-- 1 05 JAN 2004 FLAPPER VALVE W TH BI ASI NG FLAPPER CLOSURE ASSEMBLY
TECHNI CAL FI ELD OF THE I NVENTION This invention relates in generfﬂ tg N oo
fl apper type valves and, in particular, to a flapper type valve ﬁa AN Zisb
i ncludes a flapper closure plate for controlling fluid flow therethrough

that is bi asPOAPPER ealVEWETH&IASING FILAPPERSCLOSUWRE ASSEMBLY f ! apper
cl osure assenbly that pushes on the back face of the flapper closure plate.

BACKGROUND OF THE | NVE tho | AL of the invention,

t he background wi || deﬁ%ﬁéﬂ??@eﬁ%?% M&ﬁiﬁg@urface safety val ves,
as an exanple. Surface controlled, subsurface safety valves are commonly
used to shutThip idyantioanglaas inaensraldotflapper dyne walvas faad, in padicutarz 0 dous
condition at the well surface. Such safety valves are typically fitted

into tHappeodypeiwaivé thahindodes e flabpet clddwoekplatdidof lcontroflingoflot ew
fluid upwardly therethrough. The subsurface safety valve provides
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range safety Itions that can ens or indicated a € surface.
For ex e he safety, conditions include a fire on the platfor a high
o | ow PR Flodtrg BRLERELCIRES bhiRes b dfie B58k Fare pERedIepbRLRIaR S BlRter | de.
During production, the subsurface safety valve is t@ﬁ/\gi cally held open by
the application of hydr BAGKGRQUNDPESEIE INVEMNIUOND to the subsurface

safety valve through an auxiliary control conduit which extends al ong the
t ubi ng st ri Mitadaithiimitirie thansedpes obetheervehtion t tHe tacagebure wieldesefbeng.
Fl apper type subsurface safety valves utilize a closure plate which is

oL, S ORI AT ot ) ot U0, ol o

Surface controlled, subsurface safety valves are commonly uséd to shut in oil
and gas wells in the event of a failure or hazardous condition at the well surface.
Such safety valves are typically fitted into the production tubing and operate to block
the flow of formation fluid upwardly therethrough. The subsurface safety valve
provides automatic shutoff of production flow in response to a variety of out of range
safety conditions that can be sensed or indicated at the surface. For example, the
safety conditions include a fire on the platform, a high or low flow line temperature or
pressure condition or operator override.

During production, the subsurface safety valve is typically held open by the
application of hydraulic fluid pressure conducted to the subsurface safety valve
through an auxiliary control conduit which extends along the tubing string within the
annulus between the tubing and the well casing. Flapper type subsurface safety
valves utilize a closure plate which is actuated by longitudinal movement of a
hydraulically actuated, tubular piston. The flapper valve closure plate is maintained

in the valve open position by an operator tube which is extended by the application

of hydraulic pressure onto the piston. A pump at the surface pressurizes a reservoir



in the val ve open position by an operator tube which is extended by the
application of hydraulic pressure onto the piston. A punp at the surface
pressurizes a reservoir 05 JAN 2004 -2- which delivers regul ated q%draulic

control pressure through the control conduit. Hydraulic fluid is (pbnJAN 2034
into a variable volune pressure chanber and acts against the crown of the
pi ston. When, for exanple, the produétion fluid pressure rises above or
falls bel ow a preset |evel, the control pressure is relieved such that the

Pi St onwaith @Iéﬁﬁ@ﬁsofegm@t@dah?dn’aemlcammcbltp’dsbare/alhmghl tree cboporsil téomduity a
return spring. The flapper pI ate Is then rotated to the val ve cl osed
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however , afety cations having a arge nner
di aneter and a I ter anme torsio or._tensi op
renber TR ST qf”%@ SR RIS, b bt GRS
fl apper plate to the closed position. In the case of a torsion spring, the

si ze aatovbardhlis daldw a presalrleveloithe controheressuse dn relipvat suel thahithed by
the space available to house the torsional spring. In the case of a

t ensi op;JIBAAAH opdr@HtEhd afcretiattdd (B thedvdlve cosgd positiort b al reten spring.
between the hinge pin of the flapper plate and the | ocation where in the
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posite of t apper plate. efore, a need has arisen
for a flapper vaéve that has sufficient bias or closure force to lift the
fl appelte"ﬁﬁp BYG"™HP® -t he cl osed position in tight applications. A need has
al so arisen for such a flapper valve the can produce the required closure
force wit holit hanhesasiovgd: hevsyasethay an Itight safely V@l\sqaapﬁbc%qrm haying a
“flapper valve. A need has further arisen for such a flapper valve that can
t ake adygetinper efiaraeterrayet a small outer diameter, typical torsion spring or tension

member designs provide insufficient bias or closure force to lift the flapper plate to
the closed position. In the case of a torsion spring, the size and therefore the
closure force of the torsion spring are limited by the space available to house the
torsional spring. In the case of a tension member, closure force is limited by length
of the lever arm between the hinge pin of the flapper plate and the location where in
the tension member is attached to the linkage that extends from the hinge in the
direction opposite of the flapper plate.

