2173843~ -1- CONTROLLI NG | NJECTI ON OF FLUI DS | NTO VEELLS This invention

rel ates~to apparatus for.controlling the injection, into a well t

string, of fluid such as gas.for-gas |ift operations or liquids c ynikng
treatment chem cals; and nore particularly to side pocket mandr el s and“’f\lynggh
control devices in the side pocket receptacles of such mandrels. Side

pocket mandrels have been used for many ypars for different applications
involving the flow of fluids fromthe exterior of a tubing string into the
interiqor 10 thereof. Such applications include the practice of gas lift -

t echnilgues for recoveCcgNDRODLING rIMFECTIONIOB FLIDS NENT|WRILSDN of |iquids

whi ch may include t ff zgd(}”e

within the well. Da'g‘/ﬁgég‘tfngfﬁgfgh gle?gntgg4q8 gf%g%t sue Sge?nra{;t:oqq?g’% 3,

1978, is conteenéaietian,aingpda ‘fﬁidkeWbMdFEFlF%cl adi rﬁduadfl%wh

control deviceakn g Sbée gwkitlfte(?@@éﬁé:iﬂoﬁéleroeof1iqm@@ntd&{damgrtdwe

I nj ection of gas into E e tup |nf strl(gr%P 'glg iaz'bf otTpera.t K t)OckeThe

flow control dEGPRETGRT: APEMERTRE! b3} °’fghcq’% %1% S 1€ Val ve

whi ch contr gl smahdrebst aogenthgwi mcmtm:el sddeipeskein r abept atfle fpaghathe

exterior of the gg}ggggiesagﬁi_ g\@éﬁ dﬁgi%tabl e between a port-closing and
0S

a port-opening 1 din eeve valve is qperated

aut omatical |y by a PLew é’Qﬁi‘F&I “\?d’ld\}'@l\ﬁhlfl?rVQSbe?% Pﬁ%@rtfﬁa SN tH AN S
into the side peekalifregeptacippldfcatikas rﬁaﬂdﬁah,ng tiheplowhef ofindids
valve is plaged therein, the slegve val.v S IoC he
port-opening pgg??'l %‘ﬁ’; a?f&t%]e%t‘ﬂg %ontturb]l%‘i/ ?ve rl?g ?g%\r}g@? aﬂ ?#}in
e¢pt acl elot heheredEng Sush/capplica o) mb@d%tutbﬁaplrééltllyet oft 1aas
porT-cl osing peskti Qgcﬁélﬁhégd‘f%'}t W Rferhof |61 CoRbRObITONAA Of drip

Davis patent is tha e sl sl'eeve valve is not renga fromthe
si de pocket re&Bft ah‘]‘leeCtMOPél nyiFuidet WRIFR @aYi gARCLHBEI dt‘ﬁﬂe i ng

sl eeve becone chemicals for different treatment purposes within the
o well. Davis et al U.S. Patent 4,066,128, issued January
15 3, 1978, 1is «concerned with .a side pocket mandrel -

including .a flow control device in the side pocket
receptacle thereof for controlling the injection of gas
into the. tubing string for a gas 1lift operation.  The
flow control device of this Davis patent includes a
20 sliding sleeve valve which controls the port -opening into
the side pocket -réceptacle from the exterior of the
mandrel, and which is shiftable between a port-closing
k;-- and a port-opening position. This sliding sleeve valve
is operated automatically by a £flow control valve which
25 is inserted selectively into the side pocket recéptacle
of the mandrel. When the control valve is placed
- therein, the sleeve valve is moved automatically to the
' port-opening position; and when the control valve is
removed from the receptacle, the sliding sleeve valve is
30 moved automatically to the port-closing position.
A disadvantage of the flow control device of the
Davis patent is that the sliding sleeve valve is not
- removable from the side pocket receptacle. Accordingly,
with this design, should the sliding sleeve become



- cons

.35 -2- defective and require servicing or replacenent, it wll bé
necessary to shut down the well and withdraw.fromthe. well the side pocket-
man carrying that sliding sleeve valve and of. course "all of the
.assgggéted production 5 tubing string. This is.obviously a tine

I ng and expensive procedure, and a nuch preferred formof flow
control device would jnclude a sk+ding sl eeve valve which could be renoved
fromthe side pocket receptacle either for servicing or replacenent. 10
According to the present invention there is provided a _ flow_control
val vedefgetiyge andy reguiks | seHelFERI PEr TERIRCEMEPRy fitow bkt ween the
ext er par n@&dslsatrgr If@r Hfuta aid thleowenanditd oFi t il et dm dewé ce i ncl udi ng

a side R?C a |ng g glonggted rgg gtaﬁlg and_an 15 externa

i de  HoTE BenrAg: osheh ParaRelcPRTRLAte L EERP FRAELPEENdR i posed
for nwwémentand séldcoeneptadﬂe bé&t viden amsappemedlosedd@©giwmon and | ower
opgn Fﬁ%'lhkgorhtﬁl%xﬂgt ' Vegﬁa@ssai'sd ShilfoPory ; asac'lﬂnef | Y SANHP! ady@l ve .
colprising an el ongate body, confidured to be received within said
recep?§89é51N§wEﬁ?q%ﬁ%%ﬁmgaW%aﬁsﬂthIEE%@E?EF%mSSﬁ@mQﬁ 2% said sleeve
vaIvecont&auddevﬁeatmabld Piakrede hasthdngg sheawne c@nwelehﬂghaX|ally

exten HE nger th..nwardly | I for coaction
W th a %ge n%%x{\év% gf%a?’ es}lggg%e ogc{]é\;ﬁ %%%%h%feeal g ﬁlg%r made to the
acconﬁaﬁyﬁ@ngnawsngg rieplaigesent.Figures | A, 1B and 1C, taken together,

C%S“tuteA%ac%Q'nw%n%esgcibgeael 1Hb8ﬁ’t95natﬁé9€ peckebvid@adrel and 30
t he sI|d|n sl eeve, valyve flow contr geV|ce according to the
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controlling flow between the exterior and interior of a

