FLOW CONTROL SCREEN ASSEMBLY HAVI NG REMOTELY DI SABLED REVERSE FLOW CONTROL
CAPABI LI TY 5 TECHNI CAL FI ELD OF THE | NVENTI ON [0001] This invention
relates, in general, to equipnent utilized in conjunction with operations
perfornmed in subterranean wells and, in particular, to a flow control
screen assenbly that is operable to control the inflow of formation fluids
and selectively operable to prevent reverse 10flow of fluids into the
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contr olﬂaj)eufﬂmslsvmtd)therfotrhmdnubl ng string. [0004] Attenpts have been made to
utilize fluid flow control devices within conpletions 25 requiring sand
control. For exanple, in certain sand control screens, after production
fluids flows through thegfddgeromdbem Tihanfiterare directed into a flow
control section. The flow control section may i nclude one or nore flow
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[0003] During the completion of a well that traverses a hydrocarbon bearing subterranean
formation, production tubing and various completion equipment are installed in the well to
enable safe and efficient production of the formation fluids. For example, to prevent the
production of particulate material from an unconsolidated or loosely consolidated
20  subterrancan formation, certain completions include one or more sand control screens
positioned proximate the desired production intervals. In other completions, to control the
flow rate of production fluids into the production tubing, it is common practice to install one
or more flow control devices within the tubing string.
[0004] Attempts have been made to utilize fluid flow control devices within completions
25  requiring sand control. For example, in certain sand control screens, after production fluids
flows through the filter medium, the fluids are directed into a flow control section. The flow
control section may include one or more flow restrictors such as flow tubes, nozzles,
labyrinths or the like. Typically, the production rate through these flow control screens is
fixed prior to installation by individually adjusting the flow restrictors of the flow control
30  screens.
[0005] It has been found, however, that the during the completion process, it may be
desirable to pressure up the completion string to operate or set certain tools, such as packers.
Current flow control screens require the running of a separate work string into the completion

string to achieve this result or require that one or more permanent check wvalves be



30screens. [0005] It has been found, however, that the during the

conpl etion process, it may be desirable to pressure up the conpletion
string to operate or set certain tools, such as packers. Current flow
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portion of the opening, in a second position. Application of an internal differential pressure

25  seats the valve plug on the seat to prevent reverse flow. Application of a predetermined
internal differential pressure shifts the piston body from the first position to the second
position while continuing to prevent reverse flow. In the second position, application of an
external differential pressure causes the valve plug to contact the ball retainer, thereafter
allowing reverse flow.

30  [0009] In one embodiment, at least a portion of the collet assembly may be slidably
positioned within the radially reduced portion of the opening in the first position. In certain
embodiments, operation of the piston body from the first position to the second position may

be prevented by a retainer pin extending through the housing until the predetermined internal



enbodi nents, operation of the piston body fromthe first position to the
second position nmay be prevented by a retainer pin extending through the
housing until the predetermned internal differential pressure is reached.
In sone enbodi nents, the valve plug may be a spherical bl ocking nmenber. In
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[0012] In a further aspect, the present invention is directed to a method for operating a flow
25  control screen. The method involves disposing at least one piston body within a fluid flow
path between an interior of a base pipe and a filter medium, the piston body is located in an
opening of a housing positioned about the base pipe; disposing a valve plug within the
opening between a seat of the opening and a collet assembly of the piston body; preventing
entry of the valve plug into the piston body by radially outwardly constraining the collet
30  assembly in a first position of the piston body; applying an internal differential pressure to
seat the valve plug on the seat and prevent reverse flow; applying a predetermined internal
differential pressure to shift the piston body from the first position to a second position while

continuing to prevent reverse flow; and applying an external differential pressure to move the



val ve plug into contact wwth a ball retainer in the piston body, thereafter
allowi ng reverse flow BRI EF DESCRI PTI ON OF THE DRAW NGS [0013] For a nore
conpl ete understandi ng of the features and advantages of the present 5
invention, reference is now nade to the detail ed description of the

i nvention along with the.acc anyi ng. ur.es |n whi ch ondln
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which: dRP141 Figure | is a schematic iIIustratlon of a well system

