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Casci aro; Ben Lake and Steve Rosenblatt FIELD OF THE

| NVENTI ON [ 0001] The field of this invention is

control systens for operating subsurface safety val ves

and nore particularly control systenms with a piston in

pressure bal ance to the surroundi ng ANNULS N, 27446678-US (D5407-406)

BACKGROUND OF THE | NVENTI ON [ 0002] Subsurface sa?et

val ves are oper at aPPLICATION BOR PaCENDr mal | y t hr ough

control lines that run outside the production tubing.

Titlthese vappgsreBalahyed mabh FoPBubdieratd rvdlyle where a
control system when pressurized fromthe surface

InvMIBEC OBpadq e!aeaﬁaﬁsgrggmg@%gsggvné%%g{l lyhe to push the

apper egrees’ | I'on behind the

{ f L Renoval of pressure fromthe
Flﬁg‘g%b%om@%&gmmm the closure spring that had
previously been held in a conpressed position to_ then
08801k heThe &igld abshigipyentipn s wcratrel] sisisars & enezating subsurface
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the pumochudingannstusi ng. [ 0003] These systens have to deal
with issues such as failing in a safe node if one or

[ systemfail. They al so have

B@%@ﬁﬁiogﬁ@ghﬁﬁwlﬁ@ hydrostatic pressure in the

control line. Systens with a single control |ine down
ti809 e sPubsurecsceriely valvips geg oreratgdifiont the suefaee gormally through
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flappbe typenvhat d corrohwelstom) athe Resatydefro®m fhBafurfate overcomes a
renoval of applied control_|ine doressur_e fromthe

clog $RIEG O HOW P 1P dugtp herflppperat0 degress difo threorengsition dehind
] H f
the 40864k Ho@%ﬁ?itlgeerﬁ’&%[ g)l? ﬁgﬁsw}@ it ﬁﬁ,’c‘%ﬁ{tﬂof sPdtém Saﬂbﬁ'g ttﬁé) Blosure

t he control ) e contro I ne systemtt
spriag dsat hisé prefvanuslystxfer hichl inur eormreessd pbsititreto then push the flow tube

away from the flapper so that a torsion spring can bias it back against its seat to prevent

flow from the formation from going up the production string.

[0003] These systems have to deal with issues such as failing in a safe mode if
one or more seals in the control system fail. They also have to address offsetting the
hydrostatic pressure in the control line. Systems with a single control line down to the
subsurface safety valve typically have a pressurized chamber at the valve preset with
enough pressure for the expected depth of the valve to offset the control line hydrostatic
pressure so that on removal of applied control line pressure from the surface, the closure
spring that acts on the flow tube doesn’t have to overcome the hydrostatic pressure from
the control line. A single control line system that addresses fail safe failure modes of the
various seals is USP 6,109,351. Alternatively a closure spring is provided that is strong
enough to overcome the control line hydrostatic pressure particularly in shallower wells.

Other systems simply cancel out control line hydrostatic pressure with a balance line



various seals is USP 6,109,351. Alternatively a

closure spring is provided that is strong enough to
W@®poni3e9 t he control |ine hydrostatic pressurBCT/US2009/031362

particularly in shallower wells. O her systens sinply

cancel out control line hydrostatic pressure with a

bal ance |inefromthe opposite side of an operating

pi ston than the main control |ine. One exanple of such
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such, $3tnmb7R. UBPU)#13, FTesole HAC 3Re ASSiaR Salé‘d'fmcfﬂ)‘po@ate pressurized

passage through the piston for thé purpose o
chasthess ichgs ¥SP4,42%381% cl osure node if one or nore of
the system seals malfunction or if a control line is
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purpesee b€ nbeaiiiag td €aib wafeocloslirs omadenif Wfe ofybeAbf thé Restem seals
erating_piston in 1Q$ control system had to have a )
malfgRdiion; A df acontelcincol hearehellia g SYBems Sypisylly saparated tubing

prebduP?ValoHP Borttid] Qﬁ’x@Q)réégﬁrgvtﬁlgvltﬁﬁ%e-rﬂétrefgﬁﬁgé% fi sprrounding annulus.