1

well flow conductor; said well device including a side
pocket mandrel having an elongated receptacle and an
15 external side port opening to said receptacle, and a
sliding sleeve valve disposed for movement in said
receptacle between an ﬁpper closed position and 1lower
open position relative to said side port;
said flow contrel valve comprising an elongated
20 body, configured to be received within said receptacle,
having latching means for latching engagement with said
sleeve valve; said control wvalve - latching means
comprising axially extending collet fingers with inwardly
projecting distal lugs, for coaction with latching means
25 of said sleeve valve,
Reference is now made to the accompanying drawings,
in which:- _
Figures 1A, 1B and 1C, taken together, constitute a
longitudinal sectional view of a side pocket mandrel and
30 the sliding sleeve valve of a flow control device
according tb_the invention;
Figures 2 and 3 are transverse sectional views taken
along the lines 2-2 and 3-3, respectively, of Figure 1;
- Figures 4A and 4B, taken together, constitute a
35 fragmentary longitudinal sectional view of a side pocket

)



along the lines 2-2 and 3-3, respectively, of Figure 1; Figures 4A and 4B,
t akén t dget her, constltute a 35 f.ragnentary Iongltudlnal sectional view of

a side pocket * -3-"nandrel - and flow control device according to-:
the invention; Figure 5 is a transverse sectional view taken al he Iihe
5-5 of Figure 4A; 5 Figure 6 is a fragnmentary |ongitudi

sectional view of a side pocket mandrel apd flow control device according
to-the invention, showing the flow control device, in a different operative
condition; Figure 7 is a fragnentary |ongitudinal sectional 10 view of the’
si de ﬁmcket mamandirednd andow T r otontroke, deMdwreng accoedingow tacontha|
device in stijhendi@hher operative condition;, Figure 8 is a fragnentary
| ongi t udi nal - secti onal V|em10f -a pulling- tool for. a sliding sl eeve val ve

shown 15 in one opérdPteepdsS & &F"’V’r?"frﬁedéieﬁﬂb%ét Iefifel takep &RFe 9
i's a fragnent arthel drigiet BaiSnalf gdghirendh;vi ew of the assenbly of Figure 8

.shown i n ang@t her Op%‘rlﬁhlr\ée §°'ld§t'0nfra$¥ﬁ ‘ﬁﬁ\%} con éltlﬂl%tl gtle geﬁ?%irj%mg?c:et

mandrel 10 for Nnecti on |nto ctor inthe )
t ubi ng string éfc}ﬁsf 2f ng ofidsecpooket omapndirals afd t Gbpwg camttaodi dédepbeket

mandrel bei ng aeedediad beswaan a@h%ﬁ'ﬂ&oh?' NEBowi Wy f I8 NG1BAM LcOhtEEE
string. The %Ide po IS an eIonaedg erallytubular menber

having a 25 pP§Y é(?ﬁ'nd“b@%%68fﬁpﬁn°3fr§tﬂ Re“SPEE“RAPEN forns the side
pocket. The side pmlgah:errahdneé laasfvagmmtd:nre].bi‘xg&mﬂhlnylal sereiomal h

.:‘,Mhlr:aaggdag: glsl y a | gnegﬁ‘%s%l%[%[p%o%t E)%ﬁqgi? i ng 51 "?P%ni n%é{) %‘F e30
gaver al l'y par aishowipgr e tiee | sE¥@y neeonrhrehe p¥écpockar still another
operative condltlon, _ : :
Figure 8 1is a fragmentary longitudinal sectional
view of a pulling tool for a sliding sleeve valve shown:
15 in one operative position in a side pocket mandrel; and-
Figure 9 is a fragmentary longitudinal sectional
view of the assembly of Figure 8 shown in another
operative condition. ' . _
The drawings illustrate & side pocket mandrel 10 for
20 connection into a lel flow conductor in the form of a
tubing string consisting of sections or joints of tubing;
the side pocket mandrel being connected between adjacent
joints and forming part of the string. The side pocket
&;; mandrel is an elongated generally tubular member having a
25 projecting belly poriton 1l at one side which forms the
side pocket. The side pocket mandrel has a main bore 12
axially aligned with threaded pins at the opposite ends
- of the mandrel, so that the main bore will be axially
aligned with the bore of the tubing string. A smaller
30 generally parallel bore 13 is formed in the side pocket
and defines a receptacle for the flow control assembly to
be described. _ _
The side pocket is opened to the main bore 12 for a
substantial length above the receptacle 13 to enable the
35 1lateral placing of a tool in generally axial alignment



—and defines a receptacle for the f1 ow control aSseany to be described. The

si de cket is opened to the main bore 12 for.a substanti al | ength above

t he fggeptacle 13 to enable the 35 lateral placing of a Yool in generally
axi al™"al i gnnment -4- with the receptacle to be then noved downwardly into
the receptacle; and guide cans 14 are provided to assist in guiding a tool
from the upper pocket portion inth-the receptacte. At - the upper end of
the mandrel 10, an 5 orienting cam 15 is provided in association with the
mai n bor, nting.ca prov ded S ati o aII orlent a tool
whi ch PEERoRRee ForRPRRERS: B ke D, Boded Epiial Y 0% e ' be' pgped

in theecepdeclpoclaagd mmmﬂﬁznﬂm; lhear©oprb§ungdtmm1aﬁsxaﬂenhto enable
the 10?@&%@' P asseraf {fe hgaler Q;&ktehe 5&?@1&90@&0 A;;%éf]de i nl et

port 2 connunlcates the receptacle with exteriqr si de
pocket Feggptaclen tﬁé i Hres PReEd ??ﬁrnQ§f EPﬂerﬁﬁﬁxﬁﬁllﬂéHdre?? a di scharge
pasSageriéntSnfgocaﬁdlat 1§h§rb0!\ﬂédend fEsdbbapbskevitim dbegraital |y axial