Therefore, a need has arisen for a flapper valve that has sufficient bias or
closure force to lift the flapper plate into the closed position in tight applications. A
need has also arisen for such a flapper valve the can produce the required closure
force without increasing the space available for a spring within the flapper valve. A
need has further arisen for such a flapper valve that can take advantage of a longer

lever arm to exert a greater closure force to the flapper plate.



| ever armto exert a greater closure force to the flapper plate. 05 JAN
26Q 041 3 SUMVARY OF THE | NVENTI ON The present invention disclosed
herein conprises a flapper valve assenbly that has sufficient closure
force to nove the flapper closure plate to the closed position im5t{'ﬂgt2894
applications. The fl apper val ve assenbly discl osed herein produces

required closure force wthout the need for increasing the size of the
spring within the flapper valve. The fl apper valve assenbly of the present
invention utilizes a | ongdUMMARY GQFATHD INYENTIGN i ncreased cl osure force
to the flapper plate. The flapper val ve assenbly of the present invention

conpri ses a jiHebptceny dhvéhtiodhOdBLRS8YdrBm éorﬂklgﬂgés 3 flagperotalve Uliseapiiol e.

A val ve seat I1s mounted wthin the housing. e val ve seat has a val ve
seat seal, surface, and defines,.a flow sage therethrpugh., A |l er
ol osur 4 B JLNGER BLSES ThBE 1 meo kB TRBPRE i vtiS AR W a0R (B8RE o
and a val ve closed position. In the valve open position, the  flapper

cl osur @ogitigndnitight applieatiansont ke dapaer walve gssempiv disclpgapd herpiBsRi@dge8s t i on
the sealing surface of the flapper closure plate sealingly engages the

val ve dleatreqeisdd rdpsurer foace withoubrtbeemeechdof inoreadingubk sibe dfl the ppasgge.
The fl apper closure plate has a notch on the side opposite the sealing

sur f acgyithd tﬁé‘ﬁaﬁbéﬂ%ﬂep TR U ek %hﬁ/etéb%ferﬂtﬂy P&t Pres et fvargieniutpizes he
pi vot point of the hinge. A flapper closure assenb bi ases the fl apper
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connection nenber that is operably coupled to the spring and engages the
‘notch such tif&flagRal vahe as @ny %m%@f%semtm\@mﬂgnrﬁs\m'se@owwgrh\gﬁw%en

“position, the spring is conpressed causing the connection nenber
housing having a hinge and a longitudinal hole. A valve seat is mounted within the

housing. The valve seat has a valve seat sealing surface and defines a flow
passage therethrough. A flapper closure plate is rotatable about the hinge between
a valve open position and a valve closed position. In the valve open position, the
fltapper closure plate is removed from the valve seat. In the valve closed position the
sealing surface of the flapper closure plate sealingly engages the valve seat sealing
surface for preventing flow through the flow passage.

The flapper closure plate has a notch on the side opposite the sealing surface
of the flapper closure plate that is spaced a distance from the pivot point of the
hinge. A flapper closure assembly biases the flapper closure plate toward the
closed position. The flapper closure assembly includes a spring that is mounted
within the longitudinal hole and a connection member that is operably coupled to the
spring and engages the notch such that when the flapper closure plate is moved
toward the open position, the spring is compressed causing the connection member
to urge the flapper closure plate toward the closed position. The distance between

the notch and the hinge provides a moment arm sufficient for the flapper closure



to urge the flapper closure plate toward the closed position. The distance
between the notch and the hinge provides a nonent arm sufficient ];ﬁsejxﬁ
flapper closure 0 5 JAN 2804 4 assenbly to bias the flapper clo 2004
plate fromthe open position to the closed position which may be about 90
degrees. The fl apper closure assenbl_yl_rray i nclude a piston nmenber that is

at least partially disposed within the hole. The piston nenber couples the
spring to the connection nenber. The connection nenber may be rotatably

coupl e@ssembheto hias dhe rftarper clpsteapiate frase dhgpppen &C&itmyj tQii thei slosad

notch of the flapper closure plate. The connection nmenber may have an

ar cuat gosltiepevisioh imaybé abloat 90aegeess.on nenber exerts a noment on the
fl apper closure plate when the flapper closure plate is in the open

position. | F%g}o ' ' ' f e
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adapted to be placed in.a .l . tubing.string t,o contral .flowt t.hrough.
The su l??ﬁtﬁl [gc%lggg?%(fw '@ﬁrﬂ \}ﬁg cn)qu%r [ ?hg g%stogarlr%g] tl)*%ug(%’]%@gﬁatb? n#r}ﬁbg i‘?éné

t heret hrough, a hinge and a | ongitudinal hole. A flapper. closure plate is
mount e GORNEEHGN tRRMBEF.e AR GoNnEstiah ABEBbEs omaYt he wtgfgélv $REPled) &gﬁae
closure plate is novabl e between an open position and a closed position.

The f| apgien nedrabar englnade bbastadablgabceiyed withit theonotwheofsthddlagper zlosareh on
the opposite side. An operator is novably disposed within the bore for

controlhiBg  TRY eg@ite@bnt AerhbaPnPky Chasd!r an PhRiGtd ' sWagd esudho kst RREI ti on
to the open position. fl apper closure assenbly biases the flapper
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In one embodiment of the present invention, the flapper valve assembly may
be incorporated into a subsurface safety valve that is adapted to be placed in a well
tubing string to control flow therethrough. The subsurface safety valve comprises a
valve housing having a bore therethrough, a hinge and a longitudinal hole. A flapper
closure plate is mounted within the bore and is rotatable about the hinge. The
flapper closure plate is movable between an open position and a closed position.
The flapper closure plate has a sealing surface on one side and a notch on the
opposite side. An operator is movably disposed within the bore for controlling
movement of the flapper closure plate from the closed position to the open position.
A flapper closure assembly biases the flapper closure plate toward the closed
position. The flapper closure assembly includes a spring mounted within the
longitudinal hole and a connection member that is operably coupled to the spring
and that engages the notch such that when the flapper closure plate is moved

