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| nvent or s: § aro; Ben Lake and Steve Rosenbl att E
| NVENTI ON 5@%%&?§%% field of this invention is control sgégéﬁg 31%@
operating subsurface safety valves and nore particularly contro
systens with a piston in pressure balance to the surroundi ng annul us.
BACKGROUND OF THE | NVENTI ON 100021Subsurf ace safety valves are
operated fromthe surface normally through control |ines

out si de the production tubing. These val ves ar &I es “I237/4“'6613“{5 5407'406) |

fl apper type where a control spEtleRTIONGORPAIENT zed fromthe
surface overcones a closure spring on a flow tube to push the flapper

90 degreesrTitRt 0 t he BPAGrTcEPPishRFonGulshaeNaldy VgIvEd oW t ube.
Renmoval of pressure fromthe control systemallows the closure spring

that had PLEXhGHS! y DERICAChL. Bln REOHRIGARH:ARML [ on Lo then push

the flow tube away fromthe flapper so that a torsion spring can bias

it back ag t event flow fromthe formation from
goi ng up tﬁjeﬂgﬁrggt}%ﬁgﬁégﬁﬁcﬁg 100031These systems have to deal with

i ssues such il seal s
control syst Z@\O‘?ﬂl I .ﬂ%h e?r/‘ld zﬂfztgls h‘SYFé‘%PB 1%1&8&504 ssyﬁ)tf?’g g?rt P?\%aqlﬁesua’smface
hydr ost at i exf@y eslved end moteh@rttatilydontrblN sty Sh@ndpivioh in ar PleSédﬂQ b&ance to

control lipe down fo thei subsurface safety valve typically have a
pressuri zetf SHEHBEMEAMIHE val ve preset with enough pressure for the
expected depth of the valve to offset the control |ine hydrostatic

pressure SBAUKGROUNDeOPVHE mfvappioned control |ine pressure fromthe
surface, the closure spring that acts on the flow tube doesn't have

to overcone tieod)ydrRshatics sib§SRWS afer SRdlerANhE Qlrrdch %nna‘hy%f&ggl?

control line systemthat addresses fail 'safe failure nodes of "t he

various segfngro] ngggpateronguitsids) the mrodyctian itwhing; Theed wrlvasears synieadlyi of the
provi ded thahel §pstWIRAD a%ﬂﬁ'a?m?'%@ (?Weﬁgwﬁr%swﬁdv% b érf]gg oyercomes a

hydrostatic pressure particu y Ins ower er sys
si npl y candedurospringontarftow fubnite skl ﬂas&aapﬂ@Opieg@samm tmbhera)dsaioaheland

line fro S {i n_than t he

control | :er%é Qﬁl&’%o tt&ﬁ k@ O‘Z%c %res %é)m Sf?ﬁmﬂ%%’.ws ég"r‘i‘éloi%

| i ne syst espeingltisad hammvmoslﬁb&nmeasm ¢cmqﬂessdstapd:¢;&fo& St pash tUSRlow tube

6, 427, 778. : . o o
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 liydrostatic pressure particularly in shallower wells.

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



[ 0004] Sorre of these designs enploy a passage through the piston for

t he purpose of obtaining a fail safe closure node if one or nore of
the systemys$alosodislof unction or if a control line is Sh?@«f/%gzo 9‘I/' €162
prior systens typically separated tubing pressure from control e
pressure and made no reference to the surrounding annulus. Typically
the operating piston in the control systemhad to have a nechani cal
connection to the flow tube to nove the flow tube to open the val ve.
That nechani cal connection was exposed to tubing pressure and the
oper ati ng PP thHopRosite pide ofaaperatg piter) than heandip gentrey lise Qigagxample of
portion of sicheoRAS ak NP 81195 985! Shrtd Bvd B Yeditbush inGRRNRE Rl Pre
the fl ow tube was exposed to tubing pressure but remal ned I n - pressure
bal ance f r ohambetsisugh v @SR 6,427,779005] The present invention addresses
alternative approaches to the past designs that reference the
surroundi ng Us.g.ams ' I r at iff lLy. than ot hers
during fail uﬁgﬂﬁdess and f%gﬁ"?ﬁ%ﬂb%‘“@%ﬁ gip%%%g% nﬁggg%it?(e \Rhsg)r? ?ret'ﬁe
vari ous enbwodbsveni sbtamengdesforl i saéed closurd ehadel if dieose neké loif etle ispstér esesls t