al | gnmgat v bh 't b 1oeeenidcl el Sandd NS, ISPl 0go paeRage Lpr i nates in

a threa to ena e cornection a Sl or s F1ng
conducPrignt| ai gooduehigd disediopgireds ddromah fihg @airp kprev@rd point in the,

vell. chpraggt h@r taém ofr_oSI d6e POgkgte@0 MRNARHe aiHsSCHEE aee@assage m ght
comuni cat e thiﬁl of the rgg tacle\Mtglthe nal bore to provide
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for th&SFRPEEF %IER?FfPﬁﬁF?h Flc PN 9 nf8 ﬁ%@ ntHore. I'n
ei tber lacasal plheembhbwofotheftood ihtonthéhsidecpptlaste is under the

control of ?hfé%‘:%&é@' %ﬂ?‘sé‘i +aml{u9n%%€@¥v HICT LO& %% é‘fe' oner

portion of e recegéacle IS con coaction a sliding \_; '
sl eeveWiihvetBe: e¥eerier wAf dhe hisddeoweecheitti dh-is cRi nehe cal and of :

generalihYustrated form of side pocket mandrel, a discharge
passage 16 is. formed at the lower end of the pockét in'

15 'generally axial alignment with the feéeptacle 13; and
this discharge.passége terminates in a threaded box to
enable connection of a side tube or string 25 for
conducting fluid, such as chémical treatmeht fluid, to a
lower point in thé well, 1In another type of side pocket

20 mandrel, a discharge passage might communicate the lower
 end of the.receptacle with the main bore to provide for
the injection of fluid from the receptacle inte the main
bore, In either case, the flow of fluid from the

receptacle 1is wunder the control of a flow control L
25 assembly to be now described. )

| The lower portion of the receétacle 13 is configufed
for coaction with a sliding sleeve valve 30; and the wall

of this lower portion is cylindrical and of generally
uniform section to provide seal surfaces for coacting

3¢ annular seals of the sliding sleeve Qalve. This lower
receptacle portion terminates, at its upper end, in an
outwardly bevelled shoulder 17. 1ntermediate the ends of
this lower receptacle portion there are provided latching
and relief recesses 18 and 19, respéctively; and the .

35 receptacle wall portidn 20 between these recesses has a



uni form section to provide seal surfaces for coacti ng 30 annul ar .seal s of

the’sliding sl eeve val ve: This .| oner receptacle portion term nates, at -
its upper end, in an“outwardly bevelled shoul der 17. Internediate ends
of this |ower receptacle portion there are provided |atching and f
recesses 18 and 19, respectively; and the 35 receptacle wall portion 20
bet ween these recesses has a -5- slightly larger dianeter than the wall

i mmedi at el y above the upper | atching receds 18, the pur pose of which wll
be deseri bed subsequently. The upper portion of the receptacle 13, above

the 5.\shoul der ;34 pik§yah ah§83t aia@RklY thahd&hd RedlianBinRdd T ety hbovef
‘the |ower porti gn; and “this wu tion particularly includes, an

per  po
annul ar | at chi #§er doPeE IR YE NIt &GRSR alé‘i oWN8 oREFBPSGafe U SH 112 be
descri bed. Thepsl @ekeriskdesiBsequentlig.of an el ongated tubular 10 body

provided- with a_ _pluraljt 0 I at ' erenti spaced
collet fingers 31 i Aeer r}léc??ez;t eg?)f?%arhdgs %%he'?%] eérap | arr%tgér a%:‘olv%éheﬁztél:eeve
val ve is uni¥ ostiomildest B7ends, ataheast shégbshyr ARTIPEr inoRiamekey nphan

diameter is greahe’ b2 dehkne1dweent pbaktiBhd Wahl 1Bngsct ippePOUpSIEE dry
~upper and | ower shqul eri 32 %gfl 33. The coIJ(et lfhnﬁers 31 are&n]t Oégrpd

by circunf er en®REHFUALEE] NCH S HR B PR LA s ERFAL BRI FSSEEE &7 B
these slots, inaadtiingoa fholvoconngoilheaivel 8t wWihyebs, dassvibedm fl ui d
ports through the mgﬁk U LUE, $ag6%e 39aLYEsi6Ps b?tﬁﬂréio QubdeLdbylar
ext endi ng | ugs are  formec |-nterrre3:l| ate _the eng of . respective
col l et findérsbedy farptantidadchg evwhblyerent wikinredd tvat ctifg retessadssd Two

“exit ér nal annu'cﬁ&cu%&@re‘ﬁ&%@'l? Facual csblear €ipgevisdesl aintbeméaiwte end
por\fi on of .the sl eeve_valve 25 . bel ow the collet fi r]%ters 31:. and.these_seal

menbers are axiidid y°@PSced FRF ¢BREFI SHIWMTHEL h&Ti N BOFEVS1 Vadve is”

uniform at both ends, and at the central portion the
inner diameter is greater to define a central thin wall
15 section bounded by upper and lower shoulders 32 and 33.
The collet fingefs 31 are formed by circumferentially
spaced slots formed in this thin Qall-section; and these
slots, in addition to forming the collet fingers, also
form fluid ports through the wall of the sleeve valVe,
20 integral outwardly extending lugs 34 are formed
intermediate the ends of respective collet fingers 31, far
latching engagement with the latching recess 18.
Two _ekternal annular seal members 35 and 36 are
o provided at the lower end portion of the sleeve valve,
25 below the collet fingers 31; and these seal members are
axially spaced for coaction with the inlet port 21 as
will be described. An upper annular seal member 37 is
b provided adjacent to the dpper-end of the sleeve valve
for sealing engagement with the seal surface above the
N 30 latching recess 18. '
. ' An external annular latching groove 38 is provided
~adjacent to the upper end of the sleeve valve for
coaction with the control valve as will be described.
The control valve 40 is an elongated assembly

