts are mounted on the internediate section 25C just "above the opeh
e

its upper end and eccentrically enlarged at its lower
end. As previously described, the upper end of the
tubular portion of member 45 is suitably prepéred foxr

20 connection with the tubing string. The outer diameter
of the lower enlarged end of uppermost member 45 fits
closely within the upper end of a tubular member 46
which is connected to and suspended from the member 45
in any suitable manner, such as shown in Fig. 4A,

25 Tubular member 46 not only provides the';ower end of
the upper body section 25A, but also extends down-
wardly therefrom to prov1de the 1ntermedlate mandrel
body section 25C. Some TR e

The member 35 extends downwardly to receive

30 the inner mandrel body 26, which will be described in
detail to follow, and is connected at itsllower end to
another tubular member 47 of the mandrel body in which
the spring 29 and actuator tube 28 are received. Still
another tubular member 48 of the outer mandrel body is

35 thieadedly connected to the lower end of the member 47
to surround the flapper 23 and the assembly on which it
is mounted for swinging between its open and closed

" position.



35 t hreadedl y connected to the | ower end of the nenber 47 to surround (;%f;
the'flapper 23 and the assenbly on which it ig,nounted for swi nging between %'
its open and closed position. - -12- As will be described in detail to N
fold ow, the flapper nounting assenbly includes a housing 49 which fits
closely within and i s suspended by tubul ar nenber 48 by neans of a shoul der

50 t héreabout which seats on 5 ° an inwardly extendl shp, Ider on t
| oner end of menber 48. As bedS ok by dggcrifed in ‘ﬁ?) f 'f'%‘ﬁl%‘l"tglé

PguzlcggnPflsca bﬂle tfveipy té‘i.‘ Qﬁ&ihﬂhgt?(fhs%erﬁ@mlmc?idéﬁa rmnsldsmngewHﬂchnd
Wi re pec e 0 er fer of s

a 10 | ower t ubul ?iﬂﬁ%i& ith FTLERE %e qﬁ%:%%gﬁgé @eﬂggg
foJ[ms the |5(2)WESt segté chsyZEéhrm afiea oshcmldmndﬁ@l thedegabdat which seatsfon
ext ensi on a h |QME£

the mandrel, a t hus e]hrwfiﬂ %Mi}%ﬁ% %]c') hé“ﬁg@&fnéﬁ& QE
suitably prepared atmeémbey chys e#ﬁlb%#tc%hpwmebﬁlﬁhgt04PhethﬁbVHBe§tPPﬁ§1°n

t her ebel ow. The i nn r C I sggt
bnd 54 respecri vel )eﬁfm{%hﬁ%rémq ¥&s CO"Bb1E CEhEPEERY WMEEnSest £0agisd

ked
mihn the boc Vi ThamanArer BakS | Shcratne FOCRRERET oF L RanAFEPeRBaYY
girgﬁ[y4gl|gﬁég ggétﬁﬁé”éﬁﬁfr di&m§€§f{@ﬂssgéhtﬁppeﬂnporﬂﬁﬂﬂ;ehnhody have
s' whi orm j nterne t .

bore 20, and a&?all {}%ﬁ %@ée?5+ﬂ?n5§ ﬁ%gﬁécL@?%BSLP%Ggggaﬁggﬁérs
si de OI 3nd p?LaIIeI41 e4®pr£%fT§hEhéoheweshdsettiba RBRepfsthei ontdy is
supported.on the upper ubu

ndf b"%?& e g@s;f; éza%ftaﬁ Hgﬁggr@gdﬁsg Eog&re

and the upper end of™¢ XactTon a shou out
i nner di aneter of anthexethechglewipbehi forwvé Bhe lovepsuend apepéngqef kbe

shown in Fig. 4B, the, UBp&f, S&h&' PRus3the lower end of the mandrel bore, and
15 which is suitably prepared at its lower end for con-

nection to the tubing string therebelow.
The inner mandrel body 26 comprises upper
and lower sections 53 and 54, respectively, which are
stacked one above the other and fit closely within the
20 inner diameter of the lower end of the outer mandrel
body member 46. More particularly, the sections of
the inner mandrel body have axially aligned openings
which form intermediate portions of the mandrel bore 20,
_ and axially aligned openings forming the pocket 22 to
25  one side of and parallel to. the bore. The lower end of
the lower section 54 is supported on the upper end of
' tubular member 47 of the outer mandrel body, and the
upper end of the upper section 53 abuts a shoulder 55
about the. innef diameter of an intermediate portion of
30 tubular member 46.
As shown in Flg. 4B, the upper section 53
is recessed on one side to receive the lower ends of
the inserts providing the guide surfaces 36 at the
entrance to the open upper end of the bore 22. The
35 lower end of the upper section 53 is also cut out at

56 so as to interrup£ the pocket 22 along its length



{he guide surfaces 36 at the entraﬁ € to the open upper. end of the bgre 22.
e 35 | ower end of the upper section 53 is also cut out at 56 so as to
interrupt the pocket 22 along its length -13- at a location opposite t'he

port 83C (see Figs. 2 and 6B) in the operating tool T when the operating
tool is iat|lantedapbentopposite thespautndsC ek Fligsd 2remdt he tublng\‘;
beneat h { §i9) 1 3Pege b?eiééfn&otéb‘!}v“rdwﬁéﬁt the>operhlifg! BRoR05E OF the

mandr el n_the Il zlng valve i opene wer “end of the inner
mandr el bb%yl%%€?¢oR°§Ht+§ncouﬁPeFBbFe@aﬁﬁeS7 welds flyideaPrie the upper

end of a %deusisgvseﬁsaml ﬁheeﬂaﬁﬁérd%ﬂ‘ﬁ@é@ olQlow ‘&h&'@cfﬁl dis
spaced frp thel

er- nedjate ou on 47 to
provide atPEAnERS, gﬁ%cggnﬁgﬁhWEHdFﬁ WpEBr tBRgegRa &F&&Bb%aﬁﬁﬁe
reci pro- tatesensdit noves between its upper and Iomer posi tions. As shown
in Fig. 4D, collar C a e actu- r tube 28 is adapted
to engage a dommmargﬁ ?QE% egﬁ %d%p 5@“335upapﬂ§e QF di anet er of outer
body sectsautﬂdnsﬁ4asstoountarborbé att 63t sp atbe0|maqqume'mmSt posi tion

