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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 valves be
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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
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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
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[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
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[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
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uphole end of an intermediate housing 122. In addition, flow tube housing 120 is preferably
securably connected or sealably coupled to base pipe 102 to prevent fluid flow therebetween.
Toward its downhole end, intermediate housing 122 is securably connected to a valve
30  assembly housing 124 which is preferably welded to base pipe 102 at its downhole end. The
various connections of the housing sections 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



5 housing 120 are flow tubes 130 that forma fluid flow control section of
flow control screen 100. As best seen in figure 2D, the illustrated

enbodi mrerwoi2otoes®@g si x axi al openi ngs 128 and si x fl owPCUhsg0128@179h0wever ,
those skilled in the art will recognize that other nunbers of flow tubes
both gre t r than_and | ess than six could alternati and uld
be conddePedks t HPRCthte t%f‘cia%%% SEQHONY CEAEE G wa% Paeafm 3}0W et | ow
tubes ]{%Qvée% tﬁf‘e@‘rﬁe‘ﬁ%n%@l%ﬁd‘ﬁé?f&r&t@&vsédﬁ@ﬁlb@HFba&Q p;}?eol(ﬁy a threaded
retaining sleeve 132. One or nore of | ow tube 130 may have a threaded
cap or [Q0PT]Rpsit®ach s twi amnakr trmremtvvhem bousrmtg bic¢veol 1 8sarsipbdst gipe 102 is a

t heret hr h. The u s, 134. and f| t ubes. 130 .havi i nner
| ongt horlha; SHEF oD aPPBUPEE SEBRGE gHurf ] aSh! tRepreALd i ot | ng
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136 includes a piston assenbly 8, a valve plug O, a retainer pin 142, a

bal | rebaidesired leAclsughahater eunmlﬁthn ﬁrlngzlchahng)e@ﬂursletemﬂﬂow Peuirod sereei® st on

o dar 1 09 Rereafedp aprfe BTG oo b el SampRial, 3R edpaf™

assenbllﬁ Hig ﬁl asvikes tande alctureds wWalls, ereﬂuce%nmh@f Gzluﬁit &lan dtau&rheh@olfedu&ach
col | et f|n 154 includes a lip 158. g}lalned in 30 greater detail

bel ow, E&F @Slmﬂ%&%ewem@hemmthemr%b@ewl ofgle° weld radially outwardly
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posi tion of valve assenbly 136 to allow entry and retention of valve plug
1460w t10n 4% E?Séﬁe%ayﬁgme 2E; msépstw%nmda@ﬁmlmelua%ma@maé9@@11%&5 146

spheri cgl SRl ogki %gseﬁ?g}e?rls%aﬁgw@%? ’ch%% IRk 1ﬂ'th9‘gftdw§19 ré&%ﬁlz@‘tﬁ | th

uphol e portion of ax opehi ngs etween a sealing surface of valve 5
assenblnuniieusofngal @ dssamplict eah @seasmahanlﬁﬁi kedthan psx dbld abenitesly beesed n

figure 3A Trll Ee skﬁ led in the art recogni ze, however, that even
t hough &4 IVYR%I% uEsidgErdayiEhip &b sepRgO e?ffﬁ%‘?“ YRR shape, val ve plugs 140

coul d hgys qt&@&fﬁg%ﬁ k@@i%ﬁre‘snﬁi 9 DGvE YkdcRhly Q% WiBN W BEalck@itRd in its
substantial'ly cylindrical configurations or other configurations so |ong as

valdbe plagigss & aloeapéfﬂlee afsembbat Ihigpcludseal pivipn hssowly 189 ofalvaiplg

assenbl MOhglilrgtlaln %r pin 142 a ball retainer 144 and a retainer pin 152, as best seen in figure 5.

Piston assembly 138 includes a piston body 148 having an o-ring groove 150 and a plurality
of integrally extending collet fingers 154 forming a collet assembly 156, as best seen in
figure 4. At the distal ends thereof, each collet finger 154 includes a lip 158. As explained in
30  greater detail below, collet fingers 154 of collet assembly 156 are radially 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



10 and of being received and retained in piston body 148, as descri bed
below. As illustrated, uphole travel of each valve plug 140 is limted by
seat 160 wocotkowsiedl e travel of valve plug 140 is initi &Cirguskémiossedd by | i ps
158 of collet fingers 154. In this enbodinent a radially reduced inner

di aneter portion 164 of a enings 1 is.sized to recejve col|et

fi nger PoRIRN A SRBE SR ¢ ﬁgﬁo Slew cnty g artemion el bl Aﬁbwﬂm RaR y
constrajgged4ko prevent entry of 15val ve plug 140 within piston body 148.