35 consisting of four stacked components, namely: an upper



W be descri bed. An upper annul ar seal nenber 37 is provid
~to t he upper end of the sleeve valve for seal.ing engagenent with the seal

gro
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8 is provided adjacent to the upper end of the sleeve
on with the control .valve as will be described. The con

sur%g%%aabove the 30 latching recess 18. An exter.nal annul ar |

- 40 is an elongated assenbly-8% consisting of four stacked
“namel y: an upper -6- latch body 41, a latch collet 42, a la
43, and an el ongated nose 44. The latch body 41 houses
~for | dedieindeodiyd 4lnl at dlaitey chdlesntRoel avariebf R@APEAE 4Bde2pdeket N
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| at oh VA, TRsTElRR i VALY, AECRRA A G aha brovt e STOR
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g?'i’ ockRF seFFAR LD ABPYhe a@amaf‘g s

of the&punddcumlvetassam! Yohgieutibral ecapiaicbe. e toakiroy

pi nned

15

vgfbéh§s£2ﬁ§f§pgaggd%hﬁéhb%s spring biased for rotation

in a clockwise direction (as viewed in the drawings) for
coaction with the latching recess 23. A fishing neck 46,
mounted on the upper end of the latch body, extends

~within the latch body_and provides a shoulder 47 at its

20

25

30

35

lower end for coaction with a mating shoulder of the
rotating cam, to . limit rotation of that cam to the
position' wherein its integral 1latching 1lug projects
laterally into the latching recess. The biasing spring
permits counterlockwise rotation of the cam to permit
entry of the control valve assembly into the receptacle.
The fishing neék 46 is pinned to the latching body 41 by
means of a shear pin 48 to maintain the shoulder 47 in
the described interference position. The latching adaptor
provides a lower reduced diameter poftion, which
coincides with the outer diameter of the nose 44, and a
larger diameter upper portion thereby defining downward
facing annular shoulder 51 for engagement with the upper
end of the sleeve valve 30. The latch collet 42 provides
downward extending, circumferentially. Spaced collet
fingers 50 which extend below the shoulder 51 of the
latch adaptor; and the collect fingers have inwardly

end of the
ul der 47. at

its.
recess. The
permt entry J
neck 46 isX‘J

integral lugs at their distal ends for coaction with the.



25 neans of a shear pin 48 to maintain the shoulder 47 in the described

I nterference position. The | atchi ng adaptor provides a lower r ced
di ameter - portion, ~Wwhich coinci-des with the outer dianeter of teggﬁpsg-\
44, and a larger dianmeter upper portion thereby defining downwar :
faci ng annul ar shoul der 51 for engagenent with the upper end of the sleeve
valve 30. The latch collet 42 provides downward extending,. '
circunferentially spaced collet fingers 50 which extend bel ow t he

shoul der. 51 of the latch adaptor; and the collect fingers have inwardly 35

integral lugs afh Jdel quwﬁtQEtQQQ%g gE069§C§BOQs“MEmltBE desé?xbe&leeve
val ve l'atching groove 38 as w | escrib he nose 44 is a holl ow

nmenber providing a cREEBESE gt th% %oﬁf’%P"’v&*\?@eﬁecﬂﬁ}ﬂ‘sdrhnga 3 afBRBPET nl et
port 52 interngEdiratthd tcorairda Gﬁﬂme’lgletdhatrhsmha‘rb]esrteﬂid inlket dechaspe

port 53 fromthe %2@%93&1;@ EPEtO %angt BohOfke @éata‘?r{ angpyl ag

seal s 54 are provi acen ower t'he nose 44
for seal i ng SengdfshamaeniRIrt he3 | ﬁ!-‘@lf'n& esé%ha“ﬁQ?rlT atlesthe dewes) ande 98I ve

above and bel owrch@ioz@l.! ektbirlder anddlafnsaandl 84 a0e ysebveaé&aadﬁse@et 55

I s.provided within.the nose chgn‘gp bet n(#; %nl et anql ou%let %Bi] A
val ve closure hSmbdle 58PPELap W&h e 0P vBOS8ad 55500 sSTHRLRERd i n
a collet sleevenﬁigdmedt|w1unwﬂhaw1ntannaﬂjéaal sumnidass afpwenel sheeeaent
within the n I :'-gi])]ia | se n tion
bet ween t he Io&%rq've é%c%vet H@déc%el et s"ﬁﬂ:ve andﬁﬂ%e noishé h%@l%mﬁﬂ@
define a séf edadivanif@atsmemhare She £ RIVtidgdeithin pehe hapsRddarben :
charge of gas aetwewel eched ipnessusa Butleits B@ﬁf@ a sgl egl18é bbassige

orce ;:afmggd“ 5. 2B THL ™ kLY B OBHEC VBT kseael 0 the
pi ston area expwsextedo irheaf tallleentsdeleve tIke whlch is in turn mounted
for limited upward movement within the nose - 44. A
15 bellows 58 is secured in sealing relation between the
lower end of the collet sleeve 57 and the nose housing to
define a sealed chamber 59 above the collet sleeve to be
charged with a charge of gas at a selected pressure. By
this means -a selected biasing force 1is provided to
20 maintain the valve closure member 56 seated on the valve
seat 55. The bellows sleeve 57 provides a downward
facing piston area exposed to the fluid entering the .
( inlet port 52, to effect the lifting of the valve closure
\_/ wemper when the pressure of this entering fluid is
25 sufficient.

