SUBSURFACE SAFETY VALVE FLAPPER TECHNI CAL FI ELD [0001] This invention
relates to subsurface safety valves for deploynent in hydrocarbon
producing wells, particularly subsurface safety val ves conprising fl appers.

BACKGROUND [0002] Typically, a hydrocarbon producing well will include a
subsurface safety valve to seal off a section of production tubing in the
event of an energency, e.g., danage to the well head. This type of valve

is usually activated fromthe surface using a hydraulic control system
with control lines that SUBSURFNCE SAFRTY ¥ad VIO FLAPPREIsur f ace safety

val ve. The valve typically conprises a valve housing and a cl osure nenber
used to seal the production tubing in the well bore. The cl osure nenber
typically used is a flapper whi ggrdgnicRpgdEY.pAttached to the valve
housi ng and rotatabl e throughout an arc of ninety degrees between an open
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position such that hydrocarbons may flow in the production tubing. Once,
the hydraulic pressure is lost in k?ﬁaﬁﬁé the flow tube noves upwardly
thereby allowing the return sprinﬁ e flapper in a closed position
ef f ecti vegosopealpibtly, afydfdcambh BRodiinbandl Wi ifdualy DubbieicecarBoRgve o t he
producti on tubi ng. ﬁboog' Once the flapper is in the closed position,
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the flapper. Such an equalizing valve assenly typically conprises.a
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by the spring, is displaced to allow the pressure differential to dissipate
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referred to as a flowtube, downwardly against the flapper and a return spring, thereby

disposing the flapper in an open position such that hydrocarbons may flow in the production
tubing. Once, the hydraulic pressure is lost in the system, the flow tube moves upwardly
thereby allowing the return spring to bias the flapper in a closed position effectively sealing
off from the surface the flow of hydrocarbons in the production tubing.

[0003] Once the flapper is in the closed position, formation pressure accumulates on the
upstream side of the flapper. This increase in pressure causes a high pressure differential
across the flapper making the opening of the flapper difficult. One manner to solve this
problem is to incorporate an equalizing or bleed valve assembly in the flapper. Such an
equalizing valve assembly typically comprises a plunger or like member, a spring, and
hardware to fasten the spring and plunger to the flapper. The plunger, typically biased against
the flapper by the spring, is displaced to allow the pressure differential to dissipate across the

flapper thereby reducing the difficulty in disposing the flapper in an open position.



[0004] 1t now has becone apparent that a need exists for a durable
equal i zi ng valve assenbly which can withstand the extrene forces generated
by the and on the flapper when it slans closed during use. The flapper is
commonly exposed to extrene forces during closing. Those forces may danage
the equal i zing val ve assenbly conponents, especially the hardware used to
fasten the equalizing valve assenbly to the flapper. [0005] The present
invention is deened to neet the foregoi ng need, anongst others, by

providing in at | east one sgMMARBNOF BHEIINMENTIONDP'i Sing a durable and
efficient flapper valve assenbly capable of dissipating a pressure
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body when rotating between an open state and a cl osed state during use of

t he saf edfin safity valve desigued faralsplogmpntrin jagvelldfore havingwell bpyei fhids. | The dlapper
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val ve during operation. [0007] _Anot her enbodinment of this invention.is a
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in a wel]fREERI RaTdIshdWdeborRin@ poltibndSaddithaliR ith©Happer comprises a leaf spring
comprising a primary end portion and a secondary end portion, the primary end portion of the
leaf spring detachably attached to the second end portion of the plunger member and
unattached to the flapper body and the secondary end portion of the leaf spring being sized
and configured to be received and retained in the groove and to bias the plunger member into
the flapper valve bore. Forces exerted on the flapper body when rotating between an open
state and a closed state during use of the safety valve urge at least a portion of the leaf spring
into the groove. In this way, the components of the flapper maintain their structural
relationship with one another despite being exposed to the forces associated with the repeated
opening and closing of the safety valve during operation.
[0007] Another embodiment of this invention is a method for equalizing differential
pressure across a safety valve deployed in a well bore having well bore fluids. The method