e LN end! 00k gaRERNG122veTRE SHORN WReAR Rl el " e

space be e ou S |on 47 i's
ur ged domtb&m@z;dbysmeaggﬂu figomothat gneﬁgaéemﬂ:em of dndesr shoul der 60

on the 'qﬂﬁﬂlgté”SﬁﬁérOﬁoaﬁckéeﬂléﬁ 4% Eb”ﬁr@%xﬁ% lafC andth 1L hin the space
bet ween the tube 28 and t tubul ar section 48 of the outer 25 mandr el-

body so a%P?Gep%BvVBécﬁ ﬁthEPPGF eRe PSméthﬁ&°5ftP@Ee2§8r§&¥9§ﬁ ring of
resili entcaﬁéerael itsmétregopetdwbenWees appewnandd 1eme<tn£pder1tqforiéle i nner .

dianeter e rin 1 _an the ner |aneter of th nd of the .

housing ?%?nf& Eéﬂf ga'aﬁﬁ ég car %f %23 seats in

itsl&losedt@nstubenZS is adapted to engage a downwardly facing
shoulder 59 about the inner diameter of outer body

<i2£ recessed on one side to receive he | oner ends of ‘the-inserts providing

section 47 so as to locate the actuator tube in upper-
most position under the urging of coil spring 2%. The
stop ring 30 carried within the space between the tube
20 28 and the outer mandrel body section 47 is urged down-~
wardly by the spring 29 into engagement with a stop
shoulder 60 on the innexr diameter of section 47.
A ring 61 is located within the space between
the tube 28 and the tubular section 48 of the outer
25 mandrel body so as to provide a guide for the lower end
of tube 28. A seal ring of resilient material is
disposed between a downward extension of the lnner
dlameter of the ring 61 ana the inner dlameter of the
upper end of the housing 49 to form a seat 62 against
30 which the flapper 23 seats in its closed position.
The seat ring 61 is held Between the upper end of the
flapper assembly housing 42 and the lower end of the
outer mandrel body section 47.
As previously descrlbed the upper portion of
35 the flapper assembly housing 49 is like the inner
mandrel body sections and lower end of outer mandrel



The ;seat ring 61 is-held between the upper end of the flapper assenbly (Zéi;
housi ngy 49 and the | ower end of the- outer nmandrel body section 47. As
previousl y described, the upper ‘portion of 354= the flapper assenbly

housing 49 is like the inner mandrel body sections and | ower end of outer

mandr el " -14- body nenber .45 |n that the s of th bore t here- through

i s ecéentric toits YeMenbak it in that Ié}ﬁ)é"kﬁ% 9% the Jrore yEhexRT ed on

a M 63 carried by gH¥udH alenastemidiOftd e daisiag &Iﬁarﬁéarfeﬁw nmélg 5

into and out of a slqgt 64 3 he. hausin eneat h t ose
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spring 65 whi ch bearRinat dﬂtenerﬂisposeﬂa Witipigerthenos kot { ehet filapped 19 the
fl'apper assenbly hO‘éﬁiﬂ“Qaf“f%h%)waair t&ﬁ]ydcf\!@ﬁ.bclﬁ’ '&lh?é éoé‘et-gé '%é;%ﬁ%ﬁ g?é NEube

cl osed position. rin sposed
within the space betﬂﬂeé}w’aﬁ:tﬂm}whmmee %rhmgala%dsmaae

shaped simlarly to Imqg; MR Rdd DOy £k | #on £ 1Bud L FOP S £ 2ERE Db Ye
housi ng 49, and the | ower _en menber 45 in that

of the o rel body
20 the axedt®bf t HAIH fFEsinn eéji‘t heﬁ%tﬂ?%kﬂ'rbr@%ﬁc@?}t ke vP’tYPt
respect to their outgm cGBaniEt esm:r&htdsad dae ha stmis iomgsptivog eSS wiolels
t hrough a thickened, wall t er t \ ngui 3
t he | ower €xtension B ot Soridu eh fn%z%% dé}?é fif&%g'ﬁf?&) %?tflt'h% ogﬁe%\ﬁén{:d
fluid conduit 32 anebrt lﬂhmgflpam;mr&ssgmaly Zious op 9 ts@:ﬁmhtekw::el@ahly

wi th pocket 22 |ndlﬁ¥§ £l 14 {he ¢ dnOf the |ower
section 54 of the inner nandr éé%ﬁ on o p05|te S|degﬁﬁ thagpcket ésee
Fig. 5C). Thel5 Each of the rlngs 30, 31 and 61 dispose

within the space between actuator tube and the outer
mandrel body are shaped'similarly to the inner mandrel
body sectlons, the flapper assembly hou51ng 49, and the
lower end of the outer mandrel body member 45 in that

20 the axes of the openings or bores therethrough are
eccentric with respect to their outer diameters. Thus,
each such ring also has holes through a thickieed wall
thereof to guidably receive conduit 33 as well as the
lower extension of conduit 32..

25 The portions of conf}ol fluid conduit 32 and
'tubing pressure equaiizipg'conduit 33 which connect
with pocket 22 include holes drilled in the thickened
wall of the lower section 54 of the inner mandrel body
~on opposite sides of thé'pocket (see Fig. 5C). The

30 upper end of conduit 32 includes a tube 66 connected
at its lower end to an upper extension of the drilled
hole in the lower section and extending upwardly
through aligned holes in the upper section 54 of the
inner mandrel body and the insert thereabove forming one

35 of the gulde surfaces 36 into and through the thickened
wall of the lower end of outer mandrel body section 45.