connecti on was expose I Nng pressure an
Tympalyathe ngenptisg pistdnaatthe exhtm] patem hid sehdve a mechahialséomgection
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wa% expd4bd NG tiBiRS %Hés@u&%drﬁw]p@ﬁﬁnk hifbf FedthnRd bdat)ﬁf‘ ©f seals in a

romtubing pressure. [0005] The present invention
housingrsedbada poirtien otthe wperaling piatohds theaegioe thpd st codesitghte the flow
that reference t.he surroundi ng annul us. So .
tubg 5 HRORTL 16 JUPAE RGP R P TR HY GIHERE RffioR grom tobing
prefsatd. ure nodes and this will be explained in detai
when the various enbodi nents are described in detail.

Those skilled in_ the art will appreciate the various )
0Pt s Bhe prseent inpention addressas dltranaive@pproarkss tofhe past designs

bodi S . !

thab EELRRE TS SRR 2Rl PS0hC Shiathait MREreldffferenty than

others opringf failwee inmdentandnthis wil alsaerplatmgd tihedapip emitbedthe various
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emidipns Pt derogbieb i del %flg)l??)'%[wgw_r%ff Y-ﬂl_ﬁ ARREECRtf dhe various

asp&$ bPIMRThGtiBR Tt theldRs@ifitioh B8 1RPGE AR Eniblodintht bfd associated
pressure bal ance. Depending on the configuration

drawings that appear below with the understanding that the full scope of the invention is

measured by the appended claims.

SUMMARY OF THE INVENTION

[0006] A control system for a subsurface safety valve references the surrounding
annulus to put the operating piston in pressure balance. Depending on the configuration
and which seal in the system fails, the various embodiments can differ in their failure
modes. With the lower end of the piston exposed to annulus pressure all failure modes
close the flapper. With the lower end of the piston exposed to tubing pressure, failure of

any of the seals except one will result in flapper closure.
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and which seal in the systemfails, the various
enbodi nents can differ in their failure nodes. Wth

W@ b@boaer end of the piston exposed to annul UBCT/US2009/031362
pressure all failure nodes close the flapper. Wth the
| oner end of the piston exposed to tubing pressure,
failure of any of the seals except one will result in
fl apper closure. BRI EF DESCRI PTI ON OF THE DRAW NGS

BRI PRSIl FHEPERBINGS r cosur e bai anced 1o the

annul us; J0008] FIG 2 is an alternative enbodi nent to .
AOBO7IL aRHS sk 19 # sehemalg vaew od astingle hiae spntel Hystembiithe piston
; 09] FIG 3 is an alternative to
pre%%gegﬂn‘g%@gfj?%g?%&lg%G 2 and having a piston in
pressure bal ance to the annulus; and [0010] FIG 4 is
A0008]i at Fi8h 2ofs dal aBerrfativh emibodinzemt &anBlG.ar agpd stilbhaviag hqressure

blthan a rod piston with a balance control line to the
alanged gpston ?‘E‘EB‘S | PTION OF THE PREFERRED

EMBODI MENT [0011] FIG 1 is a schematic representation

q[0@9]s UbBIE. 356 @n SREAhLNveB I tNEethP@limeROn F16K2 hh@Haviflg h BRton in
art will appreciate can illustrate the various

pregsypokalansa e thefanpplasindsent i nvention. Typically, a
flapper 10 is nounted on a pivot 12 that can conbine a

t on [ ( . t

AB0FICT FRL 400 30 ARh A 1S ool BRESn Al than a rod
pist8 wdihgy ledancardntga Hyeho e sanfaeedvanci ng fl ow tube 16

that is forced to nove against a return bias from
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surface represented by arrow 24 is in flow

qooTyNi CEIG. aMs WstKenRiie $asteseathtion off @ YEbdugfadesdféty FalvBANAR those
manner. Simlarly arrow 26 represents the continuation

skiliged ia thairhwyilb epprsgiateocanidlugirasel e Mayious rrmtfodimenss of dhnpresent

ol th [ -S| control i 28 conpects. .