comprises deploying the safety valve in the well bore. The safety valve comprises a flapper,
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conprises deploying the safety valve in the well bore. The safety val ve
conprises a flapper, 2 wherein the flapper conprises a flapper body
formng a flapper val ve bore therethrough. The flapper body further forns
a groove proximate to the flapper bore. The method further conprises

bi asing a plunger nenber in the flapper valve bore by coupling the plunger
menber to a | eaf spring conprising a primary end portion and a secondary
end portion. The plunger nmenber is sized and configured to be received in

the fl appfiéreiahy SafiRF Corapikel b flapsdt bo&PfiRmirgesilabpbi vaite utel thetdtlirongh. afie a
second end portion. The primary end portion of the |eaf _spring In‘(§5‘ ﬁoupl ed
hrda}egmé rt

to the sHerpse bedy fydher iformsor FropyeprprgBte ipelisellaPPehiosechd Hortion
of the | i oS S Af i W esinfiRe thebRinbgd 1 n
the gr oogcg{lpr%%gwn%llgh%iﬂ%%%t ﬂ{egﬁlbggyplrﬂ%gggﬁbgi}glgpgcl?(ﬁgq{yhg(qjgl u%gter_bmsgber to
al | ow f | oiegiberctofa leaff springreemprising & primefy andepoviidnl andar secongainendiiogiesr Breessur e

to a portion of the.well, baore havi ower. fe . sRpl.aci
pl unger REREEMIRSL éSsSI%ﬁﬁlea'@rﬁoﬁﬁWeéelﬁ)dkepf)eF 'tﬂiv?)(gmot?’g ﬁ%‘gp ?regg sbg)?‘li %gi ﬁ"gﬁerr otate
about t heorhptised Wdirst@hd p¥itdnaid tahecdndagap @ortionh eTtelpricidre epd posion @f the leaf

differential across the safety valve is. equalized. [ 000 Still, yet,
anot her SW8dE reRRled fto theessprd gpd PPRIPE ] 'gﬁ Pglfftg\f/‘f ggibsr. ﬁc?ﬁcqng?‘%’ end

retaini nﬁorﬁoﬁ b?@f@QEaF/sghﬁg id 8284 Jﬂd%ﬂﬁ%u&ﬁ‘ t&bS dcBivid YAl YRaiA&S indhe Srdove.
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forces afa?et?%@l%fs‘%qﬁﬁizfe&e fl apper and thereby retains the plunger nmnenber
in the flapper valve bore. [0009] These and other features of this
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f1 apper The mBthod comprises providing a flapper valve bore in the flapper. The flapper valve bore
extends through the flapper and the flapper further defines a groove extending distally from
the flapper valve bore. The method further comprises biasing a plunger member into the
flapper valve bore by coupling the plunger member to a leaf spring. The leaf spring is
disposed in the groove and extends distally from the plunger member. The leaf spring is
urged into the groove when forces are exerted on the flapper and thereby retains the plunger
member in the flapper valve bore.
[0009] These and other features of this invention will be still further apparent from the

ensuing description, drawings, and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Fig. 1 is a cross sectional view of a subsurface safety valve, wherein the flapper is in
a closed state consistent with one embodiment of the present invention.
[0011] Fig. 2 is a cross sectional view of a subsurface safety valve, wherein the flapper is in

a open state consistent with one embodiment of the present invention.
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a closed state consistent wth one enbodi nent of the present invention.
[0011] Fig. 2 is a cross sectional view of a subsurface safety val ve,
wherein the flapper is in a open state consistent wth one enmbodi ment of
the present invention. 3 [0012] Fig. 3 is a perspective view of a flapper
consistent with one enbodi nent of the present invention. [0013] Fig. 4 is
a cross sectional view of a flapper body and a flapper valve consistent
with one enbodi nent of the present invention. [0014] Fig. 5 is atop plan
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[0015] Fig. 6 is a perspective view of a plunger menmber conprising a
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[0018] In each of the above figures, like numerals are used to refer to like or functionally

like parts among the several figures.