w |l appreciate the various, aspects of .the invention fromthe ,
descri pti o%dg\aﬂctuﬁ% Of)}%f &r ré’bﬁg o%‘le?fﬁ ¢ 108 PALOn SEhERs RIF Y SERetald thing
appear bel prassard flomh@ntoldedesprandiongdt Made ddfErbitde 16 GBP QurRfundiNg annulus.

i nvention JIS .glaskur ed by the appended cl ai ns. SUWARY OF THE '

| NVENTI ON 1908687 AN Rt He Pgjet i epatrgl sistssihadde baweat weghapigrlonnection
ref er encestol he oWl fubs B hidge ARMIGW SubleOo Riptn tHRCyPREFRL ﬂ%}ﬁ-ﬁ&l%r,h&ﬁon
pressure bal ance. Depending on the configuration and which seal 1In

t he syst enVfaprTrosed foetubingi prassuentngdthawnersting pistinf feettredra paieiof s¢add Inuz e

nodes. Wt i . I ur e
a1 ai 1 ur e s PP E eSO O o aBelil o RS bl IR L GYRH
exposed t otubeibyasgexpesedstor wbingapressuee bit @mpinedl ihheeseal salace efdm ateing
will resuligr_;sgmf | apper cl osure. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0007] FI G °5P'S" a schematic view of a si ngle Iine control systemwth
a piston pressure balanced to the annulus; [0008]FIG 2 is an
~alternative dA#idli ndie prasellitentiomadiiressés ditehativagpprodohesss Whiepdsadaigaed
glms)'z)gln n;gtliliﬁﬁr%r}%lljclﬁu@ﬁ OS%%gsli[lcﬁgg g‘llxgllldgf rr}eﬁer%{;lo&ﬁrlnter%g noa}')telra\{ee d;[f?eretnrt]]?/ than
others during failure modes and this will be explained in detail when the various

embodiments are described in detail. Those skilled in the art will appreciate the various
aspects of the invention from the description of the preferred embodiment and associated
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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pressure bal ance to the annulus; and [0010]FIG 4 is a variation of
FIG 1 showing an annular piston rather than a rod piston with a

bal ance co i to the surface. DETAI LED DESCRI PTI

PREFERRED %&Wkﬁé?ﬁ 100111FIG 1 is a schematic repr esgﬁf’%"&ﬁ&”a
subsurface safety valve that those skilled in the art will appreciate
can illustrate the various enbodi nents of the present invention.

Typically, a flapper 10 is nmounted on a pivot 12 that can conbi ne a

torsion sprin f)not shown) to urge the flapper 10 agai nst the seat
14. The fIQB\b%’r ESCREPYRS el THE PRAVIDSSdegr ees and go behind an

advancing flow tube 16 that is forced to nobve against a return bias
from cl osur e [f#7Ing Fi€. ! Passalpm® joeof & ingleghineacdntrub bystent héth a iston

partially ﬁ%&%&?anggd m%é%iu&. fromthe surface represented by arrow

24 is in fTow comrunication wth passage 20 in housing 22 in a known
manner. Simlarly arrow 26 represents the continuation of a tubing
string to thd0§féddudilfg?2 inarealtamative emthodimenntot . Wehd still @OERE A pedsaugs e

control [|i : c int.o housing 22 into chanber 30 above the
operating %‘?s g%&g@g?g%%%‘#usﬁnéjs on the other side of piston 32

from chanber 30 and it communi cates to the surroundi ng annul us around

housi ng 22 t HA¥WYh FaSshpenaBernhOG3 R attaxdindat irsFI0: efaad abliyg apiso in

pi ston with sealbsa 40 | owe sq?ngl, and seal 42 an upper seal. There
fTom |

is a thr ou%ﬁssbuéessgﬁgé%&hegw 5 ower end 46 to upper end 48 of
pi ston 32. Above upper end 48 is a chanber 50 in housing 22 that gets

t ubi ng pr essUys@ o omAliGi ¢ ataschriaton bf FIG. 0 Whdwinh an passagestédratied fah Alred
52. Link 53 con%gcés gi stog 1312 to rov¥ tube 16. WO