toward the open paosition, the spring is compressed causing the connection member

to urge the flapper closure plate toward the closed position. A valve seat is disposed



and that engages the notch such that when the flapper closure plate is
noved toward the open position, the spring is conpressed causing the
connection nmenber to urge the flapper closure plate toward theJ2502ﬁﬁ
position. A valve seat is disposed O 5 JAN 2004 -5- within the 2004
housi ng. The val ve seat has a sealing surface such that when the
subsurface safety valve is in the closed position, the sealing surface of
the flapper closure plate seallngly engagi ng the sealing surface of the

val ve ydtin tBRvaveIREGRIGPTITOR \@iva sEaDRAyeNER I iRgr suifaasy sucibifiatevien the

under standi ng of the present invention, including its features and

advant agbsurfacd eafg&alve RO thedelosed tpbeltldﬁt thd edalitessuifate ofi thé flabper
i nvention, taken in conj unct ion with the acconpanyi ng drawi ngs of whi ch:

Figure oldiSe ?Lﬁ?&@%ﬁﬁﬁ@g pﬁfcdt‘ﬁb' iR <@ a% m{]@al%lse‘é'i gas production

pl at form operating a safety va e present invention;

Fi gures 2A-2B are hal safety val ve of t he
present invention in h@%ab&gaﬁlgﬁﬁ&&: ﬁf\éﬂ?w@gf%A-SB are hal f
sectional views of a subsurface safety valve of the present invention in
the val ve clFeserl moes coowletei godersianding ahdhe @@@enbmer\tlpawlmluamgl Wpper
val ve assenbly of the present invention in the valve open position; Figure

S is aféstutesantiahantagesyreferenéd appow mabeaoabeatdthiledidesbdplivresétite
i nvention in the valve closed position; Figure 6 is a top view of a flapper
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Figure 1 is a schematic illustration of an offshore oil or gas production
platform operating a subsurface safety valve of the present invention;

Figures 2A-2B are half sectional views of a subsurface safety valve of the
present invention in the valve open position;

Figures 3A-3B are half sectionat views of a subsurface safety valve of the
present invention in the valve closed position;

Figure 4 is a half sectional view of a flapper valve assembly of the present
invention in the valve open position;

Figure 5 is a half sectional view of a flapper valve assembly of the present
invention in the valve closed position;

Figure 6 is a top view of a flapper closure plate of a flapper valve assembly of
the present invention;

Figure 7 is a perspective view of a flapper closure plate of a flapper valve
assembly of the present invention;

Figure 8 is a plan view of a flapper closure plate of a flapper valve assembly

of the present invention;



assenbly of the present invention; Figure 8 is a plan view of a fl apper

closure plate of a flapper valve assenbly of the present inventi?d1' 8 ﬁ
JAN 2004 -6- Figure 9 is a perspective view of a connection nenbe bt JAN 2004
fl apper valve assenbly of the present invention; Figure 10 is a half
sectional view of a flapper valve assenbly of the present invention in the
val ve open position; and Figure 11 is a half sectional view of a flapper

val ve assenbly of the present invention in the valve closed position.

DETAI LED DESUSYeTPAR arperspedtveExeonf whrprnadgiienneneneranti aulapeeovalvgr i ous
enbodi nents of the present invention is discussed in detail below, it

shoul d dwseayy efthet prsehainvehtioqr esent i nventi on provi des many applicable

i nventive concepts which can be enbodied in a wide variety of specific

cont exts. Tfm%ér@eqto fi$ & ﬁamgebmw@b%g;a;ﬁsﬁpéw{]&w AEEnTHY 8F Xhe present

illustrative Of specific ways to make use the 1 nvention, and do not
delimt. thr& nslcqﬁe o]‘ the inveption. ,Referring to figure 1, a subsurface
&N s

safety Wi AN PPHhPRY 'grﬂ’oé?%d oil and gas production platformis

schemat i cal I?{ illustrated and generally designated 10. A seni-subnersible
pl at f or m 12 Figurgehi &% 8dha{ spctipralpiew g Bappeinevaasserbly pbihe presetat ed
bel ow sea floor 16. Wellhead 18 is |ocated on deck 20 of platform 12. Wl
22 ext eméentioinrindigd vahve desed®positidnpenetrates the various earth strata
including formation 14 to formwel |l bore 26. Disposed within wellbore 26 is

g?ggzgt i2§-n tlEJl'biSggsggprWlLEanESGMﬂ&l@NOme-ﬁElmvanfﬂem wel I head 18 is

While the making and using of various embodiments of the present invention
is 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 and use the invention, and do not delimit the
scope of the invention.