operating a plurality of flow control screens accordlng to an enbodi nent of
the present invention; BRIEDOENCHPFIONOR] D Nfa¥t er sectional views
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[0017] Flgure 2E is a cross sectional VIEM/OF the flow control screen of

fi gur e MBS 18] Vhish erzeonfige] BIMetialuine SreadfFEnarfigugssoteder to
sectloQ%hey %ﬁﬁl ﬂgaxe v&h@ﬁsenbly inits various operating configurations
that is opera & use 1n a flow control screen according to an

enbodi neat4]dfigtidel p_ar esemmadtiviinbtcaion of a WAN18]stdm gperatidg iasplarnlitys ofréiom ¢
view of a pjston assenblgbgf a valve assenbly that is 20o0perable for use in
a flow C@BHP]rS&Fee%F“‘eC@Fﬁ%% TR RRP g ent Pt ST arRERY IO he present i nventi on;

and [0015] Figures 2A-2C are quarter sectional views of successive axial sections of a flow

control screen according to an embodiment of the present invention;

[0016] Figure 2D is a cross sectional view of the flow control screen of figure 2B taken along

line 2D-2D;

[0017] Figure 2E is a cross sectional view of the flow control screen of figure 2C taken along
15  line 2E-2E;

[0018] Figures 3A-3E are cross sectional views of a valve assembly in its various operating

configurations that is operable for use in a flow control screen according to an embodiment of

the present invention;

[0019] Figure 4 is an isometric view of a piston assembly of a valve assembly that is
20  operable for use in a flow control screen according to an embodiment of the present

invention; and

[0020] Figure 5 is an exploded view of a valve assembly that is operable for use in a flow

control screen according to an embodiment of the present invention.

25 DETAILED DESCRIPTION OF THE INVENTION

[0021] While the making and using of various embodiments of the present invention are

discussed in detail below, it should be appreciated that the present invention provides many

applicable inventive concepts which can be embodied in a wide variety of specific contexts.

The specific embodiments discussed herein are merely illustrative of specific ways to make
30 and use the invention, and do not delimit the scope of the present invention.

[0022] Referring initially to figure 1, therein is depicted a well system including a plurality of

flow control screens embodying principles of the present invention that is schematically

illustrated and generally designated 10. In the illustrated embodiment, a wellbore 12 extends



[0020] Figure 5 is an exploded view of a valve assenbly that is operable
for use in a flow control screen according to an enbodi nent of the present

i nvention. 25DETAI LED DESCRI PTION OF THE | NVENTI ON [0021] Wil e the making
and using of various enbodi nents of the present invention are discussed in

detail pelo it shoul i a t hat. t he sent i nventi rovi des
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In 15 addition, as discussed in greater detail below, flow control screens
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25  control screens 24 continue to hold pressure, however, when the internal pressure is released
and the differential pressure across flow control screens 24 is positive between the outside
and inside of flow control screens 24, flow control screens 24 are operated to their production
configuration.
[0025] Even though figure 1 depicts the flow control screens of the present invention in an
30  open hole environment, it should be understood by those skilled in the art that the flow
control screens of the present invention are equally well suited for use in cased wells. Also,
even though figure 1 depicts one flow control screen in each production interval, it should be

understood by those skilled in the art that any number of flow control screens of the present



25 control screens 24 continue to hold pressure, however, when the internal
pressure is released and the differential pressure across flow control
screens 24 is positive between the outside and inside of flow control
screens 24, flow control screens 24 are operated to their production
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Pt or med s SPEHEY gl 4 o A TR B BRI G s
housi ng.lpllalfb aﬁ{aldmnuﬁteﬁﬁ@ﬁaé abhsingrvejzzieﬂl ddalithas Elopi tBe ASB it 120t g@&mhm e
end. The various connections of the housing sections nmay be nma in any

sui t ablsscyrablyiconnqoird] adeHablnerdplag to base dimsi g ta rpae\ienteﬂwmﬂ@“a@emmweﬁ@

t hr oug e t ene e

Toget Rt i dipalniBe SAPIRAHELEHORLRS 1225k, REVEYR, ROMERE, ' Flalve e
bet3@eerusfdnhtile honenk mn Vhzhandrepenblgred éd weatd pipe 105 anits dimrsxﬁloma qel. mﬂc