b8 by, LAE 16 5 B RS8TL BRy P BSRSBRRY £ rsion

spripg $hairshd@n) Chapbete Reppes1®agditie tiat fear 14 The Mibpéi X i@Hushed to
32 fromchanber 30 and it copmunicates to the

turns P} fesmertiang samebindenadyeneins ety tthatis derged foameupegainst a
retur? bias from closure spring 18. Passage 20 goes through a housing that is partially

shown as 22. A string from the surface represented by arrow 24 is in flow communication
with passage 20 in housing 22 in a known manner. Similarly arrow 26 represents the

continuation of a tubing string to the producing zone further down in the well.

[0012] A single control line 28 connects into housing 22 into chamber 30 above
the operating piston 32. Chamber 34 is on the other side of piston 32 from chamber 30

and it communicates to the surrounding annulus around housing 22 through passage 36.

[0013]  Piston 32 is preferably a rod piston with seals 40, a lower seal, and seal 42
an upper seal. There is a through passage 44 going from lower end 46 to upper end 48 of
piston 32. Above upper end 48 is a chamber 50 in housing 22 that gets tubing pressure
communicated to it through the passage 44 from inlet 52. Link 53 connects piston 32 to
flow tube 16.



[0013] Piston 32 is preferably a rod piston with seals

40, a lower seal, and seal 42 an upper seal. There is
w@2aboough passage 44 going fromlower end 46 ROI/U§IEY/031362

end 48 of piston 32. Above upper end 48 is a chanber

50 in housing 22 that gets tubing pressure

communi cated to it through the passage 44 frominl et

52. Link 53 connects piston 32 to flow tube 16.[0014]

I eration, applied pressure fromecontrql, |ine,28 )
TOOREC" ¢ I Oporah moblied bR Fomn ol fac g8 aisey g pressure in

chaditier 130 hOtheSpiMMbbessiat: #8ds th@pfdsdddPaid e SaHer APSdes open.
Renoval of pressure fromthe control |ine 28 allows

Reppeal s mireiggurestrony the cprtonidine 28 allowsdihe fspriegid8 to evenseme the net
. r [ in.li h rr.oundi
o RYALP SRR BASSANE el o8 88 308 LGB A e
Thé berimpel 8 ¥ sis&diteowicdihés i net Hr&sinses pSnt 3D bethvie&€ control line
h(j;rydrostatic nd annul us pressure apart from sea
yare

PYRIS Kl annusISRressuty apat faom wedd rrighian #irseals 49cpdA2 when piston
32 Egﬁrgg rPi%P'S}O%P&MQM' Xmg}ﬁycp ke ‘f’lo(xp%llfbg Q¥ B1RG st 40 which is

W sea ch I's exposed to tubi'ng pressure on
exposal ®i wbingnuesnreubrusngsids and enmiud pressukdon tisi cther SdalSeal 39,

39, the piston seal, separate hanbers 30 .and 34.
the gisin 53, iS@%ﬂe%Me&éﬂg@dgﬁ% Sesl Laa on Su° HAROLRigion feal 39 and
seal 0 ort IR IPBAR! &g 5f a1 99 £9ALcaPI0 S A @ades 4het #;fbsing force
nost cases a net closing force acts on piston 32 from
acty gbi migfoprids ome tybinghpregswip poshisgalp 40 seaiddtandilansulus pressure
[ esdz)ur e us{]"gi;g down on seal 42. [0015] If seal 40

pusﬁ’éﬁgl Iy Seﬁ sure in the tubing will comunicate to
t he surroundi ng annul us and pressurize chanber 34

fleersIng Ifheeapidst @iils3 Zhel pradfide tinethle! APRRY Wil Wnkthwdate to the
closed. If seal 39 fails in any illustrated
SUrroRBYAE RERYLUS ARk PreswEiTA shampkersd 5g the RistpR 32 dipand) the flapper