%p upper end of conduit 32 includes a tube 66 connected at .its | ower end
an upper extension of the drilletshole in the | ower section and °
tendi ng upwardly through aligned holes in the upper section 54 of the
i nner mandrel body and the insert thereabove form ng one 35 of the gU|de
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the | ower §a§+@nu§5e50@ﬂa'6f3@ubé 68 thQalgksgeEngasavhh%ﬁ ower

section 54 of e i nher nandrel nnectin t he | ower
end of thithigkened wall @it@ﬁﬁ%rdﬁﬁﬂﬂﬁﬁél9°ﬂﬂtﬁﬁﬁtﬂﬁ§ §§adéesetmeen t he

actuator tpfe, asw)t Obé eéonBiAnEl & aramgl hmbﬁgglahbhalabna& %he 30 and
61 in side- However, the

qx $ IatLgn W t g see FI%
| oner end % %%%esﬁﬁlﬁ%n? A¥estPE BRRER REWEPBRG SR Bu§ﬁ fhe sl ot 64 and
t he 13i ckesegra@l bf ofonbeol| pptd aesea‘afacbomavag 6%, othe@rt Remotleong t he

housi ng exigggifgh§2 and the tubing string bel ow the mandre
As shown in Fig. 5C, the hole which forms the
lower end of conduit 32 leading to pocket 22 and the
- upper end of the lower extension of conduit 32 is
20 drilled through the lower section 54 of the inner
mandrel body. A tube 68 coﬁnecting with the lower end
of this drilled hole extends downwardly within the space
between the actuator tube and the outer mandrel body
and through the rings 31, 30 and 61 in side-by-side
25 relation with tube 67 (see Fig° 5D). However, the
lower end of tube 68 continues to extend downwardly
through the slot 64 and the thickened wall of the
f;appér assembly housing 49, and thus along the housing
extension 52 and the tubing string below the mandrel
30 for connection to other parts below the subsurface
safety valve which may be operated by the control fluid.
| Operating tool T comprises a generally tubular
body dépending from the lower end of a fishing neck 71 at
its upper end, and, as shown in Figs. 6A, 6B and 6C,
35 made up of a series of threadedly connected tubular



30 _ for connection to other parts below the subsurface safety val ve which 3‘%
may "‘be @perated by the control fluid: CperatL&g_tooI T conprises a

general ly tubul ar body depending fromthe | ower end of a fishing neck 71 at
its upper end, and, as shown in Figs. 6A, 6B and 6C,: 35 made up of a-
series.of threadgdly connected tubular * sections about which the upper,

| ower ‘and i nter medi aggcpaeksnabode. whicAN€hdOuppeghedbvee! ¥nadidteddBd e
for =7 seal ably engaglng with the gcket %ﬁEmhen the_togl i s | anded .t herei n.
As previously descriBegkipgg flyefl gnd dresReshd vedver 58 Kaxgd efo £25d
41 surround the tool sballybapoengaginbetviwhpehe d3Bkelere wherd thealkadly is
engage t he pocket ab

ve .and _bel ow the_port 32A in the mandrel as to
confine the flow of gﬁﬁﬁ?gltg?ﬁﬁanfro c ﬁﬁUﬂPu§2YtHﬁﬁﬁﬁﬁg5§Vt%%fBlPﬁF5'the
interior -of the510 meddakeberd. loWey pppkingsd4Onaedmddi suerpand the 4ol
and 40 surround the ahgye b .33 her.ei

seal ably engage the %ggkegggﬁgvgﬁgngéggrogkgﬁégggr?hggﬁfﬁaﬁght%g%&%gg&d
packi ng 42 surroundsengageobheppagkptsnaboNepand betouwndheeortnid2A time the

pocket 15 32 benegbhqtBe e8! Q4! t86conFiHE tRe Wibly BE €8atrbRe¢1tqd from
foll ow, when the equallz#gg valve i s ope fluid in the tubing benpeath

n, L1 ]
the flapper is confifegd ﬁ?oﬁh?ﬁ?ﬁhtH@anEPﬁgl&ﬁ@véhﬁhénﬁﬁﬁﬁﬁ€r9§A§he
shown in Figs.16A 68BoaNdb68y.porThe3dbpef 30d intbemedbukar phewingis 4l2e and

operating tool connegts with a.control fluid chanbereag3 ich iis cl gsed

its | ower .end by theﬁbr§§§598npegE8ngP9g §ﬁg?a °8ﬁ-F$E'g% & esgpgﬁhghB
pi ston 74, ,and at itsheppén and bgadabdyeengagkee thieopedketpabosed anid bled ow

t ubul ar body beneath e_fighi 2 (@ ereof . ((see ,Bi T

pi ston carries an C)F%ggp?g%thggéaggﬂttﬂ igﬁggg §§§F§§§y4§|%85 e“ﬁ%ﬁﬁﬁ?

the tubul ar body durtaglekodysbeneattt portadBCoandf send spwittdn thiet packetect
thereto, as wihs be 45SpehBRn' nkobh@ut386. Thus, as will B¥destribed to

val ve includes™a body
follow, when the equalizing valve is open, well fluid

in the tubing beneath the flapper is confined for flow
into the tubing above the flapper.
, ' As shown in Figs. 6A, 6B and 6C, port 32B in

20 the tubular body of the operating tool connects with a
control fluid chamber 73 which is closed at its lower
end by thé pressure responsive surface on the upper side
of the piston 74, and at its upper end by a dome in the
closed upper end of the tubular body beneath the fishing

25 neck thereof (see Fig. 6A). The piston carries an
O-ring 75 thereabout which is sealably slidable within
the tubular'body dﬁring extension and retraction of the
piston with respect thereto, as will be described to
follow. , _ _

30 The equalizing valve includes a body 76 which
is sealably slidable longitudinally within the tubular
tool body for reciprocation above the piston 74 between
positions openihg and closing an annular conduit 77
between the body 76 and the tubular tool body. More

35 parti¢u1arly, and as will be described to follow, the
tubular body 76 of the equalizing valve is reciprocated
between opened and closed positiohs in response to the
pressure of control within the control chamber.