[0027] Positioned.in thﬁ %nnul ar regi on hetween, housi ngb e%\le 118 and base
pi pe 1021IPys aonnectlons of the housing sectlons may be made in any suitable fashion including

welding, threading and the like as well as through the use of fasteners such as pins, set screws



split ring spacer 126. Positioned within a plurality of axial openings 128
in flow tube 5 housing 120 are flow tubes 130 that forma fluid fl ow
control section of flow control screen 100. As best seen in figure 2D, the
illustrated enbodi nent includes six axial openings 128 and six flow tubes
130, ho ve t hose illed in.the art wll rec ze that other nunbers of
) ow t BRSTBi gEE L (HaHOMIEE Nedont KA S P SO HILEE ARis Jiany PBE used
and mlﬂe@w%fﬂ%@%ﬁe@ﬁfn@@l%ﬁﬂ&f&rﬂ@d§&@i@ﬁ19@ o?ﬁe%el%'ilf‘esﬁﬂt i nvention. Each of
the flow tubes 130 is secured 10 within flow tube housing 120 by a threaded
ret ai nilA8281 Resitiondd@ therrenplar negien bétwekie hplsovg slabe 130anveleshave H2% krreaded

cap or a,.plug 134 a ciated t with .t bit or sto ow

Cher ot PEGHE st oeR oPopond TaR i kRuh"PLask! Pagheliey e is nner
| engt hslo@@@lg dignes 86w tﬂﬂ)dsq\@O&HatQ‘Bﬁﬁ atflid Flowaehinust sdchien PF ESSUERLEI Wed’nat ing
of each flow control screen 100 to a desired |evel such that a conpletion

st ri ng i08clAdbend seenpinficans 21, 8 111P$$Wt%bﬁtlb‘éﬂlm§@tr1@é]ﬂ§es 35 a3pb openivget Aol e to
count er ﬁt dbﬁ&k u&t? gf b el Qh%sQQE ﬁﬁ%&%ﬂﬁ%@@ £hd &{Qts %3( uIEs f“f' ow
in hl evl at e ract u uce annur ar ransp OI‘ ation

and r eoHLtﬁ;e tw&tsafo’ﬂg@%altd’ifﬂlwﬁ( andl Hessethyn |sﬁ<nghﬂ@l’allt6@1at1{?ﬂy nfeowbedtanmewbmlﬂebeof t he

well. [0028] Positigoned within a plurality of axial gpenings 146 in valve

assenbl §PHEESsH gt 112&1%%0819%# e pé%@wﬁw?%gonﬁwb Rathe ﬂ?%t&bqseléerlg 8IS d

f ' QW C%tﬂf ﬁ'ﬂo%veﬁltb'e %IS% d Caoﬂﬁ%a%d %&élﬁﬁ;g slé@e 11@9 R é}erﬁ&rescﬁecﬂe kBwf i gure
ustrate e I e I ncludes sixX axial openings 146 for six

vaI ve dasbehd) msay hag6a tlhmwtwle:ap or hgges $k4 hisedaied thdrewdh tto wihlibit oiegogfliose t hat

ot her nunber | ve assenbl ies r eat t han and | ess than six could

o et ndtrergeBe SEeuSARntEuaT Bad dime FES da0 ed Rt e SEGpCBRs

pr esent i AVERLIIBR- anl §R2Wr B%Hﬁlrsf #hB gré@,@% dh;p fatifs b S cBA0IEcontidl y&e&ﬁﬁﬁﬁm y
36 will now be described in it various configurations. Val ve assenbly

136 i ndb wodssired pivsk Mhah@@nmnyplqm steing anohelipd aglurdllty of float eomiend spicens142, a
baII i.ner 1 en, i.n fi re 5, Piston
o adn: RS Ehp AR fetu el Rl Ui tond Foriohls! SSRPelPyt o80hS Byok, ' o
pl ural |lhyh1§flly| ategealdiy extiend Religoldiete hhNger Sankb4rahgoffafiéh ang olcligde
assenbly 156, as best seen in figure 4. At the distal ends thereof, each

col | et ‘atergens infhu, ieeshydergtheningthepgodusgvekisicditiedcin - 30 greater detai |

