SUBSURFACE SAFETY VALVE FLAPPER TECHNI CAL FI ELD [0001] This invention

rel ates to subsurface safety valves for deploynent in hydrocarbon producing
wel l's, 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
usual ly activated fromthe surface using a hydraulic control systemwth
control lines that run fromthe surface to the subsurface safety valve. The

val ve typically conpri SGQ%W@WI@VMMEMERG menber used to seal
t he production tubing in crosure nenber typically used
is a flapper which is hingedly attached to the val ve housi ng and rotat abl e
t hroughout an arc of ninety degrgeSgRfEXESPERP oPen and cl osed position.
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referred {0035 Ehis IlmmmerelaMM\ﬁab%tfycea@éqmS'%IVQSh@r fiepleyseent o Hydosaghonr n

spri ng, on such that
hydr ocar b%ﬁ({sdﬁﬁxa%%ﬁsog/ hJelg%sEuo uctl n‘ndtlﬁgl ng. Qa%ce?ﬁétrﬁe hydraul i c
pressure is lost in the system the flow tube noves upwardly thereby

allowing the return spring to bla k?&; ?ﬁﬁe in a closed position
effectively sealing off fromthe surface fl ow of hydrocarbons in the
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fl apper thereby Koasing and rdtdisble tHrbughomttan dre ofl nBiprysdegmpes hetwbérapxpepem amdan open
posi tion. close g%tlg{n ql;heTclj)%trl) sysEtyn-I;luses hydraulic pressure to move a hollow tube, usually

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.



[00041 It now has becone apparent that a need exists for a durable
equal i zi ng val ve assenbly which can wthstand the extrene forces generated
by the and on the flapper when it slanms closed during use. The flapper is
commonl y exposed to extrene forces during closing. Those forces nmay danmage
the equalizing 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 enbodiment, a flapper conprising a durable and
efficient flapper valve as @ghf fhvENGEORAt i Ng a pressure
differential across the flapper. In at ast one enbodi nent of the present
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fl apper valve bore in the flapper. The fl apper valve bore ext ends t hrough
the flapper and the flapper further deéfines a groove extending distally
fromthe flapper valve bore. The nethod further conprises biasing a plunger
menber into the flapper valve bore by coupling the plunger nenber to a | eaf
spring. The leaf spring is disposed in the groove and extends distally from
t he plunger nmenber. The leaf spring is urged into the groove when forces
are exerted on the flapper and thereby retains the plunger nenber in the

fl apper val ve bore.




[ 0009] These and other features of this invention will be still further
apparent fromthe ensuing description, draw ngs, and appended clains. BRI EF
DESCRI PTI ON OF THE DRAW NGS 10010] Fig. 1 is a cross sectional view of a
subsurface safety valve, wherein the flapper is in a closed state

consi stent wth one enbodi nent of the present invention. [00111 Fig. 2 is a
cross sectional view of a subsurface safety valve, wherein the flapper is
in a open state consistent with one enbodi nent of the present invention.
[0012] Fig. 3 is a perspective view of a flapper consistent with one

Uow of - avpeinsengpasabrted ¥TBbA Boas itk  Hafher ol ot B e ment

of the pr&smat body fntheroform§ @Cerarve Firgximateitg the flagpepibers. vTiewmethod fyrthspper

consi st en%or}ﬁgr}sgs Bﬂgng ’Ibﬁ&l&g@? Q{em%ter hhﬁlepﬁﬁﬁy@al{l@ﬁ&gtﬂyo&upling the plunger
member to a leaf spring comprising a primary end portion and a secondary end portion. The
plunger member is sized and configured to be received in the flapper valve bore and further
comprises a first end portion and a second end portion. The primary end portion of the leaf
spring is coupled to the second end portion of the plunger member. The secondary end
portion of the leaf spring is sized and configured to be received and retained in the groove.
The method further comprises displacing the plunger member to allow fluid to flow from a
portion of the well bore having higher pressure to a portion of the well bore having lower
pressure. Displacing the plunger member causes the primary end portion of the leaf spring to
rotate about the latitudinal axis of the flapper, whereby the pressure differential across the
safety valve is equalized.
[0008] Still yet, another embodiment of the present invention provides a method for
retaining a flapper valve in a flapper in a safety valve designed for deployment in a well bore.
The method 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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[0015] Fig. 6 is a perspective view of a plunger nenber conprising a
plurality of fluid pathways consistent with one enbodi ment of the present
invention. [00161 Fig. 7 is a cross-sectional view of a plunger nenber
conprising a plunger nenber bore and a plurality of fluid pathways

consi stent wth one enbodi nent of the present invention. [0017] Fig. 8 is a
top plan view of a plunger member conprising a plunger nmember bore and a
plurality of fluid pathways consistent with one enbodi nent of the present

in¥ention [0018] In each of the above figures, |like nunerals are used to
refer 1o fgyks Gfig f4nC 9@@ Ve ViekEofRRfiphe BREteh Rith Q4E kbodim@i @ 3he FURTHER
DETAI LED E@E@m g TR oY Ve hR [‘%819] "I Tustrative enbodi ments of