FURTHER DETAILED DESCRIPTION OF THE INVENTION

[0019] Iilustrative embodiments of the invention are described below as they might be
employed in the construction and use of a subsurface safety valve flapper and methods
according to the present invention. In the interest of clarity, not all features of an actual
implementation are described in this specification. It will be of course appreciated that in the
development of such an actual embodiment, numerous implementation-specific decisions
must be made to achieve the developers® specific goals, such as compliance with system-
related and business-related constraints, which will vary from one implementation to another.
Moreover, it will be appreciated that such a development effort might be complex and time-
consuming, but would nevertheless be a routine undertaking for those of ordinary skill in the
art having the benefit of this disclosure.

[0020] Turning now to the figures, Figs. 1 and 2 illustrate a subsurface safety valve 10
consistent with at least one embodiment of the present invention. When deployed in a well

bore (not shown), subsurface safety valve 10 is commonly incorporated into the production
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consunmi ng, but would neverthel ess be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure. [0020]
Turning nowto the figures, Figs. 1 and 2 illustrate a subsurface safety
valve 10 consistent with at |east one enbodinent of the present invention.
When deployed in a well bore (not shown), subsurface safety valve 10 is
commonly incorporated into the production 4 tubing (not shown). Subsurface
safety valve 10 includes a valve housing 12 conprising a first end portion
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tube or sleeve, is
shown in F1g 2. With the flapper 24 and valve seat 22 forming the sealing relationship as

shown in Fig. 1, the subsurface safety valve 10 inhibits fluid flow from the upstream portion
of the well bore to the downstream portion of the well bore. As illustrated, the flapper 24
further comprises a pressure equalizing assembly 28, the structure and function of which will
be discussed further below.

[0022] An actuation member 30, which may be a conventional actuation tube or sleeve, is
disposed within the housing bore 18 downstream of the valve seat 22 and may be shifted
along the longitudinal axis of the housing bore 18, typically by means of hydraulic pressure or
shifting tools; however, actuation member 30 may be shifted by other means known in the art.
Actuation member 30 is shifted between an upper position (as shown in Fig. 1) and a lower
position (as shown in Fig. 2). Actuation member 30 comprises a lower end portion 32, the
lower end portion 32 may be substantially flat. Actuation member 30 is shifted to allow the

flapper 24 to rotate between open and closed states depending on the position of the actuation

member 30.



di sposed within the housing bore 18 downstream of the valve seat 22 and may
be shifted along the |ongitudinal axis of the housing bore 18, typically
by neans of hydraulic pressure or shifting tools; however, actuation
menber 30 may be shifted by other nmeans known in the art. Actuation nenber
30 is shifted between an upper position (as shown in Fig. 1) and a | ower
position (as shown in Fig. 2). Actuation nenber 30 conprises a | ower end
portion 32, the Ilower end portion 32 nay be substantially flat. Actuation
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fl apper body 34 the valve seat 22. The Tl apper body 24 urther forms a
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34 further forms at least one hinge component 42, illustrated as a hinge, sized and configured
for hinged attachment to the safety valve 10, wherein the hinged component 42 extends
radially from the flapper body.
[0024] As illustrated in Figs. 3 through 5, flapper body 34 further forms a flapper valve
bore 44 therethrough, the location of the flapper valve bore 44 being within the contact
portion of the downstream face 40 of the flapper 24. Flapper body 34 further forms a groove
46 proximate to the flapper bore 44 in the upstream face 38 of the flapper 24. Groove 46
extends distally from the flapper valve bore 44 toward the portion of the flapper body 34
directly opposing the hinged component 42.
[0025] Flapper 24 further comprises a plunger member 48, illustrated in Figs. 6 through 8 as
a plunger, is sized and configured to be received in the flapper valve bore 44. Plunger 48 is
further sized and configured to shift within the flapper valve bore 44; however, plunger 48

forms a sealing relationship with the flapper valve bore 44 when disposed within the valve
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radially fromthe flapper body. [0024] As illustrated in Figs. 3 through 5,
fl apper body 34 further fornms a flapper valve bore 44 therethrough, the