The several stages of operation of the described

~ well flow control device will now be described. Figures
14, 18, 1cC, 2 and 3 illustrate the device with the
w9 ' 30 sliding sleeve valve disposed in the closed position,

wherein the annular seals 35 and 36 are disposed on
opposite sides of the inlet port 21 of the side pocket
mandrel. The sliding sleeve valve, then, excludes the’
fluid surrounding the side pocket mandrel from entering
35 the interior of the mandrel. The sleeve valve 1is



inlet port 52, to effect the lifting of the valve closure member when the

. pressppe of this entering fluid is 25 sufficient. The several stages of
oper of the-described well flow control device will mnow be descri bed.
Figu A 1B, 1C, 2 and 3 illustrate the device.with the 30 sliding

sl eeve val ve disposed in the closed position, wherein the annular seals 35
and 36 are disposed on opposite_gides of the inlet port 21 of the side
pocket mandrel . The sliding sleeve valve, then, excludes the fluid
surroundi ng the side pocket mandrel fromentering 35 the interior of

the maddkalined ifhehisl ee¥BedVpb¥etibh by BhéNLatSend Nof hime cl osed )
positiog bg Ehe I?%cthﬁ.gf 5he gglhet | ugs 34-¥ﬁthi. the latching recess
18. TRE1&FEevEIFarde it Pt inblE bRERPHPACEECTRSthe s phRFtFLIF T thin the side
pockevalweemidd| dave reen pbacemningthhe gicdd tiopookigthimanthel into the
wel | whibB thsckedi Nedide A|l|t3ergf‘i%¥6|ﬁ’q tzﬁﬁ?xgiln evepyal g/gqéo may. have

"begn placed wthin the receptacl e _by sulta ranning to It will beg

seen PRSKEL Mmandxek) 4848 p t Mot lof Wik - theev dubipge, SERNUpper end of

t he valleernandikvallyng thee diaiefd Ngallée 30 OMEE Eﬁ,veeMﬁ}dSpmh .ltlheb
recep S d ntyol valye 40 is.run jntp the we y nmeans
of a gS% gglgg#%oféﬁéggﬁgpg %_gége%u¥?%ﬁf?hguﬂﬁﬁg ea%PgT t et at ch body ‘
41, aWdlhnhbeh segactdali t in Hdig icdmsiedy pahti®n @hHlthee sheevontrol val ve

into bgﬁvéithBOQFﬁéroéné5ofFEﬁe”@Qﬂﬁél.chfﬂdiﬁQ Luel 2 Lbgs fpntrol valve
into the recggtac e 13 es 4A, 4B and 5. i1llustrate> the -

. Fi gu
~caft r §EOQEG wRBFen ﬁeaeﬁﬂ??Bﬁevﬁ?ﬁﬁpﬁﬁc%%ssﬁ%ﬁhd?ﬁwk?ed to the point.
where it | rhe eopgaged tadwveppdr Endrud ihtoslkheveeladl Wy Ibans!It will be ‘\J

not ed that _..i; 0 r ondi 1] f .1he | let _finger 50, the
innerogignng?gg%% Fﬁ§9|gﬁéﬁﬁngg|%3§§%?8tﬁ%£%o ﬁ%tu???ﬁnﬁg i%ggreater t han
t he otther lgitahetkednf 4lhe andpavhicghtl epagche with the orienting

cam 15 to place the control valve into the side pocket of
15 the mandrel 10 and to lower the control valve into the
receptacle 13. ' Figures 4A, 4B and 5 illustrate the
- control device where the control valve 40 has been
lowered to the point where it just engages the upper end
of the sleeve valve 30. It will be noted that in a
20 normal condition of the collet fingers 50, the inher
' diameters of the latching lugs of the collet fingers is
greater than the outer diameter of the upper end of the
sleeve valve, so that the collet fingers pass over the
sleeve wvalve for lateral-" alignment' with the latching o/
25 groove 38, The 1latch adaptor shoulder 51 1is seated
- against the upper end of the sleeve valve so that further
downward movement of the control valve will effect
coincident downward movement of the sleeve valve. The - >
rotating cam 45 has been rotated back by the receptacle |
30 wall, and in position to move into the latching recess
23. ' _ : _

With further downward movément of the control valve,
the assembly has been moved downward to the open position
of the sliding sleeve valve which 1is illustrated in

35 Figure 6. Wwith this further downward movement, the

[



| ateral "alignment with the latching 25 groove 38. The | atch adap
shoulder. 51 is$ seated against -the upper end of the sleeve valve so
further downward novenent of .the control valve will effect coincident
downwar d novenent of the sleeve val ve. The rotating cam 45 has been
rotated back by the receptacle 30 wall, amd in position to nove-into the

| at ching recess 23. Wth further downward novenent of the control- valve,

t he assenbly has been noved downward to the open position of the sliding
sl eevei_'val ve dahstedl éadsﬂdﬂmmbaiedllén FHnddmur0 have Médn tCchmmed

further down v = di f. th e ers
50 have been \(lz\g{nrgred‘[@ &geg__thb %lﬂ?u %oul %7 % %nSQ e Q:he %ﬁ:ﬂ%l teftlmgglgnger
lugs in the | atk¥dsnglyr ‘éb%eIBBCbinghérgpéévéGVvaet*leanal@‘h‘éetMélvarvéﬁldare
thetn 'f’Ckef' togt@{h@eewaxw%%ws tarfw tfh&)tmécﬁéaﬂ\&%{gié*frﬁrrc%wlﬁd bwltthe
coptrol valvy, e 0 e s \Y ve co ngers ar

m?vardl y an pa?é a‘*%"ﬂﬁ" qe ?(?&%d%%o& tﬁ’toq %t @{ggﬁﬁag uﬂnst h
the lower relie3s rcm;etshae ]ﬂeeveTmﬂdeO\Aml]J&ﬂ |fafngteaf.tsesare| sapwedi dmbatrdlal | ow
the collet fin dO A BAE! Phe ‘Jalllt hizp Py t |nﬁ;q,et h§ @t ahiRGRG AR 45

of the latch bo y 41 has noved into_alignment with | at chi ng recess 23
and snaps into $EIIAMRPerghgenehe L18VPF evehdefpacesfovhent Tl st Aewer