I's sealably slidable longitudinally within the tubular t'ool body for

\reci procati on above the piston 74~b&Tween positions opening and cl os# ng an
innul ar conduit 77 between the body 76 and the tubul ar tool body. Mre 3b
particularly, and as will be described to follow, the tubular body 76 of

the egual i zi ng valyg '§héﬁ$ gég€?ged6get§ge?ﬁgggﬂgglgﬁgcEbﬁgggnpos|t|ons I n

response to the pressure o [ wih € contro - 177\ s
shown i n ¢f gthepqualizing reaivec’poisi vadbpliveendaxpgedi g val ve 76 is

radial ly orb®{880at SnphLieFesd ﬁﬁ@&hdein89h&hbszaseangbeﬁtsbased position of
t he equali zing val ve, seats upon the | ower end seat_ 81 on the

i nner di etiehe #auabizing| ¥Rlvedyseats epPoRbEhe iPves e88 ofhad | over end
of tdie eswdt Z8 Do tNE b@ﬂéﬁrb@ﬂﬁﬂé’{ieﬁhéﬂ dRne 8ﬁbﬁkadegowyt hion an O-ring 82

carried opn_the_.inner he.tubul ar .t o 0 eath the slots
336, and ITEeRTs ehefFagh, o Tha ioUeY 3ha' 87 B8 4aP3iTE10q e boay
above showalfes 1363y dbenesth skaitldeng8683sihdeb we&h&hlpneOgageg t he i nner

di anet er ULAT + QO y hezp S agesnay 84
t hr ough. t he equa%#gléﬁ ﬁ? £n§ & dggﬁégﬁ%egf %ﬁétﬁaggl?s @gﬁi %? ¢ | oner
end bened@eme:athnghezstm'qﬂsw, an@hapz;atisa%m ﬁn&nrgmiepm&mpe portion

t hey Qéép@%z@gn? S9afie! SodyOubageashyaIas:! 80 eaRLids 11 uid

betmeen t omer end o e valve to the upper end of
t he chanb%rseaé EHRGn8 nWh+§B SGEAERHY6€P99ﬁ65pF§?ohnﬁsrhééaﬂéter an upward

ext ensi Orbf%é«h@wuyaﬁeto@ndbbaysaaaed ehéhgbkteh stanceabghawages | over
end of equali g¢valve body ve .is.closed and the piston is

retract ed3¥An Bﬂgghe??%n§95ﬁl?BBPQhVEHV§xPBQHS ofAPRREES v within the
| ower endebihtﬂsmrtslb%ainbﬂﬁs Dowebeent beneaeham-mgntgoen andn a manner to

be fesr bt AUEGP 180T 55, ShORPhER B BB R cTRr  ERRerlupRUSY PO o
O-rings 83, so as to provide a bypass for control fluid
between the lower end of the chamber'below the valve
to the upper end of the chamber.

As shown in Figs. 6B and 6C, the piston 75 has
20 an upward extension 75A whose upper end is spaced a
short distance below the lower end of equalizing valve
body 76, when the valve is closed and the piston is
retracted, and a lower extension 75B which extends down-
wardly within the lower end of the tubular body of the
25 operating tool. In a manner to be described, the piston
reciprocates between an upper, retracted position in
which its lower end is substantially flush with the lower
end of the tool body (Fig. 6C), and a lower, extended
position in which its lower end projects beyond the lower
30 end of the tool body to engage and lower the actuator
tube 28 in order to open the flapper. As shown in Fig,
6C, the lower ends of both the tool body_and piston
extension 75B are spaced a short distance above the
upper end of collar 31 on the actuator sleeve, to enable
35 the operating tool to be landed without preloading the
spring 29. |



end of the tool body (Fig. 6C), and a | ower, - extended position in which itigzg;
| ower epd proj écts beyond the | ower -30 enthf the tool body to engage -
and l,ower the actuator tube 28 i‘n order to open the flapper. As shown in

Fig* 6C, the lower ends of both the tool body and piston extension 75B are
spaced a short distance above the upper end of collar 31 on the actuator

sl eevé, to enable 35 t he operat 0 be | nded th reloadln
t he~<pring 29. -18- As wil IA’bé" e‘?%t r?ﬁ%‘? 3"11571%% 'gjs gﬁgpposz.
facing, pressure resfiinye predanes pésponelvarearfaces sofipggiahnaré aven

si des which are acted upon by co trol f

wel | tubing above 5 dt F‘f%P? a %rloweﬁ“glé'é% @bﬂ?*ﬂ%&?l %gd%égﬂg?}gego?o
chanber 73 at a preslsm]e fliid cAmshtwe bl oﬁhur@mthmfbheewelhb tubjngssbove
in the tubing, ghe lgye ef‘é(}%bé’é D 1 on dbhicoe EriEaded DeboysLlecbover

end of the tool body to e the colf pressure o
control fluid is furehambemc %a%%dat@r%ﬁ%¥€%n%ugﬁhc¥%ﬁEet%f°§%¥?ﬂ§e2§hethe

pi ston |owers col | argddediNdhd wepf@wﬁr@nﬂnoéhéheusfﬁgateﬁetyaee%eﬁagages
the top side of flapper. 23, as howeye

I n Fi t.this t| ,
upwar d force which t?ﬁ?W%&ﬁt?%HW£b¥gp%§§ﬁ?%n§%§ eLetethe %e¥I%B%e?f gﬁe
exerting on the d(ﬁ%ﬁbilmwnywt¢wénqa§é fhmtaelldﬂwmmardAQDtRGEptesﬁuréeof
actuator tube until the ressqg ss_t per
o]

F
o poses whi ot 11 HaS et eP I fs L ATeERSR Bt Sa fR T Ee ERerERls She
of the equalizing 20forcaa¢ﬂesp51ygezmabtyeupgsﬂonoloWerﬂppellseaBkduntll

oot e nmor e cRbe 1A PLLAC A00SH. L | Lt 0F URREER BN bop,
equal i zi ng val ve bodqlémefhélam&m¢a23ex%%n%h@ﬂnointﬂegboay ohtthbls time,
operating tool 25 pQedeath Lhe dpgatdIrHLek @ﬁleﬁstuepﬁélfneumﬁg pbavlure
in Fig. 6A, the Iomer end of fhe_coil sprin g g
15 beneath the flapper is ing on ‘the closed flapper
prevents further downward movement of the actuator tube
until the pressure across the flapper is equalized.
For purposes which will be understood from
the description to follow, hddy 76 of the equalizing
20 valve is yieldably urged to its upper seated position
by means of a coil spring 90 arranged within the upper
annular portion of the upper end of control chamber 73
between the upper end of the equalizing valve body and
the tubular extension of the body of the operating tool
25 ‘beneath the fishihg neck at its upper end. As shown
in Fig. 6A, the lower end of the coil spring engages a
ring 92 seated upon an upwardly facing shoulder on the
inner diameter of the tool body; and the upper end of
the spring engages a shoulder on the lower end of an
30 enlarged head 93 of the equalizing valve body.