bel ow, Yol 6,.A% I twardly
const r P08 HosloRRFLT DL pRLy EOLF ELaRRRERTR Yad B AN Cul bR O RPN LEY o
entry ofalwadssenplidsgl 31§4maw\fm 0 rpiesdeoiuid dthyy tdi@raAndctiadoafioy outrabsadton
unconstrained in a sec nd oEeratl ng positjon of valve assenbly 136 to al | ow

ent?y alfd- ret Bt iSery 1Bf %? vE fredguy w@e%mmdr\mﬁms%lﬁd%w X OPFBRS014Oval ve
pl UQS QQ'E AL vEEPIEL Exﬁ)h%§ l%@hﬁii\;v@\aelr BlooC kil gd A a?raﬁ aad r@crognfzg'tﬁéta(l)thé/r

0 nmove W thin an uphole portion o openi ngs bet ween a
seal i ngusnirefacievaie vabmelicsSbak erirythdrousi kegs 124 soepiudd ehieraa;n\@d,sabe 160 and

| s 158,, as st seen jn. f.igure 3A. hose skilled in the art |1
réf:’ogn.a?& VEIRES Lot T Pl e fraBhr DR TSeR hissR0n0 ar o dani ot ed as

spheri q@b29]rRe?ﬁ@ﬁ§7ne%@|td’%gme§9§A 3A0v£0u1aGschaye 13b helinadhe be rRasclng! iudi ng
cylindrical configurations, substantially cylindrical configurations or

ot Hér cenbiy g@lsﬁgums)nso \fedwg agempll VI plcbglss 240stan @SS@sqbésblléS of vdveatieng a
seal w t 160 of ,valve a | usi 124 f bei ei ved
and ret éli%he Nt Psnt L4nz 61ob(§1?1 rf%én nﬁd&egcarﬁegaqn "BET ow 1%9 esﬁeﬁlsltnrlg%é‘ guphol e

travel mﬁtoﬁagé@mb@l V& fﬁcu@eﬂé iskéh bddyi mdlabmgs@mad-nﬁ@(grmzd 1dombqllﬂuﬂar@vel of
valve plug 140 is injtially [imted by lips 158 of collet fingers 154. In

this erfiodtogeily, cxdenda avlﬂ%} fingguic b fHiFBRg @i eoret é$sembbt il o %ebﬁst)ﬁeeélxmal
openi ”Qf%&é‘ﬁ I\ il% A& & § J‘f‘e?{‘mifveeacﬁ%l'le%gn)gwﬂﬁr cﬂléés ﬁ?é NAS aﬁl&f%y of

col | et ngers arera constral ne preve
30  greater detail below, collet fingers 154 of collet assembly 156 are radlally outwardly

constrained in a first operating position of valve assembly 136 to prevent entry of valve plug

140 within piston body 148 and radially outwardly unconstrained in a second operating



15val ve plug 140 within piston body MB. [0031] Piston assenbly 138 al so
i ncl udes a shoul der 166, a pin receiver 168 having a radiused inner section
170, a ball retainer recess 172 and a fluid port 174. Each piston assenbly
138 is retained within one of the axial openings 146 by retainer pin 142

and retainer pin 152. [ novenent of piston assenbly 1 is. initially

or eventatRy o a@%eﬁéﬁe@ﬁ%ﬁo o cany anflagpeiong RG - ﬁlpajﬁﬁéﬂhnb PERINt s
fluid qk@yqugaround pi ston assenbly 138 through opening 146. [0032] Figure
3A represénts the running configuration of flow control screen 100 in which
val ve d988¥hbYilesplugs 140 ercgbepistasicaswiphériaal biakkiog aswelrn yndhaa siifiglyl 2o veadd

val ve plugs 140, .are disposed withi.n the.u | nds of axi al .opend ngs 146.
o b Bt SR RS ReLbh Ar SeTuR A heRIGR Sroall SurrfRrl R {he
pr eSSU_ra@sérﬂitﬂir deusthg has Qlepiicféﬂ abQRatl Bo004rRIal liwaﬂ_béh%e@d asfpie Ut ghde of

base plﬂe 102, may be applied to the tubular string deploying flow control

scr eensskilpd. in Spoait pYiH apeaghiachboweitcer thal ovan theigdntal v plpeesslpe dapiatcd ¢savel
thr OUQQBQ&%P %38@9&%@% Jp%%i)%i) ircgo}s{l?c@gvé | QW a\'gkfe%g?dl}éfsl ?W&ﬁ%nwlﬂldﬁ?%{jeens