| ocation of the flapper valve bore 44 being within the contact portion of
t he downstream face 40 of the flapper 24. Flapper body 34 further forms a
groove 46 proximate to the flapper bore 44 in the upstreamface 38 of the
fl apper 24. Goove 46 extends distally fromthe flapper valve bore 44
toward the portion of the flapper body 34 directly opposing the hinged
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end portion 50 of the plunger 4 26] Plunger 48 further fornms a pI unger

nmenber bweheaeidahe fiest emChiG) wdhcatcadsat.tm ﬁet m paities 5@ of wemhgeﬁr #hand ispn fugls

and 8. Pl un ore e

wherein ‘f%‘?é‘q‘r“?“r‘ gena ‘rlTIPSErF O%GJ a{)is Ehﬁe&}%ll r%g %‘ﬂﬁ%rﬁ%g gggro?eﬁt he

pl unger &Bindsiehl iirs forh efrlﬂlfutﬁhereompﬁm(aaionmuom; Sihewuémpemngamsrfonhércfmmsf t he
wel | bore. Plunger 48 as%m rat ed, é%l ndrical in f gépd%l rther
conpr i se& leastes ¥id pethway y Gﬁmmlgplfﬁﬁ‘g‘rw the plyngst mF’iS‘P?ﬁs or € one
Fluid patiingyy 62ckibnds! ibindl ¢ | Gadel SHkoWhé bideWwall B WPERIplIRELES. PAMEe54.
Fluid pathwdy 62 extends fromthe plunger bore 54 to the sidewall 60 of

the plu nlzmc 54.8nd fyid pgtway 168 ipeovide aaﬂ@dﬂomiaaswt%%@ﬂus@ﬂrs fsppaeabyetbpis 4

G sposed st i bIpBHEbd: IBarsARPEE et TalRbbreoth A hoiE B HBREA B ©
t he fI| apgeflapgdrwalvbdoe dsoghatithkafluit ipassapeway qmlssxaﬂmdwpnﬁnmuzatwmwﬁthlbpth

communi ant Lilp%?rezml tsiﬂe lcj)? ’Ehg flapper 24 and a downstream side of the flapper 24.
[0027] As shown in Figs. 3 through 5, flapper 24 further comprises a leaf spring 66. As
illustrated, leaf spring 66 extends distally from the flapper valve bore 44. Leaf spring 66
comprises a primary end portion 68 and a secondary end portion 70. The primary end portion
68 of the leaf spring 66 is detachably attached to the second end portion 52 of the plunger 48
and unattached to the flapper body 34 and the secondary end portion 70 of the leaf spring 66
is sized and configured to be received and retained in the groove 46 and to bias the plunger 48
into the flapper valve bore 44. The primary end portion 68 of the leaf spring 66 may further
define a leaf spring aperture 72, wherein the second end portion 52 of the plunger 48 may be
inserted through the leaf spring aperture 72 and mechanically coupled to the leaf spring 66.
The leaf spring 66 is received and retained in the groove 46 such that forces exerted on the
flapper body 34 when rotating between an open state and a closed state during use of the

safety valve 10 urge at least a portion of the leaf spring 66 into the groove 46.
[0028] Plunger 48 is movably disposed within the flapper valve bore 44 between an open
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an upstream side of the flapper 24 and a downstream si de of the flapper 24.
[0027] As shown in Figs. 3 through 5 flapper 24 further conprises a |eaf
spring 66. As illustrated, |eaf spring 66 extends distally fromthe
fl apper valve bore 44. Leaf spring 66 conprises a primary end portion 68
and a secondary end portion 70. The primary end portion 68 of the |eaf
spring 66 is detachably attached to the second end portion 52 of the
plunger 48 and unattached to the flapper body 34. and the secondary end
portion ap%QiﬁeB_atnhea cRAEd PBSiHAY GR thé open positiandficianhigdlond troughetheefhed ved
and retained in the groove 46 and to bias the plunger 48 into.the_flapper
\(;a:c ve bmagsag?yay]%frgmi therupsteesin pestion ghthegvelk barp & the dowasreapyPBEomalthe ur t her
efine a Sqr. LLure 7 JIN B i | ; f the
ol unger i B brARE Y hker s REHELTL e RERARIEALY IR hOipring o8
mechani cath yhac tepilatet 48 tieates eatalmgriclatjor®bip wirhghe esyalyenbpered4ise thacei ved