Referring to figure 1, a subsurface safety valve in use with an offshore oil and
gas production platform is schematically illustrated and generally designated 10. A
semi-submersible platform 12 is centered over a submerged oil and gas formation
14 {ocated below sea floor 16. Wellhead 18 is located on deck 20 of platform 12.
Well 22 extends through the sea 24 and penetrates the various earth strata including
formation 14 to form wellbore 26. Disposed within wellbore 26 is casing 28.
Disposed within casing 28 and extending from wellhead 18 is production tubing 30.
A pair of seal assemblies 32, 34 provide a seal between tubing 30 and casing 28 to
prevent the flow of production fluids therebetween. During production, formation

fluids enter wellbore 26 through perforations 36 of casing 28 and travel into tubing

30 through sand control device 38 to wellhead 18. Subsurface safety valve 40 is



A pair of seal assenblies 32, 34 provide a seal between tubing 30 and

casing 28 to prevent the flow of production fluids therebetween. Buglem 2604
production, formation fluids enter well bore 26 through perforati oNs f
casing 28 and travel into tubing 30 through sand control device 38 to
wel | head 18. Subsurface safety valve_40 is 05 JAN 204 7 located within

t he production tubing 30 and seal s fﬁé’mellhead 18 fromformation 14 in

t he event of abnormal conditions. Subsurface safety valve 40 includes a

f | apperocatad wathin drespeogiicdions tubiag 3Qand sgals eurelhmad {8 Mo formation 14, is
mai ntained in the valve open position by hydraulic control pressure

recei venl the ereat stiabagenalordrdiionssySubsurdacd bafebyghakecthinaldeadidppets.
Referring now to figures 2A, 2B, 3A and 3B, a subsurface safety valve 50 is

i 11 ust r@tﬁdcuoglaiegb)%a%éye RBricopRRAGH TFbrli1bRABdN 13, TSRS in the

production tu Ic control pressure is conducted In

comuni cation with.a longituyudinal bore 52 forped in the sid |1 of, the
Lop corfAl gped ppsiton By dudipulid gonlial nissurd reraved frail g sEFEGe BN ¢ he
| ongi tudi nal bore 52 into an annul ar chanber 56 defined by a counterbore
58 whi ¢histesn #g taeraing eantrebcanduit 4h annul ar undercut 60 formed in the
sidewal | of the top connector sub 54. An inner housing mandrel 62 is

slidably cdqRefeathgandwstesfigdes @A, 18,13 andndieca aubsutiadd shieta valvep50nson 64
and seal 66, with the undercut 60 defining an annul us between inner

mandr elili afratetdl Safety EINBRLD i©9tonhERed ANRREAY M sEHES With FroBLEGER tESing BO.

received in slidablé, sealed engagenent against the internal bore of inner

mandr elH@?ul@@o#@ﬁrﬁ%&rﬁ%BJBngcqgg ?H%Bﬁurﬁ&‘ﬁi?%tforghfgﬁ%logggﬂ{h%l EQEe k9 the

~annul us ween of e"0f "a ‘connec he" eXterna
surface of piston o8 aNSe B 5 2bnnddor sl s MRREl SRl g%
delivered through the longitudinal bore 52 into an annular chamber 56 defined by a
counterbore 58 which is in communication with an annular undercut 60 formed in the
sidewall of the top connector sub 54. An inner housing mandrel 62 is slidably
coupled and sealed to the top connector sub 54 by a slip union 64 and seal 66, with
the undercut 60 defining an annulus between inner mandrel 62 and the sidewall of
top connector sub 54.
A piston 68 is received in slidable, sealed engagement against the internal
bore of inner mandrel 62. The undercut annulus 60 opens into a piston chamber 70
in the annulus between the internal bore of a connector sub 72 and the external
surface of piston 68. The external radius of an upper sidewall piston section 74 is
machined and reduced to define a radial clearance between piston 68 and
connector sub 72. An annular sloping surface 76 of piston 68 is acted against by the

pressurized hydraulic fluid delivered through control conduit 44. In figures 2A-2B,

piston 68 is fully extended with the piston shouider 78 engaging the top annular face



machi ned and reduced to define a radial clearance between piston 68 and
connector sub 72. An annul ar sloping surface 76 of piston 68 is acted

agai nst by the pressurized hydraulic fluid delivered through conﬂg %ELJI
conduit 44. In figures 2A-2B, piston 68 is fully extended with t I"é[\lo
shoul der 78 engaging the top annul ar face X15 JAN 26 4 -8- 80 of an

operator tube 82 such that a return'§pri ng 84 is fully conpressed and val ve
50 is in the valve open position. A flapper plate 86 is pivotally nounted
ont o a 80i ofgen spéradd tbecd? sech thatenddbinyspramné4 tie fullyocarnprdssedrarehdaleé
spring housing 90. A valve seat 92 is confined within hinge sub 88. The

| ower %qsq{trﬁlai,ﬁwob@hv&%ds connected to production tubing 30 by a
bott om sub connector 94. The bottom sub connector 94 has a counterbore 96

54 form a AaiERsEr (RE 16k s SURRIE ot el <Pl 3k, per T €' 56

pivots on hin 100 and is biased about 90 degrees to the valve cl osed
posi t i éiafeaaabgh@weqﬁetﬂ itguhesiowsr s pf fSPEBEéFOHﬁaFI'Q/@Ocl dsypveasaatnBlyis 102
housed partially wthin hole 104 in tubing 30. In the valve open position
as showonfimed ivgthirhidge 2Bb 88helhe dswépnead off safedppalvey&Dvie cdromated to
assenbly 102 is overcone and flapper plate 86 is retained in the valve

open p%au&i@nwbmg@\%en b a todaens dub ToPPkBidr J40T Tk itdrh Wut cérﬁr%t@rpgct

t hrough tubi ng 30 an out of range condition occurs and subsurface

saf ety gl ¥go ér@te??g}k?‘rg 963%?&%%?&93 b 4P 5ptefP“x‘/aﬂ’\:aé oyt BSF‘QBOS‘I’th I{Wﬂ%"oscﬁuticlﬁnva' ve