100 is evente ve ‘as as va rc’ sea

agai nsteoafigiatidi) subsahiiy Stiadrital dohfpiiatidB. oRepeatcodfigressidre 103@ aycl es
may be‘%gplied to the tubular as long as the pressure renains bel ow t he
shear préssiiies B0 pstcapids oprisatingd sc3l godnieaiphehof valye agsapheoustigolydr at e

f1ay coplyrape ﬁ@&?ec@gﬁd &f@ﬂ.&# Pﬁp@féﬂ_’ﬂ&&?pﬂ%ﬂﬁé QéHcﬁB%/cPEeIB&. the gﬁ{%‘gétrgﬁ,d

configuration, e interna ential "pressure may be raise
pr edet ampibizachvehofeshiovavp pbesidies Bhatee by keatdl@and doeslsale éawdl of eblak porg pi ns

142 causj.ng retainer. pjns. 14 o shear .and pj.sto ssenblies 138 to shift
Lo t he. P0G, Gt 1 Taiskk BE 4t AN Culmieaet Shee ol Sler Mpith: pBpotiienh gt et | n
figure B&uccl Nndd BarhQBf b&ﬁbﬁﬁ%;@&f;&ﬁl %%eﬁﬁé@ mh ﬁﬁ?ﬁzé@@ =eaLE RUBtth gl d

pressure and prevent reverse f ow through flow control screens 5 100
f r om priddubericorsupothas cali fingerksilbd ere raduily mutvidlyQoostraigs torprerenaentry of

3L2Eg{§g%ﬁghwgggzﬁﬁ:Eﬂ%@géﬁéﬁggﬁg and an external differential pressure,

Sé pipe 102 is greater than the pressure

i nsi de [pesH mMitpe a%ﬁb%mbl}r?l%p@ﬂsb aflclti@esf h ahoglast neb, 8giiead&ildOl68vahveg pl ugs
MO enter piston assenblies 138 as radially outward novenent of coll et

f i nger sadigged Bnan s¢cging e/ Odiaskalll eisecrbigcesanid? didarrdtuéd ppBrtidonEagu psfonaxi al
openi nga%s&n"bﬁy 138 iﬁ%&ﬁneﬁ%ﬂlih Bne of the axial openings 146 by retainer pin 142 and retainer
pin 152. Axial movement of piston assembly 138 is initially prevented by retainer pin 142.
20 A seal, depicted as o-ring 162, prevents fluid travel around piston assembly 138 through
opening 146.
[0032] Figure 3A represents the running configuration of flow control screen 100 in which
valve assemblies 136 are secured within valve assembly housing 124 and valve plugs 140 are
disposed within the uphole ends of axial openings 146. In this configuration, an internal
25  differential pressure, wherein the pressure inside of base pipe 102 is greater than the pressure
outside of base pipe 102, may be applied to the tubular string deploying flow control screens
100. Specifically, the internal differential pressure will travel through production ports 108
but reverse flow through flow control screens 100 is prevented by valve assemblies 136 as
valve plugs 140 are scaled against seats 160, as best seen in figure 3B. Repeated pressure
30  cycles may be applied to the tubular as long as the pressure remains below the shear pressure
of retainer pins 142.
[0033] When it is desired to operate flow control screens 100 from the running configuration

to the sheared configuration, the internal differential pressure may be raised to a



10 figure 3D. Once each valve plug 140 enters a piston assenbly 138 it
travel s downhole until it contacts ball retainer 144, as best seen in
figure 3E. In the illustrated enbodi ment, ball retainer 144 is positioned
in ball retainer recess 172 of piston body 148 and is depicted as a magnet.