assenbl ed val veﬁeyfﬁf.lrédf@és rog a@r@@.@@dﬂ t@ 4E16@SEHe ballthf@agaraosntioh
of the 15 s|eeve val¥ hi r}g_tu.l ar a‘_s Wb_s :ge .bel ow th etgocket
inlet port st° t h% {‘hls i spo??s LW BB IR éf’gdc\ﬂ"}h Bt sI*88&ve
val ve port defilatcibybode 41 ohss beovedninhbe sditsmehtnyéts 3be a.lac!tcmimlg t he
inl& port 52 O’FO‘H?S tsﬂh g% th“elaY@éP(%.f'QE&ESeHEHPe'Eo2Qre5@n%”d

its associated cC eeve re now expos
upward movement of the ssembled valves until that

sl eeve vaI ve, so that the collet fi ngers pass over the sl eeve valve f
t

- rotating cam is released.. In this open position of the

15 sleeﬁe valve, the annular seal 35 has moved below the

side pocket inlet port 21 so that this inlet port is now

communicated with the sleeve valve port defined by the

slots between the collet fingers 31, and with the inlet

port 52 of the control valve. The valve closure member

20 56 and its associated collet sleeve 57 are now exposed to

the:pressure of fluid in the w21l annulus. When that

annulus pressure is sufficient, the closure member 56

will open to allow the flow of fluid to the discharge

'kz? . port 53 through the side pocket discharge passage 16 to
25 the side string 25 of this illustrated embodiment.

It will be noted that a relief port 22 in the pecket

wall, below the inlet port 21, ndw communicates the space

~ between the seals 35 and 36 with the exterior of the

pocket to relieve trapped pressure.

s 30 ‘When it is desired to close the inlet port 21 of

' " this particular side pocket{ a suitable pulling tool is

run into the well and displaced into the side pocket to

eﬁgage the fishing neck 46 of the control valve. with

subseguent upward movement of the fishing neck 46, the

35 shear release pin 48 will be sheared since the rotating



the préssure of fluid in the well annul us. When that annul us pressure is

-suffyCRent, the closure nmenber 56 will open to allowthe flow of fluid to -

t he harge port 53 through the side pocket .di scharge passage 16 .to 25

t he de string 25 of this illustrated enbodinent. It will be noted that a

relief port 22 in the pocket wall, below the inlet port 21, now

- communi cates the space between thg-seals 35 and 36 with the exterior of the
pocket to relieve trapped pressure. 30 When it is desired to close

the.inlet port 21 of this particular side pocket, a suitable pulling tool
‘i's rucamwo lihaokelall lawd upwepbamodemant ohetbeddapobkieddyodkngage the

fishi e A& Hfa i i MAle oW T4y Sulsed movenent ™ of
t he f?gﬁ:ﬂng r?e(_:k_ fG,lm%h(e&gS_ﬁear ere e sle p%hn' 48 wi Tl 1@ S eé?ed since the
" rotat Phg the . £4shinm iagk nb® ALESRAURRE dOfovidifeni nberfAEeRGech body 41.
Wth treeazhear iwitinf thée shehedse R dife f:Bﬁ SL|5QU|ajlﬁll’ovﬂi7n;,0L tiﬁé‘g fis][li ng

ne is lifted out .of its.interferen relation with the shou] der of the
ca%(4§,%mal'{°ow|g%g rate tﬁdcafrﬁ']f%h%re_ %}St gct%eed ?%Hrﬁ%rwgy r’teh]'eeassper ihg to rel ease
it frdéwemh&heatleftichd ngecesess323kurther upward pulling on the fishing

neck will pi@ichert NEpGRPaT YuMalng 4] ahd s ddenkets @f1ihe collet
fingers 50 are en%gged in the | atchi ng rooove 38, 10 the sliding sleeve

“val ve F33SRi | 1h%eCABEEAL uYRHVE vAUnt APt R NCK cCHI®IgLPEEs °f4 ERage the

| at chicodleecEdingkds Ble ap eamyiged irhetHaigba thirsy pgrovvd eslg py the fact

o ni U R i¥lng, WA ailie 0138 e, ROV PlowgP P PRHIF, 00 £1°°°9°

per m thed YaratHaac ckitgs| 34 appgagesshes lagehdngr redessaus® The recept acl J

‘bore mbIemab@ver Em%-h%%%hbmg1%99@§ﬁi¥§e55b§”3héefacﬁh@h@f|@M@b|e i nwar d
def | eit i on of _the | ugs é wi |l not, .allow ypward novenent
arger diamete the wall portion 0 permits the

o
passage of the lugs through the allowed deflection of the
15 collet fingers 31 permitted by the control valve nose 44.
However, because _the receptacle bore 13 above the
1atchiﬁg recess 18 is smaller, the allowable inward
~deflection of the lugs 34 will not allow upward movement
beyond the latching recess 18.
20 In this position, illustrated in Figure 7, the upper
end of the sleeve valve 30 has now moved beyohd the
shoulder 17 allowing expansion of the collet fingers 50
to release the control valve from the sleeve valve. Hence
further upward movement of the cont:ol valve, will ' 1‘j
25 separate the control valve from the sleeve valve and
allow withdrawal of the control valve from the well. The
sleeve valve then remains in the closed condition
illustrated in Figure 1C. : -
Figures 8 and 9 illustrate the  structure and
30 operation of a pulling tocl 60 suitable for withdrawing

o

the sleeve valve 30 from the mandrel receptacle 13,
should that become necessary because of malfunction of
the valve or of a need for servicing or replacement. The
pulling tool is an elongated assembly consisting of a
35 body 61 and a sleeve: 62. The body is threaded at its

(@]



baydnd the latching recess 18. 20 I'n this positi on" I 1 lustrated 'i n-
Figure 7, the upper end of the sleeve valve 30 has now noved beyond ’

shoul der 17 al I-owi ng-expansi on of the collet fi ngers 50 to rel ease t
control valve fromthe sleeve valve. Hence further upward novenent of the

control valve, will 25 separate the control valve fromthe sleeve val ve and
al | ow wit hdrawal of the control valve fromthe well. The sleeve val ve then
remains in the closed condition illustrated in Figure 1C Fi gures 8 and