[ 0031] PiSton assenbly 138 al so includes a shoulder 166, a pin receiver 168
havi ng [Q03YdValseplugnhéd aatspictad as@pheracabblockingtnadnmers arscars snitiFldy albwvel f 1 ui d

port 174. Each. piston.a I 3 S retai thin o e of the axial
bpeni ngé ™96 By aramigR DO 85 SalSheaiiap R Peos RRE SIS o

pi st;on AssPIvudisg 108 dleﬁﬂcteuadslszatpr@vmm 98, aebadtneén R Agdid BA. 2@60&96“
depicted as o-ring 162, prevents fluid travel around piston assenbly 138
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differential pressure, wherein the pressure inside of base pipe 102 is
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142. [0033] Wien it is desired to operate flow control screens 100 Tromthe

r unni ngl dahércguiah ton coléet fingers Hedrerad iy iogtwad iyoopstraiecd totpeeveat entry of
dlﬁgeren 'aHugﬁfﬁv&ﬁhn;F%XnBo¢§ﬁk§ed to a W 2013/ 003009PCT/ US2012/ 041794

[0031] Piston assembly 138 also includes a shoulder 166, a pin receiver 168 having a
radiused inner section 170, a ball retainer recess 172 and a fluid port 174. Each piston
assembly 138 is retained within one 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



predeterm ned threshold pressure above the shear pressure of retainer pins
142 causing retainer pins 142 to shear and piston assenblies 138 to shift

to the riwbtowmsddsurface 170 contacts retainer pin 15PCTAS20298178€en in

figure 3C. In this configuration, valve assenblies 136 continue to hold

pressure nt reverse fl |d fl ow t hrough fl ow control reens 5 100
from priy Wg?f‘ ﬁ}r?%m%osfets%}lf? i40P%T thie 4R PFEPUC Rk Eetpingr PHltSef‘EFaFausmg
di fferephiRl pRiseBBUEsHegr 1Rl FREAMsARALIAR BXtErdat Wi £ rudn@lsumcesw e,

wherein the pressure out si de base pipe 102 is greater than the pressure
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clai ns fﬁﬁﬁéﬁfﬂ@ﬁﬁa&'@ﬁforﬁhlgiﬂnﬂﬁﬂétéﬂlﬂalﬂ fHsSpditicdniedinmNfigure 30 Once contact
2013/ 003009PCT/ US2012/ 041794 What is clained is: 1. Aflow control
screen Ushveangralvef plug d 49 lrpdvbplareiaibet ikl csablisheds valye afscmbbesBpiplonasid a
filter C
posi ti dﬂ:g \ggn!tl Eéve{sgﬁ%{l& gl\ggé%%%%bg Iﬁlgé\ilﬁ gl%gngdg%rg!]?éﬁg&s ]tOO 3 thel Pf%ldF1 re%%c ed
Sport i dnjeatich endigatatioand a val ve assenbly positi oned | n the openl ng
and dis osed within the fluid flow path including a valve. plug,
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first position to prevent the valve plug fromYentering 1n the piston
and r adioaitinatious wathg! ijlustBitive cometineined Wyl ahetheacnbddiments dicledinyentidnon  of

e on BB BTN SaP I B wevemnt e BEASHERERL o0 bt
wher ei NpRnPEeUstBE BHiaded ORI @loofblidsah§ @ﬁdlﬁhocﬂlﬁ@e%t?dﬁr &r efbbditnchiie piston
body fromthe first to the second position | e continuing to prevent

reverse flow and




15wherein, in the second position, an external differential pressure causes
the valve plug to contact the ball retainer, thereafter allow ng reverse
flow. WO 201380300he fl ow control screen as recited in eCaiused22mepei n at

| east a portion of the collet assenbly is slidably positioned within the
radi al |y reduced portion of the opening in 20the first position. 3.
The flo @ﬂﬁfkﬂpag@feen as recited in claim1 wherein operation of the

pi ston body from A BRywf béiiol RASES hAng @ 1 ARRCHNE bBRRIch lafNnicfioPHLY BAled by
a retainer pin extending through the housing until the predeterm ned

i nt er nalipdarfd efikertmediupy ths slomecontrot saghawmpeiSing: 4. The flow control

screen as recjted in claim rein t.he.valve plug further rises, a
Spher i ca bloRurAg Mefised oot e Ealt i pi iy GRepdne St E G IRRREL" |
cl aism IoMi& &idn §hE a6@! | et assenbly 30further conprises a plurality of
coll et fingers. 6. The flow control screen as recited in claim1l

wher ei n t he dwlve pesembhepositionsdgin thopeaningand giapescd ayifiinmdie fuidedew pptht he

Cer con BQmg 0 Bl SN KRGS B ooy hpvindn oG, LHBUREEREE |

pl ug i nadiagy Pusiadlyboshstraineerbyt tie wmdiale Rdugdcpntiastss thbeopealnk meh airder .
8. The flow control screen as recited in claim1l wherein the ball retainer
5magnetRogiionyio magvenh gher ¥dve, Blug i ggtering tipdhg pistannbasypdardishly owevardiw e

pl ug C%E@ﬁstn%irfeﬁ%yl%ﬁé }ad{aﬂglq.é(ﬂfc%d 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