In this enbodi.ment, the material of ball retainer 144 produces a nagnetic
field tHg e_t?rgn%i?erhmthefdt Bfe,s%trsiah%%ﬁhle PRTERI RBP4 FiieiBsy PiPet i RSP ess
172, Lik@Mcs @inst N RGRSL bifd hisRhthssdRoinh B3l et & LI ridfh kil QRFARDID o

attract and retain valve plug MO, which is preferable fornmed froma
f er r onegnercisocratce piral 32,ian bestescpogi figom XholnthincdnfiguragiogEvalGnescmbhesact

bet | | 0_and bal t qi 144. i bl i shed
oss el ibaror Bl i naff qu i pteF e af Shs< o SRk IS0 LT RE Y 1 ow
contsr ol 1 09ck@R psodi@lon Poit €0 tadfiveuaédion and dmjears imemeodifleautial préure

20[ 0034] Wiile this invention has been described with reference to
i |1 ust riatsleasceprben ereemnal difficstigasessist whercinsthp pressuie engislg base pec d8hst r ued

1 st e ot BRSResNe LIRr b B0, S0pRTR AR DA RR 08l w1

be appaiient 140ccnparEas askinblied] 3dad fadiady outiped nickercenstediet fihgers 154 is
description. It is, therefore, intended that the appended cl ains enconpass
any sudlp 19885 disaliomsAsDYolmehsigaicts megion (el aalcpngnifgy 146, as best seempin o

flay c &Q?Dsﬁxﬁ%aé(]?\yah 1%&%¢E&eﬁs'a%t%5&e&%mﬂt BV NGTRe @i % basg

pipe and”a filter nmedium OW CO scre onpri si ng:
housi ngoptasist babinedhiadyoli4, tak ébchlasen pin pegunadiEnglratheoplestrategd wibhdianangdvadll | y

reduced 5portion and.a scat ;. and al ve asse ositioned in the
o e LSSt dhef if i ASinprsegess b e ROt e vaP e d by s
bal | rehaimer Al nRidEhen BedNabaMiorBar ra@hbel4aseaniky hidktt sicl@dhal 'y

outwardly constrained by the radially reduced portion of the opening in a
first posperrbn te tetpndekmetainpiel Adanbell getager reoensdit e Lilyegy isan thehreagricse dinldbody

and .radial Iy _outwa 10unconstrai ned by the radially.reduced tion of
t hg%pe"&ﬁhaél }“egal%ers@o}ngdo%%%q? j'Qfttract and Ty GHXC By 10 whieh F Pkl
pressurfgrib@pfidnt heeirah¥ehclt Ufateriall BEtHRERsitld fHoRMETM fif18¥ EYFS € Gnlc®Wontact
wherein a predetermined internal differential pressure shifts the piston

body f rishiveanevaiye Blbog 160 pné beledmach i sicsibiticlevalonessaubhes 13 pr been
rever Sgar{;ée%}lvrev%&g fhEGe 'tﬂ&eﬂprg%lﬁaﬁ% ?B%P{b%@??&&én%%o%ﬂ ik Brod@ion and
ntia vafve plug

differ pressure causes
injection configuration.

20  [0034] While this invention has been described with reference to illustrative embodiments,
this description is not intended to be construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments as well as other embodiments of the invention
will be apparent to persons skilled in the art upon reference to the description. It is, therefore,

intended that the appended claims encompass any such modifications or embodiments.



to contact the ball retainer, thereafter allow ng reverse flow.
2. The flow control screen as recited in claim1 wherein at |east a portion
of the collet assenbly is slidably positioned within the radially reduced

portion of the opening in 20the first position. 3. The flow contro
screen rech/ed in claiml wherein operation of the piston body fromthe
first pookls 6BPE Phe second position is prevented by a retainer pin

extendi ng thy ougmtﬂwv E&Hﬁﬂ @&eemha\lmg laqw@a et H‘b@ﬁ?\%eh RhahRAbr 8f § hetenti al
pressure is reached. | ow con screen as recited in

cl ai m Ipipsharded ﬁltetrheedmhv@eﬁlowgcmtmt mencmnmusmgs a spherl cal bl ocki ng
menber . flo as recited i in the
ol et " asserbly s tritsard bR hEbaSePiRy i e of Sar e vt Fidfil BB

6. Ehe]iﬁgmﬂgﬁmiﬁgiaﬁ@reen as recited in claiml wherein the ball retainer
is positioned in a ball retainer recess of the piston body. the valve plug
in the pistonvavelyssambbr pesiéongdlin dhppreyintomcheisgoscheviBun (the Buigi fisy path