2009/ 094308BCT 183568 t7P3Ee s eS8 er at i on, applied pressure
fromcontrol line 28 raises the pressure in chanber 30 to the point

t hat spri NETRILED DESPREBEON aRTHIMEREFEIDRED EMBODEGENTENn. Renoval of
pressure fromthe control line 28 allows the spring 18 to overcone

the net diffe e en hydrostatic pressure.in_line 28 and the
surroundi ng tlﬁllﬁlr,il us?:g(?"\gglgl?rs P.{e @r%?ﬁeﬂga‘i%o'ass@?‘g@ﬂe f%etéf\YéE'EMH’PFFe
net pressuskgledrin phe ko il ZpbetiaRetinCiiitfa®d thel vaiofty shshiabte of Rt present
annul us pr.essure ,gﬁ)ar frgmseal fri ctign at seals 40 and 42 when
pi ston 32 TERAES™ PPLP0K BHRRST (HAhERFRES P) AUl dthaloean ibishetorson
bel ow sealspAfg Wdk SHbwiy tEURL IR et HPAAGPLESSH IS BR ﬁ%ﬁeﬁfﬂqu%‘ﬁgd to
annul us pressure on the other side. Seal 39, the piston seal,

separ at es ‘BRAveRwesendgpbebind agadranging flovoibe e thet wdorskd i movrageimstia
39 and se i i j fr seal 40. |
st cased AiinoeS BB EnPRRAY 1 Palde 2 ehE it RRE ey paridly
pushi ng uphown se2d. MIrisgtiominuswicprepssenta yustivnzy id dnfowros@ahicdon

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. Lmk 53 connects piston 32 to
flow tube 16. '



[0015]If seal 40 fails, the pressure in the tubing will comrunicate
to the surroundi ng annulus and pressurize chanber 34 forcing the

pi ston 32 y flapper 10 will go closed. |If seal I I
any iIIust@gﬂgggtﬁ%bgdi ment, there cannot be a pressure d|g /P% gdﬁ(fsidé;?
across the piston 32 fromcontrol line 28 and the closure spring 18
will make the flapper 10 cl ose, However if seal 42 fails then tubing
pressure will get into chamber 30 and prevent spring 18 from closing
the flapper 10 since spring 18 is not sized for overcom ng tubing
pressure becal8t¥lt hdnfapeiationprlia! pressure Herasontrd lingl 2waises thetnuesiswrg in
pressure. kHeRfer l,, 4

‘val ve stay open. B?O%?%i lg@‘&%’; F@mag 1§$ #Mﬁeﬁ %é%?ﬁéth ﬁﬁ%%ﬁéo?‘%gpen' '
di f f er enceR¢movdhaf pressee faah the cwetrol diva 28 38ows ﬂaadsj:exdg dBdo tolerchinwwic w6

end of pis ' ssure r.at her

t ubi ng pr eélgtgrregge értl‘%ﬁ prsgagéteﬁ’? sgurf’ §b %o? a’{éhtgﬁﬁ‘érﬁoqnmngtan%‘gns prgssure.
chanber 50The @mgpﬁSsﬂscsme@Zo ov&rcome e predsudebA pistord BDBrtRREU LdiGrol line
pressure i wer seal 38 and d on u per seal

t | 42'
Ehrough. chieRismnd apmdys presssre spart 4o sqah Mistign af, asl HHAZ Whesmision

t ubi ng press Hfo@eé)@@%d"gz iprmdthanRally ¢ohpln@ SWWMIRL 165 68bw3BalDRF AHRSE |
t hose seal s straddle the link 53" that connects the piston 32' to t%e

f1 ow t ube F@osed[tpdubyng preswsg omone side prd anmylus gprospurs surthe etherevide. SaalrSer
34" and t I t d
t he flappgt?‘e?{%% v geg&ggg%df seal gg w?%gg)ﬁlb({ﬂgsja ggﬁ?éwg?ﬁg&
| eak into “lehle‘“hﬁmlthgomﬁggﬂe phsesl 3hbmipescal 3. Iramdstacgsnsm tieh elofing ffyres