and retalned in the groove 46 sugh. that forc X : r bod
34 whon 1 & RGSG: HEEHEHED SEh i S g s 8% Jaht ERsRlediifon, Sr3RREL "TR
safety jﬁ)ll’t‘{(ﬁl 46 oP kH@Cplahger A8SdxtehdP @bdveOfie @bnthdtepdriiaf (rpshaven)6d thetflappdre
groove 46. [0028] Plunger 48 is novably disposed within the fl apper val ve
borgt44h§)d§;i gg an open 7 position and a closed position. In the open
positio ui : o ; i stream
Por i on 199241 gBior Y AR s ML B e A Porar | 1

i ts nornh¢ chisat positidruillystrated ini Fighilawettie japen ipesitipw sbustrpisdiin iFigy Dy Thisels| eaf

spring 66 suc at,. the pl.,un .48 y ' ' L B: Wi
g e L S A
2382 a?gV%wm@ﬁard ioﬁ;a%&&e@bftﬁ@?l petod bDihe V\feillrlﬁirr]e emtil theomter oml pdtiod 32 béthel unger
xtends above the_contact portion (not f the f bod :
[0029] lastustien membar 39 Rentasi g rfff%tfégéﬁwwgﬁvﬁ)s plperas, ptﬁggg‘%?“ﬁg%%ngﬂ he
fl apper tﬁépfu&gép 4stite}§ @Ldbéﬁgoﬁgéﬂ,%ﬂ%&éby! ddntprbdsiioqRt ieﬁf J,ja'rﬁg 6k. tFuitl FRnomen

position i trat _ . 2. Is’is “acconplished by disPIacing t he
act uat i aupstreambportia® of therwelt sorei ppemopolow itetheglovnatream pprgion of thesvaAlRare

toward the upstream porii an of .the I il r i on 32
of e 'HusuBRrG Emaapt Soph oS il OF baliBid, b o MRy SRy o
pl unger f8her thoves 6o tHeafstretng diectioh@owirdsn e lowk position,athe egeatiopasérmbar3)

t hereby conpressing the |eaf sprjng 66.. F]ui
Y contrarlgts the contact portions of th% tjlap;g)er body .44‘,J Ithdergbryobrtqntgpn% the actuation member

30 and contact portions into mating contact and allows the flapper 24 to be urged into an open
position as the actuation member 30 travels to its lower position.

[0030] In order to close the subsurface safety valve 10, the actuation member 30 is moved
upwardly in the downstream direction towards the upper position of the actuation member 30.
As the actuation member 30 moves upward, the torsion spring (not shown) urges the flapper
24 towards its closed state. When the production tubing (not shown) incorporating the
subsurface safety valve 10 contains fluid flowing at a high flow rate or under significant
pressure, the flapper 24 may slam shut against the valve seat 22 with tremendous force. This
force actually aids in retaining the components of the pressure equalizing assembly 28,
namely the leaf spring 66 and plunger 48, disposed in the flapper body 34 by urging the leaf
spring 66 into the groove 46 when such forces slam the flapper 24 against the valve seat 22.
By providing a groove 46 in the flapper body 34 and minimizing the amount of hardware in

the pressure equalizing assembly 28, it extremely unlikely that any component of the pressure
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upstream portion of the well bore may now flow to the downstream portion of
the well bore. Thus, pressure across the flapper 24 is reduced or

equal i zed. As the actuation nmenber 30 further noves in the upstream
direction towards its | ower position, the actuation nenber 30 contacts the
contact portions of the flapper body 34, thereby bringing the actuation
menber 30 and contact portions into mating contact and allows the flapper
24 to be urged into an open position as the actuation nenber 30 travels to

its | ovwegqupiRahd a@anbl&Q@?inuld Ebc@ihé dislddged fromand fidsethesviftgoalwabet y val ve
10, the actuation nenber noved upwardly in the downstream direction

t owar ds Wﬂ@]u@@rOfp’é@P%Wéhllldﬂ ﬂ%q'?é't wik epderstnd thatfhercomponenig of the sustrfagei on
menber K r per
24t ovar 420 Fave HRARHE (e Hapb bR BRI, ol oy, HEF b e o