8. The 1&18%%%“% 1% Rigl @bhie ete[n%irl &n%d hﬁtt@e%dyb 4] o'ﬂe F e tha? a' ner

5magneti ca he val ve pI’s e va
pl ug caatialty SJuchz&db}abd)nsﬁehlad nar the radlally redﬁcedTb@ﬁ'Oh QW Kh@ rﬁ}feﬁingsmr eefhstas

recited in claiml wherein the ball retainer further
position to prevent the valve plug from entering in the piston body and radially outwardly
10 unconstrained by the radially reduced portion of the opening in a second position,
wherein an internal differential pressure seats the valve plug on the seat to prevent
reverse flow;
wherein a predetermined internal differential pressure shifts the piston body from the
first to the second position while continuing to prevent reverse flow; and

15 wherein, in the second position, an external differential pressure causes the valve plug

to contact the ball retainer, thereafter allowing reverse flow.

2. The flow control screen as recited in claim 1 wherein at least a portion of the
collet assembly is slidably positioned within the radially reduced portion of the opening in

20  the first position.

3. The flow control screen as recited in claim 1 wherein operation of the piston
body from the first position to the second position is prevented by a retainer pin extending
through the housing until the predetermined internal differential pressure is reached.

25
4. The flow control screen as recited in claim 1 wherein the valve plug further

comprises a spherical blocking member.

5. The flow control screen as recited in claim 1 wherein the collet assembly

30  further comprises a plurality of collet fingers.

6. The flow control screen as recited in claim 1 wherein the ball retainer is

positioned in a ball retainer recess of the piston body.

10



conprises a magnet and the valve plug is formed froma ferromagnetic

material. 10 10. A flow control screen having a fluid flow path
between an interior of a base pipe and a filter medium the flow control
screen conprising: a housing positioned about the base pipe having

pl ural openings wt radlally reduced. rtlons and sea nd .15a val ve
assenbl y di sﬁoseﬁfﬁenﬂ%eﬂnﬁ HIRE *3 Ak th FRITE oY hardndbe bR el
val ve agsembb }ﬂu'gflﬁ'tﬂéqhﬁgn BoPAVE (R Uve @ug%ﬁta&ﬁﬁﬁ'ﬂ"&ﬁ&etﬁﬂl@r a piston body
having a col |l et "assenbly that is radial outwardly constrained by the

radi ally reduced portion of one of the openings in a first position to

pr event entr he val ve plug into the piston. bo nd r dlaII outmardly
unconstrai ned byrﬁﬁéﬂP%hF%$R§ %@ﬁﬂc@ﬁr%@F lgnql gﬂﬁ ﬁ%é%?

20Wher ehipnaicdI Rt @fnal thdivhivergnt intheligss bbey shat e tvapaevlﬁhg/ €ohdig ﬂleqshut he

seats to prevent reverse flow, wherein a predeterm ned interna
di f f er éAtITEF- pressure shifts the piston bodies fromthe first to the second
position while continuing to prevent reverse flow, and wherein

in the second operating position, an external differential pressure causes
t he 25val ve Ql ugsrﬁeoﬂmmbﬁedl sthen hakdciteetirdtiagn 9, whdreinahd ball radihewiurger
reverse flow he fl ow control screen as recited in claim10
wher ei rpoatprw%%ma&n%ap@ Fbt?ﬁ’ab‘fe Rlpisdprmesk fropa adppspmagnetis mat§Tihbl v positi oned
wi tjain the radially reduced portions of the openings in the first position.
30

10. A flow control screen having a fluid flow path between an interior of a base

pipe and a filter medium, the flow control screen comprising:
a housing positioned about the base pipe having plural openings with radially reduced
portions and seats; and
15 a valve assembly disposed in each opening and within the fluid flow path, each valve
assembly including a valve plug, a ball retainer and a piston body having a collet assembly
that is radially outwardly constrained by the radially reduced portion of one of the openings
in a first position to prevent entry of the valve plug into the piston body and radially
outwardly unconstrained by the radially reduced portion in a second position,
20 wherein an internal differential pressure seats the valve plugs on the seats to prevent
reverse flow;
wherein a predetermined internal differential pressure shifts the piston bodies from
the first to the second position while continuing to prevent reverse flow; and
wherein, in the second operating position, an external differential pressure causes the

25  wvalve plugs to contact the ball retainers, thereafter allowing reverse flow.