; ' n ; ] [ d
10 IS8 ch MeSeADSTAls AILEPALS s O G E cnnc v o
presdaredidierantiab sabss4Be histdrs32 frem tanndoh @nﬁ?ﬁ&&d rtlbe dlokiire gpfing 18
.4 nt h 0.and_prevent, spring. 1 rom cl osi ng the
will g e Higps li?eéosgp Hapvemitisel 43 dais t?%“?)&g BoSEOW hget into
chahibBi 3@ aRy glgﬁeﬁt SpREE P8 86l HSsihd AW ﬁagpsr #hsin& égﬁ{xﬁ 18 is not sized

pressure | ance t O tubing pressur Hence |
for evdyoerningrtubing pré¢seure botause tie Aow ttieckd is e preabure balange to tubing

pres%ﬁlger.] éﬁe $e21}1§,|18 Ezln}%gd%%eg]?, fgﬂlgrg glg %%;f gZ gnea iesg{l]le %Elvgls%y o})'en.

[0016] FIG. 2 is a modified design of FIG. 1. The difference is that a second

lower seal 38 is added and the lower 46° end of piston 32° is now exposed to annulus
pressure rather than tubing pressure. Annulus pressure also goes through inlet 52’ to
chamber 50°. The piston 32’ is in pressure balance from annulus pressure acting up on
lower seal 38 and down on upper seal 42’ through chamber 50°. Piston 32° is also in
pressure balance from tubing pressure pushing up at seal 40° and down at seal 38 because

those seals straddle the link 53” that connects the piston 32° to the flow tube 16°.

[0017]  If seal 40° fails tubing pressure enters chamber 34° and the annulus
through passage 36’ pushing the piston 32° up and the flapper 10° will close. If seal 38



| ower seal 38 is added and the | ower 46" end of piston
32" is now exposed to annulus pressure rather than
waQ Mg essure. Annul us pressure al so goes tPCDUSI009/031362
inlet 52 to chanber 50'. The piston 32' is in
pressure bal ance from annul us pressure acting up on
| oner seal 38 and down on upper seal 42' through
chanber 50'. Piston 32' is also in pressure bal ance

. ' . hi L 40" d .
LIS IR T OB 50 S B e
flagipent 0cwilneloses If deal 42°Hredks Peessiir® i e Jon@rvl L8’ 1l pass into the

[0017] 1f seal 40 fails tubing pressure enters
mr@gﬁﬁbwgh&ha@h@ 10 end prsrge 4¢ hisLigR clpsussagpaingd8’ will be able to

coRABD RS, BELREFD1 0 s LGl APy it s

the annul us and get into chanber 34' and again the
f08b§er HIG. dws virtwlllyshe sanfie asidllG. 22Vithh thealiferenasisaimgethatpiston
he Ss i.nt.o the_ annul us

, ntral line 28" wll _
327 fraglignd ﬂm%%ags gt paS Boehpinatah HOHEY o) oagngetion 60 to
the BAUINThdSbeeiailied® RihBet S0CIPHEt thb Sorf 492PPBhe Dfton I*Eis again
. design of FIG 2 fails closed if any seal 38, 40" and
in oppamprirgtion Witl 1183 amEuiys despie thiere being ynot paesagarthroagh Bistin 32”.