_ The outef diameter of the O-ring 83 is larger
than the inner diameter of the O-ring 82 so that
control fluid_i§ effective over an annular cross-
sectional area to urge the equalizing valve body 76 in

35 a downward direction. The area of the seating surface
of the shoulder 80'on_the equalizing valve body is
largef than either of the aforementioned areas, so that,



ring 92 seated upon an upwardly facing shoul der on .the inner dianmeter of
e tool body, and the upper enghgof the spring engages -a shoul der on 4 he
wer end of an 30 enl arged head 93 of the equalizing valve body. The ,
ter dianmeter of the Oring 83 is larger than the inner dianmeter of the
Oring 82 so _that control

fluid | s effective over _an nyl af _CL 0SsS- N
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equal i zin al v y. is_larger n_either t he, af oy enenti oned areas, so
Thar, " ale Rl Van ram reRd SERECtIER Fo . atft PERCR| FPPERA n the |
t ubi ng berespudl tte ducipressure uripes hehegqlbfferegceaineabedy in an upward
di reqt i on Y ARa1 Wid bl QIS o eMHale | 8ndUHle PLARSL! 81 LIRS Bp dif ference

in area 5 ] he seat surface and the 1nner diameter of Oring
82, plus @Qrring &2ofPkte Bheifero® of gthe sheingudli vragngathe body in an

upwar d di reaid 100 ineeReLLveVISsay f ik hen Uap@s faf @  seceiohhe gerbay 90 is
ressure bel ow the closed,f er will 10 mai ntai n

i gnored, the tupin P a ,
equal i zi nFY&R éﬁ&géﬂmﬂ%¥¢l EFR rF PressRringafpienigarsed to a | evel
surfipieﬁﬁﬁnetﬁuﬁﬁﬁgtﬁméséﬁfé ﬁ?lé@et&dbéngs?aesxapgefdﬁﬁ;mdiEg 8C the 82
rel atj onshi i he_ ar of t seatjng surface and, within the Oring :
and,1qn aﬁﬁiﬁkﬁﬁq LRI YR %ﬁrciﬂgﬁélgngiftﬁ%?tfgﬁuPFgﬁsFﬁenove t he
Piston 75 svivearl yaised atsea t heval t safficiahtlyohtghegethhn thptof the

| apper. Th S, V] ! | SL ' . DV I n response
to a cont r%#sﬁﬂ%s%\%%m%gﬁggébéa%ﬁ%‘/d%ﬂbggﬁ%‘I éﬁgrgé}gglgﬁﬁﬁgp hat of
t ubi ng pr esfuthe axeas to theppeating surfiacehand wiithis tbemal |y
substanti gdl.ys h ubj g e bepeat r {(th the | ower
end of th? a%’fﬁuiﬁ)zr{tiﬁaéggn%’g%e%é%?h tgﬁegt g?)"%?dékggaghghgﬁosed fl apper
23, s shodrt reqyired todnevmitoe piesenréSrdpysyarglyphe cause

the actuator tube to engage the top of the flapper. Thus,
as previously described, the piston is so mo#ed in
response to a control pressure which may be only slightly
greater than that of tubing pressure above the flapper,

20 which in turn. is normally substantially less than tubing
pressure beneath the flapper. _

With the lower end of the actuator tube 28
engaged with the top side of the closed flapper 23, as
shown in Fig. 7, and control pressure raised to move

25 the equalizing valve body'dOanardly, and thus open the

lower end of conduit 77, well £luid in the tubing

beneath the flapper begins to bypass the operating tool

”throdgh the annular conduit 77'ahd into the bore of

the mandrel above the flapper through pbrts 33C, whereby

30 pressure in the tubing above and below the flapper
begins to equalize. As will be understood from the
description to follow, downward movement of the equaliz-
ing valve body 76 is limited by engagement of its lower
end with the upper end of piston extension 75A (see

35 Fig. 7) so that the tubing pressure continues td equal-
ize, whereby the piston is able to extend further so as
to lower actuator tube 28 and thus swing flapper 23 to
open position, as shown in Fig. 8.



25 : the equalizing val ve body dowwardly, and thus open the | ower end of Cg}}
conduitg77, well fluid in the tubing beneath_tge flapper begins to bypass

the qperating tool through the annular conduit 77 and into the bore of the
man8irel above the flapper through ports 33C, whereby 30 pressure in the

tubi ng above and.bel ow the flaﬂBeEthPhgioho7QQH§|iéﬁeréa Miehle EQuallzlng
un Stood fromthe descrlgtlon to fo ggvenent of

eqieti z- ing val ve b¥alvesbpdy| 7hi 2ABOLPOYRGaGEHBHRAL: YngtF&wérgéR&rﬁFth

the upper end of pi SEHBuE&éE”QﬂOEhZ§éaB§Qe 8Bneath §he7D-3dnghat skatisubi ng
pressure conti nues . to eqgua lze

th stan o]
further so as to | owBP® cFﬁaPBVaFGEQ fgcéﬂg ?ﬁg qg% ﬁSEFIappgb 5% tgggﬁg
position, as shgwn i aikingteB. of thaltuBslalrebpidyt off Ehei opecadiad, toed

equal | zi ng val ve bOdﬁng>g£§9e”gﬁ §9%B“@5€'¥oUthh8§yt%B%f%%1%%9U'Q%r 94

t her eabout beneath t on an upwar aC|ngpiapered seat
95 on the inner 5 thnanUBSPEGt th@ wiBdl Re B@éﬁréﬁopﬁe engreysl of

just above the portsggaCq f;aagﬁﬁhﬂaevaﬂ%vm? 15N 16l3isS thasPetle tiravell lofbe
understood that the trave e equal_i zing valve body is_| ess th% EEFthe

travel of the pistontbe Ph§t8P59§nE§ebéﬂﬁ§éH cg SREWESS: 6

| oner end of thg enl abgaEEBhAOLLL hﬁeeenahmgen@n\tab\fem@dyemlmmgsmmr
80 and the upper- end  of a_ shou

n di aneter of, t
body just above the S@9¥ PPH&a§g S§PH& g &@F PP §ﬁde§§%tqg %,ulder
beneath the ports 3367 bheyher énaet de.lamete&r@rﬁ t'he tudegdrodyy jiss aahq:near

bypass conduit 77, angd thus,proetect,.the m f t
therebel ow as wel | a éegé' 1518 sﬁzrfagg's%% tt\)(i\)ge %el(aee(fttablqll za?‘(nag veﬁtvegsand

the inner dianeter okngaget beneadly th'éh«poa‘(t@\/é&@ertthem areyendy slapriss from
‘fail safe” 20 | ”ehi}%ﬁ?‘ags teh%,tnn%@. %%pta@:ﬁ fdoiae 37d, el il brotect
valve will eithdr refaen g cl ose
the dynamic seals of the tool therebelow as well as the
seating surfaces between the equalizing valve and the
inner diameter of the tool body.
The aboveéidentified apparatus is "fail safe"