11.  The flow control screen as recited in claim 10 wherein at least a portion of the
collet assemblies is slidably positioned within the radially reduced portions of the openings in
the first position.

30

12.  The flow control screen as recited in claim 10 wherein operation of the piston

bodies from the first position to the second position is prevented by retainer pins extending

through the housing until the predetermined internal differential pressure is reached.

11



12. The flow control screen as recited in claim 10 wherein operation of the
pi ston bodies fromthe first position to the second position is prevented
by retainer pins extending through the housing until the predeterm ned
internal differential pressure is reached. 13. The flow control

screen as re ited_.in,claim10 wherein.the valv s further c

spherical bllocki ﬁ&len%%@?%tm Scttb LS iR 5 B ine PG RaRrbE t e
in Clahﬁh&QE@Qﬁﬁ%bﬂlﬂ&gl Eﬁ%m@ssenblles Sfurther conprise a plurality of
coll et fingers. The flow control screen as recited in claim10
wherein the ball retalners are p03|t|oned |n ball retainer recesses of the
pi st on bodi 10.16. cont r ol r ) cited claim 10 erein
Phe bal I r et 2 ner B S R PHESORVE rof ot i P SeRin 5 i BL Rep bl he
val ye phHBS aiprideh plrtgithal boll@fiabaer s. 17. The flow control
screen as recited in claim 10 wherein the ball retainers magnetically
retain the valve plugs in the piston bodies after the val ve plugs contact

t he. bal | 15rl%t .ai Sflow control s]c§eenTa!3 &té&"‘{n c(?emnr % W?l%fe?r? ﬂle allr I%?a{éﬁ ?g afe
e palf §

cl aim 10 whereéin retaners turthe nprise e val ve
pl ugs Qﬁsﬁ%ﬁémﬁmbdkﬁwmm&rhﬁé&@@agmetuybﬂde&mlaI 2019 A nethod for operating
a flow control screen conprising: di sposing at | east one piston body

within a fluid flow path between an interior of a base pipe and a filter

medium the g st o, gy cmpogtsa%eﬁ B ABOPENIA qu nReRAUBL BAL Pasihtiqagr about

t he base pi pe; i sposing a v ve p e openi ng
betmeenhavdeaph@shi%ep&pnﬁMn@m&ﬁﬁr&momhhqﬂmﬁsasaewhbbabfﬁﬁhespiston body;

17. The flow control screen as recited in claim 10 wherein the ball retainers
magnetically retain the valve plugs in the piston bodies after the valve plugs contact the ball

15  retainers.

18. The flow control screen as recited in claim 10 wherein the ball retainers

further comprise magnets and the valve plugs are formed from a ferromagnetic material.

20 19. A method for operating a flow control screen comprising:
disposing at least one piston body within a fluid flow path between an interior of a
base pipe and a filter medium, the piston body located in an opening of a housing positioned
about the base pipe;
disposing a valve plug within the opening between a seat of the opening and a collet
25  assembly of the piston body;
preventing entry of the valve plug into the piston body by radially outwardly
constraining the collet assembly in a first position of the piston body;
applying an internal differential pressure to seat the valve plug on the seat and prevent
reverse flow;
30 applying a predetermined internal differential pressure to shift the piston body from
the first position to a second position while continuing to prevent reverse flow; and
applying an external differential pressure to move the valve plug into contact with a

ball retainer in the piston body, thereafter allowing reverse flow.

12



preventing entry of the valve plug into the piston body by radially
outwardly constraining the collet assenbly in a first position of the

pi ston body; applying an internal differential pressure to seat the
val ve plug on the seat and prevent reverse flow, 30app|ying a predeterm ned
internal dif ereq@w 4@»§ssure |ft tﬂﬁqplston bod ron1 he first
position to 4@ sec SF 29 &t IPQEE@nP) A CRIBPIHRE BRENFISHRY LGy, and

applylqgeaﬂvgﬁh%qHﬁkIQMBﬁgggpt|aI pressure to nove the valve plug into
contact with retainer in the piston body, thereafter allow ng

reverse flow 20.The nethod as recited in claim19 further conprising
magnetically retaining the valve plug in the piston body.

13