L,th the.di,fference,bei ng thas piston 32" is soli.d
tie] 52 Bt &L RCR T o 27 B RRP prSis S chamber
62. 1104l \oetier réspeAYNBEFI®B &RignOfuhftfond RN AR théSarke Gy addRFIG. 2
to chanmber 50" so that the top 48" of the piston 32"

desig. agai n in communication with the annul us despite
there being no passage through piston 32". Inlet 52"

e | : " 101, i B
JORRTE FICE 4 BRGNS HEL (oxeBbhe Bt b a Ml hape rather
than heod-5i@pe 3s dastrgted inFoGi basd snedsaid mldroed satie Mlancadine that
t FIG, 2 ign. [O FIG 4 js simlar.to FIG 1
run, {0 okt S5E (o whe 108 st Pk Bhebrued o jepidh 4 sal 104
to JePhtafl@RSadnents 15d Al 68 TutidCprelsiRO s (S pRSERSHE Downward

bal anced with a balance [ine that runs to the surface.
movriweent ofihe floe talo 19 sotatep thst Bappe0 212 and gompredsesthe spring 114.

with a l. 104 to.se te compart nent 06 an .
Cofbfind 398 4s fpibep @ 15 RIG SpfORE Pimiad hrovaRin by arrow
1160indtdomphitent 1084s E6kthet Rl ad BSothdtohiralNBR ruididg BRék to the surface

conpresses the spring 114. Conpartnent 106 is

and seheraatically represenieddyy arenw A88. Faakiel 0cqidetienare greferably the same
2SR LERALY P8 RSO B PPN 0R oy s
116samrifiA@ewhen no pressure is being applied to either line from the surface. Seals 120
and 122 have tubing pressure in passage 110 acting on one side and control line pressure
116 acting on the other side of seal 120 and balance line pressure 118 acting on the other
side of seal 122.

[0020]  In operation, the flapper 112 is opened with pressure applied in line 116
that compresses spring 114 and drives the flow tube 100 down against the flapper 112.
Removal of pressure on line 116 allows the spring 114 to drive the flow tube 100 up so
that the flapper 114 closes. Since there is a balance of hydrostatic forces on piston 102

(%



and schematically represented by arrow 118. Seal s 120
and 122 are preferably the sane size so that piston
WA ®IN%30N pressure bal ance fromthe equal hydr@BEUSRDY031362
pressure in lines 116 and 118 when no pressure is
being applied to either line fromthe surface. Seals
120 and 122 have tubing pressure in passage 110 acting
on one side and control line pressure 116 acting on
th
the g AFF oS 17 rile B g BRIy otaRE BB RN Fon piston
1023$iﬁd§eﬁﬂ1hml’1s nd bmhfﬁ)anmefmgldﬁltm tlﬁpe:nb@kixmehh pressure
applied in I|ne 116 t hat conpresses spring 114 and

dri 00, down he fl 112,
Ao S%‘r FS Shen o %EQSEQHQ%&B? rgq gf spring
114. ‘Faﬂ{u‘ev@f dehe13 QIYYI EH'&&‘ 1R Pes§&etﬂlﬁ1{1] g d YAPRRS chddber 108

closes. Since there is a b ance of tatl C orces
forging pieslom tile2t0cupspdi the flapger ddd smﬂaxloshaﬁ/aalumobsralslmmll send

bl PBRRiecran Pasthes BRLR hembe’ B ARG DD Risticiies Soring 114 10
hol@ lﬂﬁtoﬂdﬁ@ﬁlm $RB 3kl esh presfiad isldpplibe ﬁﬂké chbitd 1ihbe14. apper

112 will close under the force of spring 114. Failure
of seal 122 will allow tubing pressure from passa

19623 1n¢ oTbcrﬁ& risitled imtheragh wilkappresiate thehe ety 06 eoxm;sg gyjems are
dlsélgfe tbﬁ ?rg%e %Adol ?lhg afid a ?ésjsﬁp’e%fgmfgle@ﬁ gl%%th aéect to the

e SSUre from passage
annahg. The ﬂesllgdsehat faiv eafpolused areralsogpréshdre mldiebdtd ﬂihbmg pressure as

[0 ¢ D

| apper 2 open_unless pressure is applied to the
Welio\?rﬁfsare é*i:‘llﬁ’@eltfsthe oRIBY carheear gk PP iends Hith ore drough the
is 05 Skt G N ) AR B s, o e

preferred smbedhadn mkmephsqonsnn mewne for mecsrp eod pisto)ns bet athewpison shapes