cl osed p05| rauli1c pressure | el ease rom con t hat
oper at SLbEHRos t‘z‘vrag&tfér&%o% Rar<) 6 faBBRr FrB e SadOsiRnElpast atapper
closure plate 86 wll then rotate about 90 degrees through
86 pivots on hinge 100 and is biased about 90 degrees to the valve closed position
as shown in figures 3A-3B by flapper valve closure assembly 102 housed partially
within hole 104 in tubing 30. In the valve open position as shown in figures 2A-2B,
the bias force of flapper valve closure assembly 102 is overcome and flapper plate
86 is retained in the valve open position by operator tube 82 to permit formation fluid
flow up through tubing 30.
When an out of range condition occurs and subsurface safety valve 50 must
be operated from the valve open position to the valve closed position, hydraulic
pressure is released from conduit 44 such that return spring 84 acts on the lower
end of piston 68 which retracts operator tube 82 longitudinally through flapper valve
chamber 98. Flapper closure plate 86 will then rotate about 90 degrees through
chamber 98 in response to the bias force of flapper valve closure assembly 102.
Referring now to figures 4 and 5, a flapper valve assembly is depicted and
generally designated 110. Flapper valve assembly 110 includes a flapper closure

plate 86 that is bias to the closed position by flapper valve closure assembly 102. In

the illustrated embodiment, the sealing surfaces of flapper closure plate 86 and



chanber 98 in response to the bias force of flapper valve closure assenbly
102. Referring nowto figures 4 and 5, a flapper valve assenbly is depicted
and generally designated 110. Fl apper val ve assenbly 110 includes a

fl apper closure plate 86 that is bias to the closed position by ggspﬂ N 2004
val ve cl osure assenbly 102. In the Q | ustrated enbodi nent, the s [ 3
surfaces of flapper closure plate 86%nd 0 5 JAN 2904. -9- val ve seat 92
have mati ng spherical segments which are matched in curvature to provide a
met al - tv@lveesaat §8dhave maling srhaticabspaments Whikh ase naatched dn-qusvakiralto
contact between nesting spherical segnents provides a continuous, positive

seal tprevidesa rmetdldpmestat casal. ekt has deennfbunbettmbhibei osd cfegratalttomieealif ace.
It should be wunderstood by those skilled in the art, however, that other
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surface contigurations tlfat are In the art are equa?1y wel [ -suited
for use_in the. present invention, ese_arrangenents. a confiqurations
bel ng dBRt EARETARSA e TR o ME SpBSAE SEORR R jnRifRetont SHBLBLRE  on.
Fl apper val ve cl osure assenbly 102 includes one or pore conpression

spri ngdndesstogd By hesesikillgsl Bhthears iwever nthat stherdfilagrarosirenplate and

| ongi tudi nal hole 104. Flapper valve closure assenbly 102 al so includes a
pi st on vEh& $éwmit arhergersants| bering 2thastsiealing sntface conligpradioss dhatpra kigown 6

wi thin longitudinal hole 104. A connection nenber 122 is coupled to piston

118 on j e aRtreRRRSIY VeliPsiRd fbLBse M tHe sieidBht i@ehfidn, thBsé Rerdridensdritat ed
enbodi nent, connection nenber 122 is rotatably coupled to piston 118. On

e o BPEA N ol SARa AR A 352 RGPS SRR
assenb”xwéﬁ%n{s operated fromthe close position as
Flapper valve closure assembly 102 includes one or more compression
springs 116, only one of which is shown, that are disposed within longitudinal hole
104. Flapper valve closure assembly 102 also includes a piston 118 that has
shoulder 120 which contacts compression spring 116 within longitudinal hole 104. A
connection member 122 is coupled to piston 118 on the end opposite spring 116
with coupling 124. In the illustrated embodiment, connection member 122 is
rotatably coupled to piston 118. On the end opposite coupling 124, connection
member 122 engages flapper closure plate 86 as will be more fully discussed below.
When flapper valve assembly 110 is operated from the close position as
depicted in figure 5 to the open position as depicted in figure 4, operator tube 82 is
extended downwardly through valve chamber 98 rotating flapper closure plate 86
about 90 degrees. As flapper closure plate 86 rotates, compression spring 116 is
compressed due to the downward movement of connection member 122 and piston
118 thereby biasing flapper closure plate 86 toward the closed position. As flapper

closure plate 86 nears its fully open position, connection member 122 contacts



depicted in figure 5 to the open position as depicted in figure 4, operator
tube 82 is extended downwardly through valve chanber 98 rotating fl apper
closure plate 86 about 90 degrees. As flapper closure plate 86 r(ﬂﬁtgAN Zﬁgl,
conpression spring 116 is conpressed due to the downward novenent of T
connection nmenber 122 and piston llqot_hereby bi asi ng fl apper closure plate
86 toward the closed position. As flapper <closure plate 86 nears its fully
open positjon, connection nber 122 ntacts 0 5 JAN 2904 -10- caounterbore
06 of " EUBISERorsEHt B HRBRTIeYaLS ATl CH. AbAHEbSRNGRDAReTDST d2BACtH | ke o
| eaf spring and further biases flapper closure plate 86 toward the cl osed
posi ti dke ateal ppdng tands furtihgrebiagedubappert tlosanec plite 8hdpwaod thenclesed on
menber 122 which assures that a nonent will be applied about hinge 100

even whesitibhapPhis resUissrachihaidedds tbthenarkhatel sqhégye QP VI cBASH trh&Mmber
Referring next to figures 6-8, therein is depicted various views of flapper