t he i nvenpiesnt iaventidmscri bed bel ow as they mi ght be enployed in the
construct | a 5 i d&adnﬂ%tf Reive dHisiBL Whads
accordi ng 0t(ags]t @?'%rlggginotsg?e%ggﬁw%ﬁﬁIa?ilgélﬁléu? nt erestabg? cl gri tly, not all
1|‘eat ylrFsbatembodmteumfﬂhmbsemmeamron are described in this specification.
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achi eve t meemienel opers' specific goals, such as conpliance with
systemre d @nd, husi ness-rel. C Al | | r m one
I mpl ement &f? #%n l;f'l%déa'r?oat eerrgp.eé er‘gg‘%/g)?,a ;Iﬁ % ﬁe&ggp ?%ﬁ%@?glggmyﬁa%f ﬂ;l:ijdgh a
devel opmepdthvedys osrtsistentbith dree eodopiivent oftket frésemt-imventiemi ng, but woul d

nevert hel be.a.r.outine undertakij. .di i L the
art havi n@ﬁfﬂe%b% r?tralf A cﬂfn%al &?egvc oséjh(ri)r{ég.e d Pglégg%fol}lgﬁlﬂ#%g'btrglggéftr%én{bﬁg
figures, bdrgendla pheali®y of Ifluit pathways snkistentf witke aafestbpdineenty of 1@ Pt st ent
with at | east. one enbodi nent of the present invention. Wen deployed in a
vel | bor eWHHP shown), subsurface safety valve 10 i s conmonly i ncor por at ed

into the @OOTuEig. @nis a top plan view of a plunger member comprising a plunger member bore

and a plurality of fluid pathways consistent with one embodiment of the present invention

[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] Illustrative 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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tubi ng (not shown). Subsurface safety valve 10 includes a valve housing 12
conprising a first end portion 14 and a second end portion 16. First end
portion 14 of the housing 12 is threaded for attachnent to an adj acent
string of production tubing (not shown) and second end portion 16 of the
housing 12 is threaded for attachnent with an adjacent section of
production tubing (not shown). The val ve housing 12 further defines a bore
18 for fluid flow there through. The val ve housing 12 further includes an
enl arged central portion 20, wherein an annul ar val ve seat 22 is secured
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portion 32 of the actuation nenber 30 in a mating fashion. The fl apper body
34 further forns at | east one hinge conponent 42, illustrated as a hinge,

si zed and configured for hinged attachnment to the safety valve 10, wherein
t he hi nged conponent 42 extends radially fromthe flapper body. [0024] As
illustrated in Figs. 3 through 5, flapper body 34 further fornms a fl apper
val ve bore 44 therethrough, the |ocation of the flapper valve bore 44 being
wi thin the contact portion of the downstream face 40 of the flapper 24.

Fl apper body 34 further fornms a groove 46 proximte to the flapper bore 44
in the upstreamface 38 of the flapper 24. G oove 46 extends distally from



bore 44. Plunger 48 conprises a first end portion 50 and a second end
portion 52, wherein the first end portion 50 of the plunger 48 protrudes
above the downstream face 40 of the flapper 24. The first end portion 50 of
t he plunger 48 may be substantially flat so that the substantially flat

| ower end portion 32 of the actuation nenber 30 nmay be in a mating fashion
with the first end portion 50 of the plunger 48 when actuation nenber 30 is
shifted and placed in contact with the first end portion 50 of the plunger
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urge at least a portion of the |eaf spring o the roove 46, 100281

Pl unger 48r higsehoiashmente shr sxfety wahie %Wﬂ’eTeF"aB‘ﬁg} QI"\?@ BeL 43 £xf58%een an

open posrhalélgnﬁ@mg},eqlaﬁlgeggg@ position. In the open position, fluid may flow
t hrough the fluid passageway 64 fromthe upstream portjon of the well bore

to the dc[ﬂ??é‘l r e“&?ﬂ“ﬁﬁfaﬁddﬂ Figs. 8 ffaroygh f thapper. body; 3¢ furthes forms atlapper valYeunger 48
I s bi aseq,otdgd Miger&hBegd tl&oﬁba{tioﬁ rbfbt}ie Epe!r%fve Sﬂéfé @9 b@lﬁ Sifin teadontabie

pl unger 48 creates a Sealing rel ations er valve bore 44 so
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subsur f acateads élstyllw &bmethe Glappsr aplm barepdd topgidnige tpnélofl |of shseflappar bedyrid he
closed p 0 1 to the open position illustrated in
Fig %‘JF‘ES"-". prn c,gl{ﬁé Flﬂéﬁ%gl“@ ?spl acing the actuation nmenber 30 fromits
upper pos[Oﬂzsanlahmm ﬁthn @mpns@mm»v&edmtambmﬂ&, illpstrated in Figsu$ throregh H#5 of t he

wel | bore nt|
contacts tlll |rs %d gx\@%’}@n%ﬁg(%“e?&"%emgf‘ ‘g’grla‘?f%%%?hl%‘gglﬁit? ct§%rges t he
pl unger ﬁthen'smechmdoq@eﬁglp'exkt(t shifh wxﬂhheﬂhehbkppm npive baerfd; howeven plunggrrd8ng 66.
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is reduced or equalized. As the actuation nenber 30 further noves in the
upstreamdirection towards its | ower gosition, the actuation nmenber 30
contacts the contact portions of the flapper body 34, thereby bringing the
actuati on nenber 30 and contact portions into nmating contact and all ows the
flapper 24 to be urged into an open position as the actuation nmenber 30
travels to its |ower position.