20 in the sense that each of the flapper and equalizing
valve will either remain closed or, if open, will close
automatically in response to abnormal conditions,
includihg the loss of control fluid, as may occur upon
shearing of the tubing and control fluid conduit 32,

25 whereby water entered the lower portion of the control
line and thus the control chamber, and/or the failure
of one or more of the seals carried by or within the
operating tool such that well fluid in the tubing beneath
the flapper entefed the control chamber 73,

30 For example, the flapper would either remain
or fail closed because coil spring 29 is of such
strength as to overcome a force due to the hydrostatic
preésure of the water aétipg on the upper end of the
piston 75. Also, although the hydrostatic pressure of

35 the water would also produce a downward force on the
equalizing valye (due to the difference in the effective



automatically in response to abnormal conditions, i.ncludi'ng the |oss of
cantrol fluid, as may occur upon shearing of the tubing and control fduid
1 onduit 32, 25 wher eby water entgged the lower portion of the controk

| Yne and thus the control chanber, and/or the failure of one or more of the
eals earried by or wthin the operating tool such.that well fluid in qﬁe

t ubi ng ben@ﬁé@sﬁh@ i‘éQﬁ@ﬁéJﬁét gfadst BE eeanrehngbaebean&wsq
For exanpl e, ihe %éagger woul d ejther renai cl osed because coi
h

0
Spri ng. 25 SRTHRS A nER L BHRR S EBR By BB EoaPFOREESGRITERAE hydr oot at i
pressure ofipwimedvwSdeceacti ng on the upper end of the piston 75. Al so,

al t hough the hydrostfﬁ flﬁ§9ﬁ§H£8r°fe§2?d gtpgcpﬁhsg Qg§1%|50 produce a

downward force on the equali zlng val Vv erence in the
ef fecki ve whil@ither §apperr ispohosed, aseathet bigh pregsud2 dmd 83),

spring 90 tﬁeﬁuﬁfﬁé Eéﬁé&%htﬂé EQaBi:W%UQﬁtéﬁ eE:oHE%ﬁ.d force. In like

manner, even pac apper I's closed, so that
hi gh pressﬁﬁémbﬁrtKé'tﬁﬁ%ﬁbeﬁeﬁéﬁtﬁlﬁﬁEeFl&BEthGnﬁépélﬁﬁénGbntrol chanber

t73b nei t hegalhe ‘fzbﬁmgbpéﬁfuhMGSQQHﬁbl tuBﬂn\_i;ab‘fés‘éﬁ&b?leﬁkI&%d@(d%@ ﬁsz thte t
ubi ng pressure exceede res e ,con ui or rostatic
gpPeséﬁ?epﬁ? ﬁﬂfﬁrofngﬁﬁ °89§ pl %EP&B ggﬁfpéﬁaﬁtﬁld) Kbrnally
the ﬁmuaLlpﬁegsuabvefwwhteremn!nhelevedtdog_uOSgheffaﬁhq?mﬂlfLmigp?Fviously
noted, t | [ Ld_in tu neat h .t e apper
ot s over NORBRLEY EobhS ERubtBkinbovhits| HT1E0 s ERRR CiptRe ST 1 SP0C
body whichtargle fact| tbati, as pkevévuslyconted, thei tiigh ipews- and the
packing 40 &Eé' El X\Qe nt P.gef téBEﬁgnbéalgﬁtﬁp‘Eﬁgpg%fs'ea“ fflra%‘lialeﬁ:p“ ng 29 will

nove t he £T apper osed positli orce o ng 29. This of
course resafts emer afneﬁ1pnessu§e rraponsdveubreg pfesher €Mddre and bel ow

15 izing valve body which urges it closed.

In the event control fluid is lost, and the
packing 40 fails, when the flapper is in open position,
the spring 29 will move the flapper to closed position
due to the force of spring 29. This of course results

20 from the fact that the tubing pressure above and below
the flapper is equaiized so that the spring 29 is the
only force acting upon the piSton to urge it to its
upward position.

. ' From the foregoing_it will be seen that this

25 invention is one well adapted to attain all of the ends
and objects hereinabove set forth, together with other

maadvantages.whxch are obv1ous and whlch are lnherent to
“the apparatus.

It will be understood that certain features

30 and subcombinations are of utility and may be employed
without reference to other features and subcombinations.
This is contemplated by and is within the scope of the
claims.

' As many possible embodiments may'be made of

35 the invention without departing from the scope thereof,
it is to be uhderstood that all matter herein set forth
or shown in the accompanying drawings is to be inter-
preted as illustrative and not in a limiting sense.