St o 122@tliEn 88sulesABER b MRHE RPbELBoft J85urhige it e RlPRES (Rt 20

ich 'recelves operat apper cl os rat ed

fromthg clos osi.ton.to the gpen.position. Flapper closure plate 86

al so iﬁ@FHH%QE§98§ﬂ§"bh“%ﬂhﬁ@peﬁﬁaﬁ§F¥E{EB through which a pin is inserted
along axis 130 to couple hinge nenbers 128 of flapper closure plate 86

wi th hi nge Beferringapp¥l taifiguiee GoBathered is depinted \arivosciews2of feppar 132
has an axis of rotation 134 |ocated therein. The distance 136 between axis

130 andlosxis pldté 8&f iflespémelobergplatefBa has nparniatarsihapedefdcbol 26 ahitth apper
closure plate 86 fromthe open position to the closed position. Distance
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menber p&giﬁohﬁoitﬂé%rpte%dpéﬁﬁ&n. Flapper closure plate 86 also includes a pair of hinge
members 128 through which a pin is inserted along axis 130 to couple hinge
members 128 of flapper closure plate 86 with hinge 100. Flapper closure plate 86
includes a notch 132. Notch 132 has an axis of rotation 134 located therein. The
distance 136 between axis 130 and axis 134 defines the length of the moment arm
used to bias flapper closure plate 86 from the open position to the closed position.
Distance 136 may be adjusted as necessary depending upon the size and weight of
flapper closure plate 86.

Referring now to figures 7 and 9, connection member 122 is inserted into
notch 132 of flapper closure plate 86. Connection member 122 includes a pair of
pins 138, 140 that are received within notch 132 and assure that connection
member 122 does not become separated from flapper closure plate 86 during
operation. As explained above, connection member 132 has an arcuate shape
which allows connection member 122 to act as a leaf spring and bias flapper closure

plate 86 toward the closed position when flapper closure plate 86 is in its fully open

position.



notch 132 of fl apper closure plate 86. Connection nmenber 122 includes a
pair of pins 138, 140 that are received within notch 132 and assure that
connection nenber 122 does not becone separated from fl apper claﬁsrg ﬂ[?ﬁﬁ
86 during operation. As explained above, connection nenber 132 "ﬂ
arcuate shape which allows connectiqgp nenmber 122 to act as a |leaf spring
and bias flapper closure plate 86 toward the cl osed position when fl apper
closure pla 86.is in.its fully ope sition. M45 JAN -24U - | |
Referri ng nSWPIEEING BRIFLS TRremad it ot 4 Sapesr VAlKe @sasahnis, depiciashaed ed
and generally designated 150. Fl apper val ve assenbly 150 includes a

f | appegeceiyrdesighated 8.t iapper \alve asserty db0sodugesia iflappby cidsapaer
val ve cl osure assenbly 102. Fl apper val ve closure assenbly 102 includes a

conpr epkiterges Biatng bisd 1o e dsseddpssiose bywlddper el lchysue! sthbly Alozpper
val ve cl osure assenbly 102 al so includes a piston 156 that has sl eeve 158

whi ch t ' ' 54 WiAtRi 5 :
Connect | P erpey GoSnRL AEaRbl 903 ol § odtBteRlon Refing fsathat & g
154 with | 124. | he_iLl lustr at di t, t nb
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connecti on nenber 122 engages fl apper closure plate 86 as described above.

When f Bapistan 56y thad Jwsblepvestss whypla reandarts rempressioinoseripgs1ad avithin

depicted in figure 11 to the open position as depicted in figure 10,

oper at annulapehdB 152s Axdamabetod onamdied | 122t isr cugled &b \pistohatBi onABer @tidit | ng
fl apper closure plate 86 about 90 degrees. As flapper closure plate 86

rot at e%pp@_@il@rsﬁﬁﬁgoﬂiéﬁ Withn€oudplihgl $24 COQRRAESAESAEE &RbbARSIRMBSRREHBY ement
~of connection nmenber 122 and piSton 156 thereby biasing flapper closure

plate ﬁ@eﬁ%‘@ﬁ92ti??ot%kéﬁ)?goﬁﬁlﬁhtt.boﬂstoﬁﬁ gé.a%e{he end opposite coupling 124,

connection member 122 engages flapper closure plate 86 as described above.

When flapper valve assembly 150 is operated from the close position as
depicted in figure 11 to the open position as depicted in figure 10, operator tube 82
is extended downwardly through valve chamber 98 rotating flapper closure-plate 86
about 90 degrees. As flapper closure plate 86 rotates, compression spring 154 is
compressed due to the downward movement of connection member 122 and piston
156 thereby biasing flapper closure plate 86 toward the closed position. As flapper
closure plate 86 nears its fully open position, connection member 122 contacts
counterbore 96 of flapper valve chamber 98. As such, connection member 122 acts
like a leaf spring and further biases flapper closure plate 86 toward the closed
position. This result is achieved due to the arcuate shape of connection member
122 which assures that a moment will be applied about hinge 100 even when flapper
closure plate 86 is in the fully opened position.