9 illustrate the structure and 30 operation of a pulling tool 60

suitahl e for vmpbdlra\unﬂg fidre atdlashrentyatovea 8Cithpdm rumaipgndoel 63,
receptac| e hﬁgﬂukgaéﬂ%tg‘f‘fﬂ}e1HeEﬁ§Sé‘£é{wPﬁ§ause of  nal functlon Of the

val ve or of a ne for “servicin acenent ulling. taqol._
el ongat ed assenbly @bﬁsbgsiwngswravaéeéowtel aa’nchaFes‘p nady Fapial § gb‘ody
is threaded at gigt Sagjat@per wNditer @ppachemd; tand sikgs allowerunandg i®ol

63, shown fr ”%Ftﬁgﬁlglg Gﬁn (ﬁe%(?gr avm ng nJ%] %Ci(g}éel ssgr%lq:qp %E}gegn to

external ra pper end; and | ower
end is 5 threep(i'edentto lossepfe the rﬁd@evepl 62e GBI §€r\}é§ }Qper

prevent ‘| oss of, tdhe ts},lge%yﬁzls Mf&@@twighlgscbgwa ach dd¥erdudyeé s

provided wth a cdnoi d cam'surface 66, and i mredi at u war fromthe
conoi d cam sur Pade imedd atelyl aPwazdc fireg gfrhﬁo\Fé’“é’? urdfa'ﬁ?e Ve 62
i's nounted for aellmarslla(&bngngebabbva 87th the body 61, and is-provided

w th an extgernal al I T o]

terninates ¥ axi. aI Iq{p él (y]e ?m rcm% eﬁfnﬂ?’l‘ gfo%aéc)\é\%h& eti’?li%%a?ies\zle
and the. distal wirkds tdle thodye 6fLi;ngads IESPa‘Pé?léﬁlﬂawgé 28 ﬁ?‘B?FB% rEaft ety

i nWerd ext endi ng Jougs 78 and rashéd | wnaut V@Eéi qsiverdidra | ugs the EDeébie

assenbled formté¥ﬁﬂggy2;1ldr§x1a1(§r§£€ n CA; %?chQ?e§é§¥?§iﬁ$ ggaced
collet tingers 72; and the distal ends of these fingers
15 are'enlarged to_provide radially inward extending lugs 73
'~ and radially outward extending lugs 74. 1n the assembled
form for running into the receptacle 13, the sleeve 62 is
pinned to the .body 61 by means of a shear pin 75. In this
pinned_positién, the inward directed lugs 73 are disposed
20 just below the conoid cam surface 66.

Figure 8 illustrates the condition of this pulling
‘tool when it has been run into the receptacle 13 to the
point where the sleeve flange 71 has ' just engaged the
.\45 'upper end of the sliding sleeve valve 30. "It will be
25 seen that the pulling tool assembly is sufficiently long
that, in this condition, the outward extending lugs 74
are disposed below the upper internal shoulder 32 of the
sleeve valve. It will be seen that the outer diameter of
the sleeve lugs 74, in this condition, is just small-
30 enough to pass through the smaller diameter bore of the

sleeve valve 30. o ' |
With further downward movement of the pulling tool
60, the sleevé flange 71 engages the shoulder 17 of the
receptacle 13, which prevénts further downward movement
35 of the sleeve. With further downward movement of the

(]



pinned'to the-body 61 by neans of a shear pin 75. In this pinned position,
t he A rd directed lugs 73 are. disposed 20 just bel ow the conoid cam ’
sur;@a%. Figure 8 illustrates the condition of this pulling:tool when it
has en run into the receptacle 13 to the point where the sleeve flange 71
has just engaged the upper end of the sliding sleeve valve 30. It will be
25 seen that the pulling tool ‘asd@mbly is sufficiently long that, in this
condi tion, the out war d extendl ng lugs 74 are disposed bel ow the upper
internal er 32 of e sl eeve_val ve i 11 .be seen.that the outer

di ametd®? of6 DredBE | 6?"’7?"“ ﬁst h®s s@&ﬁ‘(’j’e\fy 8rd %Eej REEYsAHI I 30 engygh
"t o0 pas®vedr cdgmvwdmed sl leegadieanidtser £ bange 06 4t el tdl eblve sdkewve30. Wth

furt hety dounwar EEM i 11 mleagowolar@%otéae gheeygaf! ange 71

engages &'e "shoul der 17 o} tHhe receptacle 13 ch prevents further '
downwnaras® nﬁ%@‘ﬁ%ﬂt e o‘F°H=1%t fdagers ‘W‘E"f‘ﬁ‘f@rtﬁélﬂ dehwariaaBvenent of the
-1% Qe 633t hen, thee sderst ptfmnaérss tsﬂraar adcandih heeleodypog noved <
domm%(gé_‘ engaelte$ é],ange tht e ev%fl(% e. Iréthls condi ti on®
the c 108 8§6°61% body "has ca tcﬁ‘e col ngi ﬁ’gérs 8ut ward; and
the i enbwkrs | legs 734 oareh@osditionef rngrsnt:heﬁergcdzeu mellagibody | atching