100 will claos ressure in ntrol line 28
will pass %cgst gn Lstéo ann t'tﬂﬁ %E&%S chanbet® Bo Ona gl %@?g‘&@@mﬂﬂs PHRYre

t he cl osurmxshxpgldngnmﬁseamzl be abI e to close the flapper 10'. The
design of FIG 2 fails closed if any seal 38, 40 and 42' fai | s.
100181FI G 3 rtpally as F di fference

bei ng t hat pl{g(flo gf’ %asl %(%II%?]H z}hdpfeﬁsém%%é‘béutf‘ﬂg SUGheqmyRieats, de fhe
el i m nat e(hunbhmkl@annuhls@mﬂ Iibﬁs&iurﬁra chémltied 33 If@rcﬁllgl’tlié pistoh @3 d?:ee@lﬂ tﬂ@ﬂ%eﬁ 0
chanber 50 tha thelaft 3§ g“s t he ton 32" is again i

cormuni cat 1% gf’hc ?Sﬁg niral 3¢ i ey t ‘i’%e‘bélnﬁgd’%mpé%“éﬁdémtoﬁﬁjédgh

pi ston 32 preésﬂe&ﬁffé@nﬂa?é&@%e tpieon VRS mRDBrAGme8 MahOBlodge shifhng 18
annul us pressure present_in chanber 62. In all other respects, the

FIG 3 destirmakgibs fieprer YhelogeniHowevpraf seahd2 faily thes teltieg mRGUrewitlesst igte.
100191F! G chdmbs: 3

shape rat hCer 1t ét;ran aghlrp g%’eé%agg%% i}'rlo | ust mrgat egaﬁg’l ﬁ?%?%n%nﬁ% lgmlt Sized
pressure Har aveeeshing tubing tyedsanedecdusnthetlloat tubei b6 istio préseurs balhmmeto tobez

fl tub t ! t | 104 t
seg\gr a’tj eecpl %8%1?% n%r%? E}l %g&ébr]?g%l%’g f%% |tﬁs§alp e‘?%]%f? glvglv pvera‘?ta%g?gg’hge 118.

Downward nmovenent of the flow tube 100 rotates the flapper 112 and
conpr esses t b018pri AHG.124s a Goorpled desipn OEG. 9. Thankfftrettetio tiat fai fe%(bnd

control 11 r ng SC tica arro 16 and conpart ne
108 is cong‘gcl{%gl fgg%aaﬁgg%eryggﬁ?wgr H eﬂg of Bt BR RV BPPSeE tQ GRp Y?e
and SChem;imqsmhIrythelemaﬂ&ebﬂhg(ﬂrdsyurarAﬁ“ﬂxlslﬁressﬁﬁaaBSo 136 absheh 23068 to
pr ef er abl y g Ual&e't ze s fhat piston 102 s in pressure bal ance
fromthe € erf@ L’iftf’ﬁ Br b°'s‘§ FEESHR bP]iaﬂ?fsﬁ‘ﬂ‘@néﬂdg PIESSUR aGiing gip on
pressure ll@wé}eéeﬁllg?ssiﬁ’ﬁ 16%h bR Whbehl 42’ rkﬁmfu%%hérﬂﬁerw f#@&6n z§9'f3s' §lsol1%0
and 122 have tubi ng pressure in passage 110 acting on one side and
control | iPHESEF Balanfedtom Bibignresguis muﬁm@ Wt #epal dYendofovaeniseal 38 beqadse
bal ance |1 fSSY b [ Sk 22
1002011 n oﬂg%? S{al on, &{ﬁﬁ fe Ig{(r;stgeggt &%n%és?setgggg% & ?%thgglggggéreeﬁﬁappl i ed
inline 116 that co resses SPI‘IH 114 and drlves the fl ow tube 100
down agai nst [X0Rd f | Kpssel 48’ ails 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




Renoval 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

bal ancc of W%O%/ﬁ&ﬁ%i c forces on piston 102 the spri ngP&,}/%S%%?%&t
have to be sized to oppose any hydrostatic force acting on prston 102
since there is no such force acting on it in this enbodinent.