While this invention has been described with a reference to illustrative

embodiments, this description is not intended to be construed in a limiting sense.



closure plate 86 nears its fully open position, connection nenber 122
contacts counterbore 96 of fl apper val ve chanber 98. As such, connection
menber 122 acts |ike a leaf spring and further biases flapper CI]C?UJEN 2004
plate 86 toward the closed position. This result is achieved due to the
arcuat e shape of connection nenber i%z whi ch assures that a nmonment will be
appl i ed about hinge 100 even when fTapper <closure plate 86 is in the fully
opened position. Wiile this invention has heen described with a reference
to il Vafiprs inpedifisatiens Aedteombinaions o thetilusiratye einbpdiments g weleas
construed in a limting sense. 0 5 JAN 2004 -12- Various nodifications and
conbi nathesresbbdintents | dfuthier imvenBore nvdldbewpparaist toepersams skilhed imtbedanent s
of the invention, will be apparent to persons skilled in the art upon

ref er epggntiefdrdAce eRc tHPldeRBriplidn.i Sit shenakase, ihtehardeghat Ak hpseddnended
cl ai mrs enconpass any such nodifications or enbodi ments. Wat is clainmed is:

0 5 JA - j | ai LS fl val ve assenbly
conpri§Pﬁ§§%chﬁﬁﬁ¥g%&vgﬁ§@'ﬁggggﬁgéwzéf%@mgmﬂﬁﬁgé‘and a hole; a val ve seat
nmount ed Wit hi n the housing having a valve seat sealing surface, the valve
seat d¥fhaiingladmeddsy passage therethrough; a flapper closure plate
rotatably coupled to the hinge and rotatable between a valve open position
in which the flapper closure plate is renoved fromthe val ve seat and a
val ve cl osed position in which a sealing



surface of the flapper closure plate sealingly engages the val ve seat
sealing surface for preventing flow through the fl ow passage; and a fl apper
cl osure assenbly biasing the flapper closure plate toward the cg?%ﬂv 204
position, the flapper closure assenbly including a spring nount in?ﬁ
the hol e and a connection nenber operably coupling the spring to the

fl apper closure plate, the spring bei ng3conpressed when the flapper
closure plate is noved toward the open position causing the connection
nmenber to urge the flapper closure plate toward the closed position, the
connectlonmqg ﬁ‘\#d}g a arcuate shape such that the connection nenber
exerts a nonent on t | apper closure plate when the flapper closure
plate is in the open position. 2. The flapper valve assenbly as recited in
clai m1 wherei n the connection nmenber is rotatably received within a notch
in the flapper cI osArquﬂeatvalveaassembmepnsmgt ve assenbly as recited in
claim1 wherei n va v cl osure assegrb? ﬁ‘ﬂ urther conprises a

pi ston menber af Q‘z&'@f"a%e'ﬂ?%w VE}QO@@H"% #A |8 hol e, the piston
|
menber couplingg %?vé@%%%og@t?de gﬁpgﬁﬂfbﬁﬁépé’iﬂﬁ]’@é@\ma \Palvc’?%'ﬁt <8dfng 14 4

The flapper valve asse connetti on

nenber is swufadesthe vabupsedt defiring aommcpassa?‘eetheréihroﬁgh fl apper valve
assenbly as recited in claim1l wherein the | apper cl osure plate travels

about 90 degr eed flappREsiosure plats setatally taowpleditel the dinge andontatahie
between a valve open position in which the flapper closure plate is

removed from the valve seat and a valve closed position in which a sealing
surface of the flapper closure plate sealingly engages the valve seat
sealing surface for preventing flow through the flow passage; and

a flapper closure assembly biasing the flapper closure plate toward
the closed position, the flapper closure assembly including a spring
mounted within the hole and a connection member operably coupling the
spring to the flapper closure plate, the spring being compressed when the
flapper closure plate is moved toward the open position causing the
connection member to urge the flapper closure plate toward the closed
position, the connection member having a arcuate shape such that the
connection member exerts a moment on the flapper closure plate when the
flapper closure plate is in the open position.

2. The flapper valve assembly as recited in claim_1 wherein the
connection member is rotatably received within a notch in the flapper

closure plate.

3. The flapper valve assembly as recited in claim 1 wherein the

flapper valve closure assembly further comprises a piston member at least
partially disposed within the hole, the piston member coupling the spring to
the connection member.



6. The flapper valve assenbly as recited in claim1 wherein the distance
bet ween the connection nenber on the flapper closure plate and the hinge
provides a nonent armsufficient for the flapper closure assenbly (d bjsé 2004
the flapper closure plate fromthe open position to the closed position.

7. A subsurface safety valve adapted to be placed in a well

tubi ng string

to control flow therethrough conprisind4-a val ve housing having a bore
t heret hrough, a hinge and a longitudinal hole; a flapper closure plate
nounted within the bore and rotatable about the hinge, the flapper closure

plate movabl e bgtweepnam VR b8 as 3eEhS 5l PAM 8'\IRerdithe | apPer

cl osure plate having a sealing surface om one

not ch on

opposi t e scalnectioropaverhber miss abdtatably pacoegbled t ko n thée pgiston f mensloert. r ol | i ng
novenent of the flapper closure plate fromthe closed position to the open
position; a flapper closure assenbly biasing the flapper closure plate
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operably fapreslosare PRt iavel absutedashised BetsEs the titRedPpodifioRel Ng

conpressed when the flapper closure plate”is noved toward the open
posi tion candtheopre pasitirtt i on menber to urge the flapper closure plate 0
5 JAN 2004 -15 toward the cl osed position, the connection nenber having a

arcuate

6. The flapper valve assembly as recited in ¢claim_1 wherein the
distance between the connection member on the flapper closure plate and
the hinge provides a moment arm sufficient for the flapper closure
assembly to bias the flapper closure plate from the open position to the
closed position.