i ncor porlagh stgpngtlnsteekmb@ualsmmaltestoy nv&blaaomrlcmteallahs fluid flow ng at a

high flo t under ,si gni f fl,,a,p A m shut
agai nst [\lﬂﬂ%ﬁvgq)gygptsagg}ayﬁ gﬁ’ X&E?Févh(fdﬂ ¢ L{%cfgh le ro?r(l:eé% gal F‘;f/l ai ds

in ret ai vkl is MR irt@idpe REINL B, 4 shéred ﬁd&tﬁﬁ%ﬁﬂnﬁquﬁhmmnggthasis&mbhgm&& nanel y
the leaf spring 66 and plu di sposed i n the f?llghﬁer "bq'd 34 by

ur gi ng t¢am t@&fsmgiepﬁl?lﬂﬂlté%wg’r?f‘éhec%CISF%%V\%R&@CKAH@?@ fBr %‘és‘ 44 i he
f1 apper \&éd ﬂ&‘@fnrl§ fnté[nla@d MAlOVEr R} midte sucﬁ%leﬁfeﬁté‘ Q{IE@ tife B%1QR ?@ss‘}ﬁ ilditatede

fl apper body 34 and mnim zing the amount of hardware in he pressure
equal i ziotgerwssenbl y 28, it extrenely unllkely t hat any conponent of the
pressur a|JZIn assenb 8 - |

subsurf g%s] af %/mv%ﬂt 1ﬁ%13ce[pb§1§%? c@ ga\‘bpee&ag n%r?{yﬁéﬁqﬁﬁeéhlél{at%ﬁé&%%tdm |
under st afiélappeaded diimsonponent s of the subsurface safety valve, including
the fl apper body and pressure equalizing assenbly, may be made from high
strength steel materials, conposites or non-elastoneric materials. [0032]
Except as may be expressly otherw se indicated, the article "a" or "an" if
-and as used herein is not intended to limt, and should not be construed
as limting, the description or a claimto a single element to which the
article refers. Rather, the article "a" or "an" if and as wused herein is
i ntended to cover one or nore such el enents, unless the text expressly
indicates otherwi se. [0033] This invention is susceptible to considerable
variation within the spirit and scope of



the appended clains. 9 CLAIMS 1. A flapper for use as a conponent of a
safety val ve designed for deploynent in a well bore having well bore
fluids, the flapper conprising a flapper body formng a flapper val ve bore
t her et hrough, the flapper body further formng a groove proximate to the
fl apper bore; a plunger nenber sized and configured to be received in the
fl apper valve bore, the plunger nenber conprising a first end portion and
a second end portion; and a leaf spring conprising a primary end portion
and a secpagsy end portion, the primary end portion of the |eaf spring
detachably attached to the second end portion of the plunger nenber and
unattached to the fl apper body and the secondary end portion of the |eaf
spring [ groove
R o b O B B e e e D o cee
exerted lmmmgh’eallfﬂoa@ﬂmds tloiffappbiegompsisingi ng bet ween an open state and a
closed state ur| e of the saf on of the
| eaf spring i H%dﬁi H%Op “A'e Yé/bore theéeé%r& |’?1%e f#ag’ggﬁbfl%%@@&{e erein the
pr'”ny'@ﬂﬁnQ@@thEpﬁknhﬁeuimﬁﬁhpmﬁmﬂg,|s nechanically coupled to the

second end port| on of the plunger nmber a r acc oclaim1l
wherei n the prRlvageymembersizediagd copfiguerd tPQﬁfecﬁlﬁF‘iIi wﬁgg‘ﬁm?éwa Ve ‘Prgﬁbg a | eaf
spring Hin Wﬁﬁirlﬁln%Q%r§%QBQn%H@n@9"sédoﬁéf'e&f pdrién;Rhgnger nmenber is

i nserte oug the I'eaf “spring aperture and nmechani cal ly coupled to the

| eaf spri ng adeafApiing esmyprisinig\aeprinaary gepperfinead § secondmsy 1:ndaw@orh§m ng wel |