1002111 f seal 104 breaks then the flapper 112 will cl ose under the
force of spring 114. Failure of seal 122 will allow tubing pressure
from passa Q into cha r 108 forcing the f|low tube 100 up and
the fl appe?a?li]fé"{}ﬁ Pﬁes%’f"%g’g??%i“lﬁar%e ginubsand gobingg pirangiend4t ensh sagn the
pressure f APePMFSAHALIIIR T Gedt ABNH8AKs hORs@bh Wk lchnikd1 GL Y8 OX T 1559%"& o th

spring 114 to hold the flapper 112 open unless pressure is applied %o
t he cont r ofauiysehrpugh cliagtep 36 andepagiens & dnd the tlesuae sprinigl 18’ aphheeblatte
that a var jjglmok 50 ' Sgya Sl

control |ine and %ﬁ%?ggéﬁ?éea%{ﬁggggg%ezpiﬂgfgh&gﬁeﬁ&g g%slggt‘?o t%Bgfg %gtlaﬁls'
annul us. The designs that fail safe closed are also pressure bal anced
to tubing prdf¥ifle ddGneiy virtpallysthe pamdys FiGic 2 with thidifmronod beng tat wstour
at opposed;gen | iston.or with separate . ,
exposure o ?O%ESE%Weﬁggg%%%‘ﬁ%qg}ﬁ }st?l gsng‘%e% eé%‘halteﬁi\é\hﬁ‘r”g‘é%u? gonngetiop g to
preferred @abodilwes betreaddied toochaodher $2° sortkatalie 0P8 bOthepi 861038’ B ufain

other piston shapes are . contenplated.. Pressurized chanbers or offsets
for controf” (ﬁnﬂtéxgﬁva?%&@tt?‘ﬁ aﬁ%&?ﬁ%“%&‘&f%‘bﬁf%’é%&%%@gﬁ*ﬁ@% R QRs32”
pressure iBildSetetposatthd Rast enddaradtipisefnl 2etto bGP @ prdsBR in chamber

e and the closure spring 18 is sized to overcone

hydr ost at i ressur ¢ ! s

net force @n[f‘? ﬁliog‘ie%"teﬁﬁ?cﬁs’r@ﬁﬂq%é st qtiepepdefailnthe sege wier anteifig dn
it fromthgsgantrol line trying to push it down and the annul us
pressure trying to push it back up. [0023] The above description is
illustrative of the preferred enbodi nent and many nodifications may
be made by tH@@éiskiFﬁﬁeﬁ 1y fimglaptogf G, \li e thejriptan thiem an Rropartshepe rather

i nventi on wh0S G SHARE.S iﬁu&fa_téa%%%la.ef %&%@ﬁsﬁg%{aﬂ%eh i»&iﬁ{ O#m&!&g Jige that

equi val ent scope of the clains bel ow. ; con systemTor
oper at i ng AnyBvihe stréace.odie flavombe 180 bey £ pislon 182 irpegratieddnto it with a seat d®d

housi ng hayi r connected to { St on
o o Sont P or Pt TMARLEREIOE bnd Bof ARIRANESRONTF PiTesy L0 B Bhrde
del i ver ed mevemehi oSthe dloantube 10@ totates theyflapaérdl 12i mitl admipesssdsahé eFing 114.
novenent sai d pi n and vabl e nmenber,. agai nst ias fqorce, said
novenent Co}:ffom aaiﬂéﬂeg* @%6818 C%’E’ﬁg’g g atﬁﬁg °\9’6‘F§ ge g‘ﬁ"”ﬁ?%@@ﬁ RHEAH R 3w
sai d housiilg aaddorhpingdn€ t0d i @bufaied th@BFRE Corltiddlind finhitg GO IRLRAIRAN

w th pressure downh {e in an annul us_around sai d housing
and schematically represented by arrow 118. Seals 120 and 122 are preferably the same

size so that piston 102 is in pressure balance from the equal hydrostatic pressure in lines
116 and 118 when 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 balancc of hydrostatic forces on piston 102