9. The flow control screen as recited in claim1l wherein the ball retainer
further conprises a nagnet and the valve plug is fornmed froma

f err omagre0i2013ms@pi al . 10 10. A flow control screem/usamiogad fl uid

fl ow path between an interior of a base pipe and a filter medium the flow

control screen c rising: a housin ositioned ab t he base pipe
having plural op W&?%twlrsamela|aﬁmts@ag@ BdryhgRg tg?mggl_iéf‘é%@?f wHePs15a
val ve assenbl yiudlisarsfidon Bo%r%&ﬂl%%lﬁ@@o%étmﬁl% all§etalnidf.d f1ow path,

each val ve assenbly including a val ve ug, a ball retainer and a piston
body having a collet assenbly that is radially outwardly constrai ned by the

radially reduced portjion of one of the gpenings.in a first sitign to
breventent iy of 1Re T0%1 SO TRRe & FFOH: Bt SR Bokyisrein 4o §B0tar i y
uncansthaindaehiBYretdh® thadiaBle! plug arltheqdstB® bbiP BftéMthd vERe PGy BORhdté & ball
20wherein an internal differential pressure seats the valve plugs on the

seat s tigtagicevent reverse flow, wherein a predeterm ned interna
differential pressure shifts the piston bodies fromthe first to the second
position while continuing to prevent reverse flow and wher ei n,

in the secorml operiatflaig cposdltscebn agfecttsd &f tlalm diiliesianhd 8ill prtassufugheauses
the 25val ve plugs to contact the ball retainers, thereafter allow ng

r ever sefOMMGings @ Magnet pnd thervalve phye sdaimet fram pderonagnedemaddidln ¢l ai m 10
whgpein at least a portion of the collet assenblies is slidably positioned
within the radially reduced portions of the openings in the first position.
30 12.10The Alflow carttol etresic havang adluie clotveghth theotean nm iftemheofa hase

operation of the piston bodies fromthe first. position to the second
posi ti gHP§ %ndparﬁks@ﬁwﬁurﬁyt?r: 3 HBHORHETERMERAING ¢ hr ough the housing unti |

the predet eridRhgiRtRORA atsbiuf fRIBHE pidk hRYRE PULR dpeni8@e8Fadially 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



WO 2013/ 003009PCT/ US2012/ 041794 13. The flow control screen as
recited in claim10 wherein the valve plugs further conprise spheri cal

bl ocki ng WOrzbEy®3009 14. The flow control screen asPcgdaist@d/osriocl ai m 10
wherein the collet assenblies 5further conprise a plurality of collet
fingers. . Jhe flow control screen as recited.in claiml erein
the ball retla ne}a‘eatI‘ENﬁB‘qulisﬁﬁ?%a? bt 1n Sl haieredt e Safrediiisarhie: on
bodi es.cohhlRe INRrLAMOEIY fehbesreen as recited in claim 10 wherein the
ball retainers retain the valve plugs in the piston bodies after the valve

pl ugs contact the ball retainers. 17. The flow control screen as
recited in clai m.710 erein the ball r.etainer.s netically retain, the

val ve pl ugs o ¢ TRy sanBelcitEenar et i, 7 ARgeer s douet s Pavlich

15r gt ai MIRKS comprise a phBality B cdll@Wng@Rt rol screen as recited in claim 10
wherein the ball retainers further conprise magnets and the val ve plugs are

formed froma ferromagnetic material. 2019. A nethod for operating a fl ow

| agnet al . 2019. A method for o ow
211 uia 11 on pat n Belmarey! vrarear RS el el s PR PR T

t he pi sjositionediin Bablaataddr idtcabs oP@Bipitgrfodécshousi ng posi ti oned about the
base pi pe; di sposing a valve plug within the openi ng between a
seat of the opening and a collet 25assenbly of the piston body;

preyenting epiry ﬂ{e. A& cﬁﬁlro\{ %1:1{%1‘1’ * fe@ft?%ﬁ;lﬁaiﬁj i ?Jlﬂetgﬁfjﬁfle %Xll E‘@Egiin@llfsll‘%(tﬁiél

outwardly constraining the collet asse Inafirst position o

pi st on thodylye plugs in thp pisyamigpdaes aftet thienalvegilidseoetati tht bpll essiners. t 0 seat t he
val ve plug on the seat and prevent reverse flow, 30applying a predeterm ned
internal differential pressure to shift the piston body from

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



the first position to a second position while continuing to prevent reverse
flow, and applying an external differential pressure to nove the

val ve pl wgyoi2nt3goswnt act with a ball retainer in the pistPom/useeyp/04t7her eaft er
allowing reverse flow WD 2013/ 003009PCT/ US2012/ 041794 20. The met hod as

recited in c]Jaim19 further conprisin netically . retaini the val ve
plug in the JFQ st %‘38%1}.0(1 as rec?te n cial 1'5&%rt?1er comprising magnet{]c%lly retalnﬂlg

the valve plug in the piston body.
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