bore fluids wherei S Lh [ dance
with cl ey °% ,&P? %B%fea?%x fggg!a}éﬁatbyﬁﬁal m ?t Jee!r:(grfaﬁe%fi ?%(F er body is
curved. flunglr ﬁbﬁba@rndammcdedmg the)ﬂa;jpar body anﬁﬂfesemrtdbty a‘nkiqapnmn df ddwlezifur t her
forms at |east, one hi nge ent sSi and c ured B i nged

conpo
at t achnesRting Beipg @Z%‘?nét%?n@@r%t.o ) ee;elveﬁ apg é‘?ﬁﬁ@‘? ngPYI 0
wher ei n AfndePRsbér iRR'thé ARpRE villkeb@Eoove extends d| stally

wherein forces exerted on the flapper body when rotating between an open state and a closed

state during use of the safety valve urge at least a portion of the leaf spring into the groove.

2. A flapper according to claim 1 wherein the primary end portion of the leaf spring is

mechanically coupled to the second end portion of the plunger member.

3. A flapper according to claim 1 wherein the primary end portion of the leaf spring further
defines a leaf spring aperture, wherein the second end portion of the plunger member is

inserted through the leaf spring aperture and mechanically coupled to the leaf spring.

4. A safety valve for deployment in a well bore having well bore fluids wherein the safety

valve comprises a flapper in accordance with claim 1.

5. A flapper according to claim 1 wherein the flapper body is curved.

6. A flapper according to claim 1 wherein the flapper body further forms at least one hinge

component sized and configured for hinged attachment to the safety valve.
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fromthe flapper valve bore. 8. A flapper according to claim1 wherein at

| east a portion of the leaf spring extends distally fromthe flapper val ve
bore. 9. A flapper according to claiml wherein the plunger nenber further
forms a plunger nenber bore therethrough. 10. A flapper according to claim
9 wherein the plunger nenber further fornms at | east one fluid pathway in
fluid conmuni cation with the plunger nenber bore, the plunger nenber bore
and fluid pathway providing at | east one fluid passageway through the

fl apper valve bore when the plunger nenber is disposed in the flapper

val ve bore but is sufficiently displaced fromthe flapper valve bore so
that t he’-fAdlappgasepadipginclaim flwhrnem & leagh AR QLR fi ths ZRPYexsds distlly upst r eam
si de of nd a downstream side of the flapper body. 11. A
met hod f%&ﬁg%bgﬁpgﬁﬁggﬂ¥¥%érentiaI pressure across a safety val ve depl oyed
in awll bore having well bore fluids, the nethod conprising depl oying

the safefy,valve in the .| bore,.the safety v e risin . per
wher ei n i%h‘é @P%%ﬁ%?or%B%&m‘ﬁ@&Pgh?fF%aﬁgeraStbacPd)ﬁ ?no(?tlr%ll\{enEggswpégﬁtg?ds\?déﬁf@gpbor e
t her et hr Rsiglthe fldpper vahapes. body further form ng a groove proxinmate to the
fl apper bore; biasing a plunger nenber in the flapper valve bore by
coupling the plunger nenber to a leaf spring conprising a primary end

portion @n bafh the PRngr Wiafer AFREPREMPS pRMe& zed and
configur%dgggpéggggggﬁggﬁﬂ@gp?ﬁ%&?@gppggngglve Sgre and ?ur?he? conpri si ng

a first medbgydotd therethnaiigh. second end portion and the primary end portion of
the |eaf spring being coupled to the second end portion of the plunger
menber and the secondary end portion of the |leaf spring being sized and
confi gurey A dafifer b&ORIINERD cMifh I whertifekk plondeh eneneofuvther fans atilegpt @i ng t he
pl unger penber to allow fluid to fJom1240n1a ortion ﬁ% Hhe wel |l bore 11
havi ng hilgserthpaginsiliyid commanication with te plyngermembss boes: Ag\RlHget BFBPeTor essur e,

wher ei n s Bl PG YathivBE plOVIHREEL: IIBIGRITISRPRSEWAR (RELJRRRY N85Rr PAVE b Of
the leaf spring t rotaFe about the |atitudinal” axis of the flapper,
when the plunger member is disposed in the flapper valve bore but is sufficiently displaced
from the flapper valve bore so that the fluid passageway is in fluid communication with both

an upstream side of the flapper body and a downstream side of the flapper body.