The, de t hat. fai afe cl d.are a
are SARSTPUEA, S POBIFR HPELED & QOSGRAT Opel Jof Boparie ressure
are (@t nB&1e@N THE WBnEIAH pRSGHE iR usQPRPHCRaANHpa¥d ikseb ML control line
through the piston or with separate exposure of

h d@@ﬂ@%@dﬂﬁﬂéﬁ@@ﬂdﬂhq desyt spring 1%isgined tagvaseass netdorce nntthreplston
ﬁ'orgrtﬁf % { Sq“fe?gxg 13 &?Qsts%rt ga%tlglﬁsgxglg an be Ong%%gfz g}énng to push it

ons bu

dovﬂfﬁﬁisthé hﬂxﬁﬂusﬁlhamﬁf@ylﬁg tcﬂﬁﬁsﬁ&tﬁacﬁc% cont rol line
hydrostatic pressure are not needed. The annul us

pressure is used to at least in part offset the
d8% 3ol Theabexsafessrintion lspﬂés%grav‘ée & dhe weeterest grbodiment and

maPhioBFickortsSmay $6thdd® bIMRE L IR thO bfiSwitbut & ditd §Bm the
invention whose scope is to be determined from the literal and equivalent scope of the

claims below.



fromthe net difference in pressure acting on it from

the control line trying to push it down and the
W@ eahwsopr essure trying to push it back up. [BORB$H20091€31362
above description is illustrative of the preferred

enbodi nent and many nodi fications may be made by those
skilled in the art without departing fromthe
i nventi on whose scope is to be determ ned fromthe

Wl ilt.er,al and equi val ent scope of the clains bel ow W
“P4Mm 1. A control systemfor operating a downhol e

1. t 00K dohR8) syBRmSIHF bAGRing P APWAKIIO B0l BobOfk sPIR] Enprising:
having a novabl e nenber in a passage connected to a
pi st &9l hensing kaying dmoville masthee i1 & passage eanectebtesd pigton and a

] d fi b
o RS 40,58 [T, L S 8 o
chapitet alefiaed! byoxsd | stoRe fBe tarigdl Rfiveelt 85 shidr f8tonS@Ad movable

novenent of said piston reducing the volunme of a
megbeloagRinth Anbiat foree.suidi muygaiepigot srid piston feducing the volume of a

L ) . o | .
secATMANAR i 4l Hohilnf U3 S Cc MG Ry BT Br @R dimbole in an
anmwhsraedund saidchooppgsed ends of said pi ston conmuni cate
Wi t ressure in said passage in said housing. 3. The
2. sys{]]é‘gﬁyéknb‘l’fgil?ﬁnlf’ ‘WPé‘géi n: the opposed ends of said
Pi StERpFRRHURICAH RidMibd e&&m&&m@&k&é e\ in said
annul ug around saih lougi ng. 4. The s stemgjf (i:q élisrsﬁgf,msm
hougingr ei n: t he opposed ends of said piston comunicate

L.t h _pres e hol.e in an annul us around said

3. %sﬁ_yﬁtﬁmt%?ciﬂﬁﬁﬁ%?& e annul us connections in said
hougk Neppofed B & $4i8 MPiStbn dohrinkcat¥REEE ipRess®R| dhwnhole in an
novabl e nmenber conprises a flow tube novabl e agai nst a

annglus grauad spidibeysing turn a flapper to an open position
4. forTﬁés@WehMt"c‘l’aﬂEfvﬁ%?éﬁ‘Qe t hrough sai d housi ng;

the opposed ends of said piston communicate with pressure downhole in an
annulus around said housing through discrete annulus connections in said housing.
5. The system of claim 1, wherein:

said movable member comprises a flow tube movable against a closure spring to
turn a flapper to an open position for flow through a passage through said housing;

said piston is linked to said flow tube in a manner where said link and a portion of
said piston adjacent to it are exposed to pressure in said passage.
6. The system of claim 8, wherein:

said piston comprises a plurality of spaced seals where the failure of all but one of
said seals allows the closure spring to move said flow tube to let said flapper go to a
closed position.
7. The system of claim 6, wherein:

said piston comprises a piston seal, an upper seal on one side of said piston seal
and a lower seal on the opposite side of said piston seal from said upper seal;

said lower seal is exposed to pressure in said passage.