L



a third chanber i'n said housing defined by a first end of said

pi ston, said third chanber comunicating to a second end of said

pi ston by t hrough said piston, said second eng-PlctddBRi362
pi ston |so?g?§§§?ﬁ§£ald housi ng from sai d second chanbercand%expgse
to either pressure in said passage in said housing or in said

annulus. 2. The systemof claim1, wherein: t he opposed ends of
said piston conmunicate with pressure in said passage in said

housi ng. 3, The s mof claiml, pposed ends of
sai d pi stofPeEB’ﬁ%ﬁ fg%“% e i bl éOGBBﬁ?ﬁa%hYdﬁDSéﬁw Fﬁ‘ilaﬁ‘%%?‘bwﬁan

sai d housi pgp sifce td€ isioSsubtitoRde detidd 6 Bin QLBoBiment. the opposed
ends of said piston communicate with pressure downhole in the annul us

ooun 5oL TBHALD IR0 AE! G B SIS 0 D e,

conprises g4 IF@ifirk WPBeAIYARE 2887 It ﬂre%@éﬁ'&e PaREalz 018 Shtd ‘éﬁzﬁnl?er 108
fl apper to_an open position for Iom/% rou a sai d passage through

sai d housi fegeing the flonstbel 19f)-up e fihg fippnek 312 vvdl elased Failwovof sagk 12wl send

manner whe i 24

o oxposeora et RonAflue B b Blinfl: 159l RFROTY S-SR buddh tk o
wher ei n:  hold theshpperdil2 bpen wdesp presase @ applindabd itteycoofroldpadd8l seal s
where the failure of all but one of said seals allows the closure

spring to m‘{@%ﬁ?' d fﬂ&’é"é@%&& HR ﬂéle&’llls gkn%cla quzﬂ%rvaggtg gcgntgotl gis?&s are

pOSItIOI’] ystem clarm

conpri ses dsgost (timt ssad singla cuqmé linsead a presm\tebaimd:ed pfetaﬁxawmx pasEdcoto the

Zgiald 338 era 19 rThe esignosn th% 211 3 osede are a. sg p?efssusrg hgargjcleg too Qxbxsnegaplresfstgrgg.]s
well. Pressure balance to the annulus can occur at opposed ends with bore through the
piston or with separate exposure of opposed ends of the piston to annulus pressure. In the
preferred embodiment the piston can be one or more rod pistons but other piston shapes
are contemplated. Pressurized chambers or offsets for control line hydrostatic pressure
are not needed. The annulus pressure is used to at least in part offset the control line
hydrostatic pressure and the closure spring 18 is sized to overcome net force on the piston
from the net difference in pressure acting on it from the control line trying to push it

down and the annulus pressure trying to push it back up.

[0023]  The above description is illustrative of the preferred embodiment and
many modifications may be made by those skilled in the art without departing from the
invention whose scope is to be determined from the literal and equivalent scope of the

claims below.