the flapper is equaliized so that the spring 29 is the only force acting : (ﬁa
upon thg piston to urge it to its upward position. Fromthe foregoing it o
will e seen that this 25 invention is one well adapted to attain all of

t he*ends and.obj ects herei nabove sghoforth, together with other advantages

whi ch are obvious and which are inherent:-to the apparatus. It wll be

unger €t ood that certai nInether §9rggoingsfhes gEPERFSAN OB VANEION Utility

and~rfay bet enpl 0y$§1W EEOthEeQE%S?anL Qo&ﬁ:g&!‘t ft@a:r@_rfe&t ﬁra,d describfedt )
subconbi nati ons. 1S..S contenplate and i.s in e scope e
claims. As. nany 5@99#5Wsn§ﬁbagﬁhéﬁt§hﬁ§ySB@P&Hd3583“§§S oL ¥ 'qﬁi i on

w t hout departingcia@sthe scope thereof, it is to be understood that al
matter herein set forth or shown in the acconpanying drawings is to be
inter- preted as illustrative and not in a linting sense. -22- In the
foregoing the expression "invention" wll be understood in context to refer
to descri bed. enbodi nents rather than sinply features of selected clains.
-23-*Clainms 1. A subsurface safety valve, conprising a nmandrel having a
bore therethrough whose axis is adapted to be substantially aligned with
the axis of a tubing string when the mandrel is connected as part of the 5
string, and a pocket to one side of the bore having an end which opens to
the bore, a closure nmenber nounted within the mandrel for novenent between'
posi tions open- ing and closing the bore, means yieldably urging the



| osure nenber to its closed position, a tool adapted to*10 . be noved
®rtically through the tubing string and open end of the pocket intosand

t of a landed position within the pocket, and including nmeans which is
gsponsive to the supply of control fluid thereto, when said tool is Ianéed
in the pocket, for noving tR&-clos- 15 , wure nenmber to open position,: and
means t hrough which control fluid may be supplied froma renote sour ce 1.0
sai d cl osure nmenber novi ng neans defined in

claim1l1, including nmeans conpr|3|ng- he tool and the
mandrel for fl.uidly connecting the m ,mma, H and bel ow the cl osure
menber so as to 5 equal i ze pressure thernea®r o en the cl osure nenber

is closed, and neans within the tool which nornally closes the conduits but
whi ch opens them automatically in response to the supply of.control fluid
but prior to opening of the closure nenber. 3. A valve of the character
defined g¢yaih@i m 2, wherein said neans which opens the conduits al so

i ncl udes means for reclosing themwhen the closure nenber is opened to
equal i ze pressure thereacross. 4. As in claim1, wherein the tool conprises
a body which, when | anded within the pocket, forns a control fluid chanber,

and a piston havi ng ong %&@sm&be' §af§§§o{}§i¥7§ o g’r}rlrsciln I UI din said

chanber fbr 5 urging t in one direc open fe cl osure
menber amengdredp st ing sadmomutmeretheepghswhesmm p:se@siﬁpé:ecﬁ wel |

fluid 'ntbh%eb%%ﬁaﬁtfamndsﬂgﬁ@a HiGhnghéta 35! BE APRAYihy direction to

permt the clos- ure nber” to be cl osed, t means throu whi ch 10
control ®tyiag gvl@;pmh%dnw%x%es%cwecmdt Be E&ﬁ'd:r &f dhhecting with

 hespockgler ing A il @ ek 566! 81adebinetlel BorleinBving Nl uding an

act uat or nDunted within the mandrel for venent by _said piston in one
d|rect|0ﬁn@oﬂﬁiﬁht93?ns to the bore, a closure member mounted

within the mandrel for movement between positions open-
ing and closing the bore, means yieldably urging the
closure member to its closed position, a tool adapted to
10 be moved vertically through the tubing string and open
end of the pocket into and out of a landed position
within the pocket, and including means which is
responsive to the supply of control fluid thereto, when
said tool is landed in the pocket, for moving the clos-
15 ure member to open position, and means through which
control fluid ﬁay be supplied from a remote source to
said closure member moving means.
2. A valve of the character deflned 1n

- ...-*..___ -

it

tool and the mandrel for fluldly connecting the mandrel
bore above and below the closure'member so as to

5 equalize pressure thereacross when the closure member
is closed, and means within the tool which normally
closes the conduits but which opens them automatically
in response to the supply of control fluid but prior to
opening of the closure member. |



cl osure nenber and i-n another direction to perni;\\\\\\\\\\Eragﬁ?é‘nenber<i;;:/

to closg. 6. A valve aof the character defined in M’Wﬁ’lﬂ[ t he p
actuag-or conprises a tube which is axial T$¥¥eci prodabfe bore and *
whi &h i s yiel dably urged in said other direction. 7. As in 4 |ntlud|ng '

nean§ .conprising con- duits within the teol body and the nandrel for
ldPy connectd ng the nmandrgl bareazbevefathebchavachercefinednénber so

| he | d,
as:¥ caual 22 presouls S D GRELRRS AN LS o Bl BB GonisEhosed
whi ch opens then1aalsoaincbudgslmeaBSpGQSereclgﬁénguﬁbﬁy wherolheorlppure

to the control fluhgmggg ?énédp5§s§&ﬁ§l§ggfbgégghrgotﬁgygaggbgsplston

but prior to opening o A valve o
character defined in cIa|m74 whdgein Sapdmmdan¥h@rrin Gb§n§°PﬂeCBHRH&FF§

al so includes nmeang Beayrﬁﬁheﬁ'nahéhemhnﬁéa %ﬂﬁhihoﬁhéepﬁﬁﬁbtbeEot&soﬁened
to -equal i ze pressure thereacrgss. one of

clainms 1, 2, or 3, CRBEFBFnf}HédnﬁhﬁwgﬁrhagnQ PaBLSEPY EﬁV&P&e&nﬁoFﬁéﬁ
internediate its ewHschhoserespensiivemebeeontredc €dutidc inosatid ahambefr ifoxr

b , th I ket is f d h h | Qf

nt or med at e Bor t BROSRS; hBenBIBEER. Lh0oRR S458GFAGe tOaPbE] Jhe, glosuit
conprising a nandrmémberiagdnanneppbsmte spdesiwhdchnds tespoosnaetmwgthﬁ as
P o i thtng ShireBgp2aio? BRIT E1REA' HROUNR B0RM &F WADGaRMRIO G, |V

aligned with the aRF§® Fin the el So connect ed
sai d mandrel havi ngrgingdi&l fip &hbapgﬁesﬂ@ﬁtﬁéﬁepﬁﬂépmém ﬂﬁgmﬁﬁst@ﬁd§1ﬁﬁﬁée

outer diameter is e t @at f | Ribdlch
mount ed Wi t hi n theﬁ‘fn%nﬁ*“‘?%fo?°o%§n?&§§eaa E‘F‘?s?““’et‘“ﬁ?‘%o?%%ﬁ‘gﬁﬁs °

yleldably urdPng t Rentgol flpdd,is S 8s POEI 1 HR%s MRSty

connectlng with the pocket.
| 5. A valve of the character defined in claim
4, including an actuator mounted within the mandrel for
movement by said piston in one direction to open the
~ closure member and in another direction to permit the
5 closure member to close. '

6. A valve of the character defined in claim
5, wherein the actuator comprises a tube which is axially
reciprocable within the bore and which is yieldably
urged in said other directlon.