said piston is linked to said flow tube in a nmanner
where said link and a portion of said piston adjacent

WQ 200009430% exposed to pressure in said passagePCBUSZIbE031362
system of claimb5, wherein: said piston conprises a
plurality of spaced seals where the failure of all but
one of said seals allows the closure spring to nove
said flow tube to let said flapper go to a cl osed

8. posﬂlé W&ten?off;'i?l?n §y‘§ﬁe§%§hpf claim®6, wherein: said

pi ston “conprises & prston seal, an upper seal on one
si dexidissai skapiis txpossdad saidcboatrbbling commltiom oh e side and the
opposi te side of sai, p| ston seal fromsaid upper

annulis pressyre FUTghRGing sai¢ bowsing onteeprostieFid&sure in said
Pasga@fovier sddlSs §i’1§§s€md3£mﬁﬂlﬁ' &F%Pre"\g}?fh@'sme (@?bgteoﬁ&ﬁ%ch it

seal iIs exposed to said contr I ne connectron on one
1se@@k@d&1;ﬂa$dl@mmsutws pressure surroundi ng sai d housi ng
' d said | ower seal is exposed to

osite s
2. ann %S”%ﬁb%ﬁﬂ?%? $@8%si de opposite fromwhich it is

eXPQRSEGppe? sOATS SRR BSBH &ntrd] Lidd ot R0PoneCdidd £ﬁdgannulus
wherein: said upper seal is exposed to said control

preﬁurﬁeort@\ﬂ letoppesitsriram svhichdie issaxgosedia baid cpntead dime eommection.
th |te froomwhich it is exposed to said
0 ﬁdy% e?rg&ép c‘i"?%?% 10. The system of claim?9,

V\/nezirﬂhh_lms ramufeug Pheamicaed © SOIMPHrGRaIetrdughSapdbsage through
upper seal through a passage through said piston. 11.
saidipjgtoBy st em of claim9, wherein: annulus pressure is

11. COMpNd s}géfrpgf zlu tdierdifr ough said housing to said

upper e system of claim 10, wherein:
f ai Amnhlsqfresaredlspd:cﬁﬁmmnsaedl diectbpitidolighvedid dvaking avsail upper
eafaid fl apper to cl ose.
12.  The system of claim 10, wherein:
failure of said piston seal or said lower seal causes said flapper to close.
13.  The system of claim §, further comprising:

a single control line connected to said control line connection to communicate
surface pressure to open said flapper and upon removal of applied pressure in said control
line said closure spring moves said flow tube to let said flapper close.

14.  The system of claim §, wherein:

said piston comprises a plurality of spaced seals where the failure of all of said
seals allows the closure spring to move said flow tube to let said flapper go to a closed
position.

15.  The system of claim 14, wherein:

said piston comprises a piston seal, an upper seal on one side of said piston seal
and a first and second lower seals on the opposite side of said piston seal from said upper
seal with said first lower seal disposed on an opposite side of said link from said second
lower seal;

both said lower seals are exposed to pressure in said passage on their respective

sides closest to said link.