Or 00V& it/ the Lleell! Sral'v%c@cﬂaumld' 320nso i OUL N@T duhligag /4 are
positioned in interference relation wt h'the sleeve val ve shoul der 32,

that t82lp 89 F3nt BOE GOV RE nBEPABIFER &Py MRy FH8RAYEh&2LVEeve val ve 10
3Q0 W3oh subsequent lifting of the pulling tool body 61, the sleeve is also
lifted thr t |<u 7 i Lt he 0 7~,and when the
out war d Iugé' 4%%,461%%'}“99_51%%\/ \?afl \%ges Iriéh? é’.%@?. égdgl géve val ve 15 \.J
will dehe j sleaveutsofalsre ﬂ-ééésﬂa(ﬂhéf%g@ngt‘?ﬁt Aagghing of the

lugs 73 in the groove 67; and when the outward lugs 74

€

engage the sleeve valve shoulder 32, the sleeve valve
15 will be 1lifted out of the receptacle along with the
pulling tool. The pulling tool is_dimensioned, relative
'~ to the sleeve valve colleg fingers 31,  that the lugs 34
may deflect inward sufficintly to disengage from the
latching recess '18 to allow withdrawal of the sleeve
20 valve. | - |
‘What has been described is a unique well device for
the purpose of controlling the flow of injection fluia
from the annulus surrounding the production tubing string -
into that tﬁbing striﬁg at one or more points.within the L
'the -

latching - mechanism for the sleeve valve which

25 well. - A principal feature of the invention is

incorporates coaction of the sleeve valve design, the
configuration of the receptacle, and the coaction of a
portion of the control valve which is selectively Jjoined

30 with the sleeve valve to effect and control the flow of
- injection fluid. This coacting latching mechanism
effects positivé latching of the sleeve valve in the
closed position, allows ready shifting of the sleeve
valve by the control valve to the open position, and upon

35 removal of the control valve effects positive shifting of



pulling tool. The pulling tool is dinensioned, relative to the sleeve

val ve collet fingers 31, that the lugs 34 may deflect inward sufficipg)
to disengage ‘from the latching recess 18 to allow withdrawal of the &
sl eeve 20 val ve. What has been described is a unique well device for the
pur pose of controlling the flow of injection fluia fromthe annul us
surroundi ng the production tubing string, |nto that tubing string at one or
nore points within the 25 well. A pr"l nci pal feature of the
invention is the latching nmechanism  for the sleeve val ve whi ch
i ncorRor at es q:g..aect l.eev SLOL; ~ fi t he
receptacle, an héeloéc;go\’g-:]::t‘%‘;()!"‘r?’e('sjf”E‘cse %loér/?éli(;%o &ﬂ% c%)%?r ﬁ%' ?%gvﬁ In :
sel ectively jditfeF1a®va Malvise to xeyepdl wd thdraprrdcftaf@asoRPist ffﬁemﬂow
of injection dHalikceptaciBlis coacti ng | at chi.ng nechani sm effects
positive latching of | .the _sleeve v e .in the clpse ogj ti al | ows
Peady shifiing  oARIEHEE SRIGES, A% s, IhERhRT of £ vEheb Ehet Ag=ogln
position, &ndafpoth85sleenmpvalalofe tdrmrmotm rot el Ve eiviendsamsn.’emely
shifting of erole. chbe SAESYEadpl VG | BEpEhosRAnROSY: | %mcélrn‘al egge

ffom t he sleeve val ve, to prevent w thdrawal at hat point from_th

receptacl e. AFRIETrSeat §|1@16Prtlﬂ'e |h%nt‘f?ﬁ114"se“l~’n'h’i e J§§P§1‘91518f‘efihe
‘sl eeve val ve pArddvss waleebemwyt hdsgeawnregddiyy freplalkcled r egefiiac| etnben
repl acenent or_servici,ng i eqw red i, | arl he repl acement or
“recondi ti oned %8 ec?vta‘:lvegl vfz th may %é(g& Iman%’rr t(:='5|15I aced within the
‘receptacl el®df the aaf@rmmeetlaamda ta0 Our U.Ref Fatrnt Apphiadatien our
" UK Patent wem | PRoMR32AATH EheMp¥eddhe t BeeBheseAtioAPdd | BBERHON

has~been di vi ded.
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20 25 30 35 CLAI M5 | . A flow"control val vé for use in a well device

“for /.v’a‘ ling flow between the exterior and .interior of a well flow
conr; said well device including a side-pocket mandrel haviing an
el ongated receptacle and an 5 external side port opening to said

- receptacle, and a sliding. sleeve valve Immmﬂ “ ment in .

- said receptacl e between an upper -dldesed posi u mm”m en position
relative to said side port; said flow contrdl °®vatve"® conpgrising an

el ongated | o body, configured to be received within said receptacle, havi ng
| at chi rfgh&d4hs for |atching engagement with said sleeve valve; sai d_y

controly, vad VElow' abaRkBY valRANFFONPE SiAQ aaxw@ﬂ yaexieadicag col | et

_flngersvvl rdtggogrg_ctlng glstalelus 1n ctlgn Wgth Iatchlng
means 1%0% e F5rvesn R con?r? I FUt°as®sef forth in

Cl ai m weslal dftoWI eondiicger s dadidhgwebhf dguied tmdield.wr@daradldal ly inwardly

by & 1 S5eRlC! GabidirbdCena bl fig| AN AGngRIBECTRRL AL A dh! aqve val ve

| at chi ng means when 20 said Ttontrol valve .engages said sleeve valve in said
r ecept LI dé&ﬁﬁar@%v@ﬁ’@ﬁﬂ"ﬁheﬁ‘%ofsa ighdrE6eBEaréPeastf f fom sai d .
| at chi ngl inkiams  UgloFeviibsejuient disdposedTo\farentmofertmitd dineewaidal ve to the -

engage lpeocSé;HaO ezge%geég an upper closed position and lower

open 9051t10n relative to said side port;

£

said flow control valve comprising an elongated
10 body, configured to be reéeived within said receptacle,
having latching means for latching engagement with said ' \’J
sleeve valve: said control valve latching means
comprising axially extendihg collet fingers with inwardly
- projecting distal lugs, for coaction with latching means
15 of said sleeve valve. _ _
2. A flow control valve as set forth in Claim 1
said collect fingers being configured to be uréed
radially inwardly by a receptacle-surface into latching
engagement with said sleeve valve latching means when
20 said control valve engages said sleeve valve in said
receptacle for downward movement thereof, and to be
released from said latching means upon subsequent return
movement of said sleeve valve to the engage position.
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