11. A method for equalizing differential pressure across a safety valve deployed in a well
bore having well bore fluids, the method comprising

deploying the safety valve in the well bore, the safety valve comprising a flapper,
wherein the flapper comprises a flapper body forming a flapper valve bore therethrough, the
flapper body further forming a groove proximate to the flapper bore;

biasing a plunger member in the flapper valve bore by coupling the plunger member to
a leaf spring comprising a primary end portion and a secondary end portion, the plunger
member being sized and configured to be received in the flapper valve bore and further
comprising a first end portion and a second end portion and the primary end portion of the
leaf spring being coupled to the second end portion of the plunger member and the secondary
end portion of the leaf spring being sized and configured to be received and retained in the
groove; and

displacing the plunger member to allow fluid to flow from a portion of the well bore
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whereby the pressure differential across the safety valve is equalized. 12.
A nethod according to claim 1l wherein the plunger nenber fornms a plunger
menber bore therethrough, the plunger nmenber bore further form ng at | east
one fluid pathway in fluid communication with the plunger nenber bore, the
pl unger nenber bore and fluid pathway providing at |east one fluid
passageway through the flapper valve bore when at |east a portion of the
pl unger nenber is displaced fromthe flapper valve bore and the fluid

passagevayidgi $Hee presdutOiviafdriidnifdhd Well bere/hbviagidwee ppssure,avheadin tisplavieg | bore
havi ng hi gher "pressure to the portion of the well|l bore havin&fkomer
€

pr essur ethe plsnsesymesehies FusesThe PHmapr@d $rtion of theded sprine fo1gf3fseabo A met hod

accordi nlﬁti&xﬁinﬁfa@éis”&fjt%e 1;1#5 Elt)er conprising the step of opening the fl apper
after the pressure di rential has been equalized. 14. A nethod for

r et ai ni nghaeliyl thp pessuradifferential acfossithp eafeiyrvalvedatqualizedal ve desi gned for

depl oynent in a well bore, the nethod conprising providing a flapper valve

bore in the flapper, the flapper valve bore extending through the flapper

and the ] appRolucédiding eedlhini Ngwherginahyglusger atettibegfodins b alungerfmanbarhe

fl apper valve bore, and biasingﬁa pl nger menber into the flapper valve
Fe fugher fo fiig o

bore by stiperetyorghe thsiplinges Mm@ HBing aplepsi gne &ring
di spose dﬂl.hg c%nﬂ%fuﬂfc&%ﬁewiﬂp@w %%&q’:né}gbé#b%?@me)bllirfg@mnhlﬂﬁ?rmo%kﬁﬂrﬂuidm mber,

wher eby t spring is urged into the groove when forces are exerted on
L he f| apméhrwaytpreviding at leastioné flgidipassagdwaygbrougle tsdlapper velve bpreaplisarat leasty e
ore. 15. A.nethod accordi t 0..chal .S step of
o Lop AR ORI [ A ST TR Sk
passageway further allowing fluid to flow from the portion of the well bore having higher
pressure to the portion of the well bore having lower pressure thereby equalizing the pressure

across the flapper.

13. A method according to claim 11 further comprising the step of opening the flapper after

the pressure differential has been equalized.

14. A method for retaining a flapper valve in a flapper in a safety valve designed for
deployment in a well bore, the method comprising

providing a flapper valve bore in the flapper, the flapper valve bore extending through
the flapper and the flapper further defining a groove extending distally from the flapper valve
bore, and

biasing a plunger member into the flapper valve bore by coupling the plunger member
to a leaf spring, the leaf spring disposed in the groove and extending distally from the plunger
member,
whereby the leaf spring is urged into the groove when forces are exerted on the flapper

thereby retaining the plunger member in the flapper valve bore.

15. A method according to claim 14 further comprising the step of deploying the safety valve

in the well bore.
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