13. The systemof claimb5, further conprising: a

single control line connected to said control I|ine
w@mpes)on to conmuni cate surface pressure t oPCRESR009/031362

said fl apper and upon renoval of applied pressure in

said control line said closure spring noves said flow

tube to let said flapper close. 14. The system of

claimb5, wherein: said piston conprises a plurality of

165pa‘1"ﬁéjsy§§:%§ é’i@i‘?ﬂfst\ﬂ?eréigj lure of all of said seals
al | ows™t he T '

closure’spring to nove said flow tube to

| et bethisgidffirstp@rsegond lowar sdalis@d epesed t®Annuhis. préddtre on the side
system of claim 14, wherein: said piston conprises a
oppgsits tovhers they are ex9esd WRPssBRe 18 S8d PRYBEST sai d pi st on

liseafh9ﬁgmﬁ1ggﬂ§ ggsg§§&gpd | oner seals on the

opposi t'e si pi ston seal from said upper seal

Wi t $nids pistbnf ¢omsiriseo wepistare sdal, dinsyppse skab on ane ajifeastishizl piston seal
i de of sai Iink.fro&as i d second, | ower  seal; b?;h
andZzoye sl ph s ARPOsst iptgn 3o o said HoRSESERL
pPasgad | ExploS | bilfs PorRAli -
PG S8 Lo Sl SorbbffiRe Fufieftin (ifoRAie apd annulus
prefsuresen the didceppositel fome whidhail & expesedip said dottooldime wbmsection.

pr ure, on e _sjfe .opposite to where they are
18'exgg]§ee Steg %t:%@ghi‘g W}Wpeg‘él d passage. 17. The system of
¢l adniufif, pridiefeeils onmlflcadd B o0k QWr's‘éﬁSth?odghsd PA¥sage through

_seal, an upper seal on one side of said piston seal
saihpigfod: | ower seal on the opposite side of said piston

19-tsgafhef%’9f§gﬁ<?ﬁcg?iﬂfﬁnﬂh%?§k; sai d upper seal is exposed

sal e connecti on on one side and
annanulus presats 8 @ihbisicated @iepdo srbegH &40 MAkiGR tbtsaids upper
exposed to said control line connection. 18. The
sealsyst em of claim 17, wherein: annulus pressure is

O'fﬁ%@%ﬁ%%@ﬁgﬁ%h%r seal through a passage
a single control line connected to said control line connection to communicate

surface pressure to open said flapper and upon removal of applied pressure in said control

line said closure spring moves said flow tube to let said flapper close.

21.  The system of claim 2, wherein:

pressure in said passage is communicated to opposed ends of said piston through
a passage in said piston.

22.  The system of claim 3, wherein:

pressure downhole in an annulus surrounding said piston is communicated to
opposed ends of said piston through a passage in said piston.

23. A control system for operating a downhole tool from the surface, comprising:

a tool housing having a movable member in a passage connected to an annular
piston and a first control line connection on said housing to allow pressure to be delivered
to a first chamber defined by said piston for tandem movement of said piston and
movable member against a bias force, said movement of said piston reducing the volume

of a second chamber in said housing that is in communication with a second control line

connection.



19. The system of claim 17, wherein: annulus pressure
is communi cated directly through said housing to said
wappendsenl . 20. The system of claim 17, wher ePCIE/US2009/031362
single control line connected to said control line
connection to conmuni cate surface pressure to open
said flapper and upon renoval of applied pressure in
said control line said closure spring noves said flow
24! Ubﬁ“h%gyit% of Mafln Db ARRGEC! 0se. 21. The system of
claim 2] erérn: “pressureé in said passage is
cong@ithino@blsld mieantep poingeSialincs & prepiusd a pdvsaiedhroagh said
passage in said piston. 22. The system of claim 3,
housjigr ei n: pressure downhol e in an annul us surroundi ng
said piston is communi cated to opposed ends of said
pi ston through a passage in said piston. 23. A contro
system for operating a downhole tool fromthe surface,
conprising: a tool housing having a novabl e nenber in
a passage connected to an annular piston and a first
control line connection on said housing to allow
pressure to be delivered to a first chanmber defined by
said piston for tandem novenent of said piston and
novabl e nmenber agai nst a bias force, said novenent of
sai d piston reducing the volune of a second chanber in
said housing that is in communication with a second
control line connection.24. The system of claim 23,
wherei n: said novable nenber is in pressure balance to
pressure in a passage through said housing.

10