7. As in 4, including means comprising con-
duits within the tool body and the mandrel for fluidly
connecting the mandrel bore above and below the closure
member so as to équalize pressure thereacross when the

5 closure member is closed, and means within the tool bedy
which normally closes said conduits but which opens them
automatically in respohse to the supply of control fluid
to the control fluid chamber at a pressure sufficient to

: move said piston but pfior to opening of the closure
10 member. |

8. A valve of the character defined in claim

7, wherein said meansIWhich opens the conduits also
_ includes means for reclosing them when the closure mem-
ber is opened to equalize pressure thereacross.



DOt 1ol Mﬂ”"m hin the thickened wall of ;the interngdiate portion
o t he ’Hmhaw ng.ogpe side which is respensive to contmol

id within the &hafbet to urge sald pi'ston-in a direction to nove sai#l4l5

cI osure nmenber to open position, and nmeans through which control fluid _may

be supplied to thegconm@ollnf layd onea e iclaics d ,;f @plor Humterein A \kal ve
of the character. d ned I n ai nean thr whi ch

cont rol ]tﬁ&l H‘am ?l?pﬁl F@?%ar‘}‘g‘}yl%“slv%e%e%n%f{ﬁ& q'[% sai d

t hi ckenedltsalehdsowholsnemtart Idilametetmtirsoleddentrmambdrhe i@xigsA val ve of

t he char ggt ed dpﬁqg; -another

condui t |8(r£1 gg dggkgéken%d%#%%?gﬁ%%% ‘+ cf'qfromthe bore of

t heSmandtbickened: walfe of dher d mﬁﬁmn of the pandyehr the bore
t her eabove, and nqus WA GRibENr TR |dé/§§f§£y5 tarMp i EHA ta but opens in
response to thﬁ B&% y of control, fluid tq sald chag?er folloman nove-

ment of BangreloBaving.means &ty dhs fPRGsihe ndd, £9T ReNReRn
therﬁacr@.&saslﬁar:ﬁ oF we t@bmhﬁsﬂiﬁr T&rdddefbd}.@ ﬁl’féﬁéﬂhmdéh wher ei n

anot her ¢ or ne ne ovide a.continuation
of Csat d ARRBEST R P8 SRCSHARTLA LY AN SR WL AR ST 00d my- | be
suppl i edthe pamagbmheﬁ Itnerm\a:idmlr e.srmdaemnr@t:ted& vedid tmamddrebnpri si ng
a mandre i f%gﬁh e d | owner
ends whi %ﬁggkgn 3'%169%11%% tégﬂ}cé% [ n su%lb&t{%n I a é%e;li?éj %l%mant with
a wel | pwbesst DM‘-QI' ddametemis EC&enm & thetaxis @bHskts nner di aneter
I's eccenppre,! @ LARsytes u@nﬁé&e R RE RHISin Athd TR i%gyfd!'t hin the

i nner di aneteér of the_intermedi ate section of the. outer dy having a bore
t her et hr 6B§R1RE0 3B GlOsing Hha harey Beans gHQLdakly (yegii@stl® the end

opgpyi ngsci&éu&epﬁéh&rl(io cMosea i sfiqmad. ke rvfcsms@ &i de of the bore
wth its aXkgel! Blambe® %'t'h"in 'he Bafilened WAL OF e
1ntermediate portion of the mandrel, a piston having one '
side which is responsive to control £luid within the
chamber to urge said piston in a direction to move said
15 closure member to open position, and means through which
control fluid may be supplied to the control fluid.
chamber from a remote source. -

11. A valve of the character defined in
claim’lO, wherein the means through which control fluid
may be supplied includes a conduit extending within said
thickened wall to connect with the control fluid chamber.

12. A valve of the character defined in claim

i} ll,wzncluding means 1ncludlng another conduxt in saiad
thickened wall through which well fluid from the bore
of the mandrel beneath the closure member may communi-

5 cate with the bore thereabove, and means which normally
closes said other conduit but'opens in response to the
supply of control fluid to said chamber following move=-
ment of said closure member to open position to equalize
pressure thereacross.

13. A valve of the character defined in
claim 11, wherein another conduit is formed in the

. thickened wall to provide a continuation of said first-
mentioned conduit and through which control fluid may



and neans. t hreadedl y- connecting the inner body in a fixed vertical positi
wi t hi n {ghe -outer body,. said pocket havi gyl an end which is open to the

i nt erakdi ate section 15 of the-outer body, whereby a wire |ine tool may
be rfun into and retrieved froma | anded. positi.on within the pocket. 15. A

'subsurface safefy yal ve suybstantially. as' hereinbefore described with
‘referefice to the aPEofiPBRRYRE &PalRA §.E?ﬂ5a?bs?%5fgﬁﬁgu§ngP &Ti‘on has
been’reproduced by phot ocopyildg t Reweffl itosll,s compgising wpanndrel halvimay

conL 2 e STende Bl ey 248 boehibog B0 195 A" B dower,
the Patent offi ce ends which are adapted to be connected in substantial
' axial alignment with a well pipe string, and an inter-

5 mediate section whose inner diameter is eccentric to the
axes of the end openings, an inner body within the inner
diameter of the intermediate section of the outer body
having a bore therethrough whose axis is substéntially
aligned with the axes of the end openings and a pocket

10 which is formed therein to one side of the bore with its

| axis substantially parallel to the axis of said bore,
and means threadedly connecting the inner body in a fixed
vertical position within the outer body, said pocket
having an end which is open to the intermediate section

15 of the outer body, whereby a wire line tool may be run
into and retrieved from a landed position within the

pocket.

15. A subsurface safety valve substantially
as hereinbefore described with reference to the
accompanying drawings.
'ﬁc text Of the specificaticn Ras been reproduced by photceopruc the. applicants original

typescsipt. It may contain & fev saendasnts which sre difficult to read. The oxiginal
typescript containing these saendaents may be inspected on the premises of the Patant Office
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