said | ower seal is exposed to pressure in said passage. 8. A contro
system for operating a downhole tool fromthe surface, conprising:

a tool housing having a novabl e nenber in a passage connected to a
pi ston and a control |ine connectigﬂéﬂgﬁiaid housing to all ow
pressure to be delivered to a firs er defined by said piston
for tandem novenent of said piston and novabl e nmenber against a bias

force, said nDMREBINYsteth fiSperaheSt QWnh6ld Wl REmithesuyatd BEn@fsind: second
chanber in said hou5|n% that is in comunication with pressure
&Yy

downhol e in &rfoUriPubing Dayieg,Adnayablg niarbsT Hya passage cogpgcipdnig\aapiblen sadrBer

conpr i sesntebl f1in®WolknBEonBY &R BorRB ?'t@ %ﬁo\a pPds QR EEbS BELvVERd tQ atiH Tt hAmber
flapper to an open position for flow through a passage through said

housi ng;defined by Sslélpeft% for tgrdepsmpyerieaiofisaid pistan anfl gwveklpmemheragpngindias
wher e sajde IshidknARRled 0P il bf%ﬂ)n%du%ﬁlg qheomwo@adaeaﬁﬁ%mwﬂ it sdM fousing

exposed to pressure in said passage, said piston conprises as

pl ur al i tgd isplated frostisaiskpassagaitet is in prsfiicatioe with pedssurhdewndnle infn gaiubhs
seal s ahhgm§s£@ﬁ@$ﬁlsure spring to nove said flow tube to let said
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whi ch i thoussngexposed to said control |ine connection. 10. The system
of clai T 9 Vﬁlg gyesjtelr}l: of claim 1, wherein:
the opposed ends of said piston communicate with pressure downhole in an annulus
around said housing.
4, The system of claim 3, wherein:
the opposed ends of said piston communicate with pressure downhole in the 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 & said 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 5, 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. V
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.



annul us pressure is communi cated to said upper seal through a passage
t hrough said piston. 11The system of claim9, wherein: annul us
pressure i s comruni cat ed directly through said housing to said upper

seal. 1 The syst.em.of .claim.1 wh ure. of said. pi ston
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and a control Ilne connection on said housing to allow pressure to be
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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 seal is exposed to said control line connection on one side and the annulus
pressure surrounding said housing on its opposite side;

said lower seal is exposed to annulus pressure on the side opposite from which it is
exposed to passage pressure.
9. The system of claim 8, wherein:

said upper seal is exposed to said control line connection on one side and annulus
pressure on the side opposite from which it is exposed to said control line connection.
10. The system of claim 9, wherein:

annulus pressure is communicated to said upper seal through a passage through said

piston.
11. The system of claim 9, wherein:

annulus pressure is communicated directly through said housing to said upper seal.
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 5, 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.



said piston is linked to said flow tube in a nanner where said |ink
and a portion of said piston adjacent to it are exposed to pressure
in said passage; said piston conprises a plurality of spaced
seals where the failure of all of said seals allows the closure
spring to nove said flow tube to let said flapper go to a cl osed
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16. A control system for operating a downhole tool from the surface, comprising:

a tool housing having a movable member in a passage connected to a piston and a
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 pressure downhole in an annulus around said housing;

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

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;



sai d upper seal is exposed to said control |ine connection on one

si de and annul us pressure on the side opposite fromwhich it is
exposed to said control line connection. 18. The system of claim 17,
wherein: annul us pressure is comruni cated to said upper seal through
a passage through said piston. 19. The systemof claim 17, wherein:
annul us pr essaid isiod comprizen ia@ést@dseal] arecpgey scahorooighsideaif daill @issinngaltaad a
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del i ver @pdsfe & Wi StheL4ta 8RREedd6 hidrek R¥aidphdagl ston for tandem _
novenent _of said piston and novabl e nenber agai nst a bias force, said
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W th pressure downhole in an annulus around said housing; t he
opposed PEsHEe o the side opiositeofrone wyiieh i it epesagdite prideeairglling cpppestiind passage
in saidjQousiti@system of cldth 83 SWiefeih:N Sai d passage is comunicated to

opposed ends of 'said piston through a passage in said piston.
annulus pressure is communicated to said upper seal through a passage through said

piston.
19. The system of claim 17, wherein:

annulus pressure is communicated directly through said housing to said upper seal.
20. The system of claim 17, wherein:

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

a tool housing having a movable member in a passage connected to a piston and a
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
and isolated from said passage that is in communication with pressure downhole in an annulus
around said housing;

the opposed ends of said piston communicate with pressure in said passage in said
housing;

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

passage in said piston.
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