7. A subsurface safety valve adapted to be placed in a well
tubing string to control flow therethrough comprising:

a valve housing having a bore therethrough, a hinge and a
longitudinal hole,;

a flapper closure plate mounted within the bore and rotatabte about
the hinge, the flapper closure plate movable between an open position and
a closed position, the flapper closure plate having a sealing surface on one
side and a notch on the opposite side;

an operator movably disposed within the bore for controlling
movement of the flapper closure plate from the closed position to the open
position;

a flapper closure assembly biasing the flapper closure plate toward
the closed position, the flapper closure assembly including a spring
mounted within the longitudinal hole and a connection member operably
coupled to the spring and engaging the notch, the spring being
compressed when the flapper closure plate is moved toward the open

position causing the connection member fo urge the flapper closure plate



shape such that the connection nmenber exerts a nonent on the fl apper

cl osure plate when the flapper closure plate is in the open position; and

val ve seat disposed within the val ve housing, the val ve seat haviﬂn& AAN 2@04
sealing surface, in the closed position, the sealing surface of the

fl apper closure plate sealingly engaging the sealing surface of the valve
seat. 8. The subsurface safety val ve addrecited in claim7 wherein the
connection nmenber is rotatably received within the notch of the fl apper
closure plate. 9. The subsurface safety valve as recited in claim?7 wherein

the flappward e cdlosed epasitienbitive f corintionoMEMBes Walhgt anar@ider at
| east partially diaz'ggsed within the hole, the piston nenber coupling the

spring to SHaRe Su6 t she reompection amemther axssts adoomertcary thalflappes
recited in,claim9 wherein the connectign, nenb i s rotat.ably coupled to
he i st orcihsfistpiad Wiep e findrdRelte Atg RUBThe ShereeSifion ad ol o m 7
wherein the fl C I ; t r t he

cl osed positi onapgﬁget %%ﬁ%ﬁﬁ%@%& q?ﬂ’? Thl%glggﬁ @ﬁ\)@wasse%)tl y as
reci ted i nhavingra Sealirg sunfackein thestlosed pasitier,nthehsealingecsudack ofi¢héi nge
provi des Zﬁlrmrrent arm ﬁuffici ent for the flapper, closure assenbly to bias

the flappeaRRYsEHPEUR plate seajnalnengaging dae tseghingSurface b dbe Y¥etion. 0
5 JAN 2004456 13. A fl apper val ve assenbly conpri sing:

8. The subsurface safety vaive as recited in claim 7 wherein the
connection member is rotatably received within the notch of the flapper
closure plate.

9. The subsurface safety valve as recited in claim 7 wherein the
flapper valve closure assembly further comprises a piston member at least
partially disposed within the hole, the piston member coupling the spring to
the connection member.

10. The subsurface safety valve as recited in claim S wherein the
connection member is rotatably coupled to the piston member.

11.  The subsurface safety valve as recited in ¢claim 7 wherein the
flapper closure plate travels about 90 degrees between the closed position

and the open position.

12. The flapper valve assembly as recited in claim 7 wherein the
distance between the notch and the hinge provides a moment arm
sufficient for the flapper closure assembly to bias the flapper closure plate
from the open position to the closed position.



a tubul ar val ve housing having a hinge and a | ongitudinal hole; a valve
seat nounted within the housing having a val ve seat sealing surfage, the
val ve seat defining a fl ow passage therethrough; a flapper cl osureorﬁ AN 2604
rotatably coupled to the hinge and rotatable between an open position and
a closed position, the flapper closure plate having a valve seat sealing
surface on one side and a notch on t el opposite side that is spaced a

di stance fromthe hinge; and a fl apper closure assenbly biasing the fl apper
closure plate toward the closed position, the flapper closure assenbly

including a spri®g Addppey valveagsdrmBly itapiisiignal hole, a piston at |east
partially disposed wth the |ongitudinal hole and operably coupled to the

spring and a caitudar valvesnusing tiasingbd hingeiahdd loogitudinal hote; and

rotatably engagin t he notch he spri ng bei ng conpressed when the fl apper
Closure plate I3 Vaig,seet Baunted WENGEitie Bousing davinda VAve Meat SRALXA | on

menber to *uﬁ?%té‘ﬁs vfall\?é)ggét &éﬁ?ﬁ%% &@?&éggﬁ&ﬁ?‘%ﬁ% sed position, the

connecti on having a arcuat e su ¢onnecti on nenber

exerts a noneni flappehelddurpnsiate retatitsty Roapted e thé indeé aipgerotatatier e
plate is in the open position. 14. The fl apper val ve assenbly as recited

in clai m1ReWeanAn apen ppsiigpeand Rodosed masition. ithedlappessleswe plale ces
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cl osed positiona flapper closure assembly biasing the flapper closure plate toward
the closed position, the flapper closure assembly including a spring
mounted within the longitudinal hole, a piston at least partially disposed
with the longitudinal hole and operably coupled to the spring and a
connection member rotatably coupled to the piston and rotatably engaging
the notch, the spring being compressed when the flapper closure plate is
moved toward the open position causing the connection member to urge
the flapper closure plate toward the closed position, the connection
member having a arcuate shape such that the connection member exerts
a moment on the flapper closure plate when the flapper closure plate is in

the open position.

14.  The flapper valve assembly as recited in claim 13 wherein the
flapper closure plate travels about 90 degrees between the closed position
and the open position.

15. The flapper valve assembly as recited in claim 13 wherein the
distance between the notch and the hinge provides a moment arm
sufficient for the flapper closure assembly to bias the flapper closure plate
from the open position to the closed position.