[00301 In order to close the subsurface safety valve 10, the actuation
menber 30 is noved upwardly in the downstreamdirection towards the upper
position of the actuation nmenber 30. As the actuation nenber 30 noves
upward, the torsion spring (not shown) urges the flapper 24 towards its

cl osed state. Wien the production tubing (not shown) incorporating the
subsurface safety valve 10 contains fluid flowing at a high flowrate or
under significant pressure, the flapper 24 may sl am shut agai nst the val ve
seat 22 with trenendous force. This force actually aids in retaining the

compo gegltg 95 tﬁgng%; sﬁo%spglgswﬁ&a gp%agg 3 q@d a/sez&d eggﬂﬁnjrngrlx %g‘%vhﬁﬁ:ﬁ{tgi pring

fﬁr i ngI 66ﬁnsneml pzolrlmngﬁﬁcnf\tb pléngehé$ potrodesfabovsethe @W@dﬂefam 40 pithe faprgyai nst
e val ve,se n g 6 I nd
mnimzin 4S alt © ﬁ%t gpd %P dg wgfrghe %18?%? 4%r ré‘g lﬁ’tfrels(?‘gﬁgﬁﬁﬂﬁggg?é%%?y 28,
it extr enmbgtaumllly iflet lywén’rmﬂ pamnym 32nfibe ematmﬁ meimbenilanasihedn a gapting fashion

assenbly 2 d, beco t f 10.
[0031]  Oneh i gt REF SOt 5 of A plahde? 1o e SR AERS MO NIMB MBI T
of t lhe suﬁlmﬂfixﬁamlta@a-iveﬁ gheﬁadt e partianl 5§)obfmlg: nhhrgelf48apper body and pressure
equal i zin S be. made fron1h| I
conposi t e@og(ﬁ %—%‘i ﬁéﬂ%&?@sﬁ?lg%eﬁfng m frolt? fﬂ%}%@thﬁ{n‘éﬁ asrﬁf\ls ég&lé"%s( pressly
ot her \(/j\ll Zeplluiglir bare GelFigh.ITeand 8t iPhinger'tivte B4 cdnaprises 4 fitan'mhdéé au@ edechad endP8 s not
intended to limt, an houl t. Db strue | ription
or a clai Yharejn ?‘esﬁrﬁtg?ng Sgll%t‘j?ﬁ%?dq%éhﬁlﬁﬁs ‘W gnog%to e? prq% er's. nlgnfhdtﬁﬁgt hg
art Ih cl Ie ébmr@dmcaﬁﬂn with thé dpsieani yRetidnesfothe viell band. e Rthagert48, eovlstrged ior nor e
such el enent Ss t ext express| |nd ophier Thi s
i nvent i on°! gré‘i?g B‘efg T COMBTIEE £ 4T é‘“%ﬁﬁl gﬁ" E{\}ngr %‘ém{s?gg’?% and
scope of jthswae Qlilﬂﬁﬁtlﬁ‘iaﬁ 62%n flui€keAhMbnication with the plunger member bore 54. Fluid

pathway 62 extends from the plunger bore 54 to the sidewall 60 of the plunger 48. Plunger

"bore 54 and fluid pathway 62 provide a fluid passageway 64 through the flapper valve bore 54

when the plunger 48 is disposed in the flapper valve bore 44 but is sufficiently displaced from

the flapper valve bore 44 so that the fluid passageway 64 is in fluid communication with both

an upstream side of the 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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1. A flapper for use as a conponent of a safety valve designed for
depl oynent in a well bore having well bore fluids, the flapper conprising
a flapper body formng a flapper valve bore therethrough, the flapper body
further formng a groove proxinmate to the flapper bore; a plunger
menber sized and configured to be received in the flapper val ve bore, the
pl unger menber conprising a first end portion and a second end portion; and
a leaf spring conprising a primary end portion and a secondary end portion,
t he p:‘jl rra(rjy end portion of the |eaf spring detachably attached to the
second en t nger I er bod
and the spe(%#gﬁ é#‘gr&eﬁésehg%g?gﬁ gﬁ thﬂ%g%}?g?ﬁ;glr #ﬁ? E'gl Ws?ﬁ%ﬁhgﬁ f%%ﬂf | gureé
t ot bet [1 equlssag@varﬁd flrtnm dhevembtream portonyphibe avel harette thy dosmstrramarortiet thienber
into e s od
when 1ot At G @bl Saf, pIHEE 8 B ALE R IEARE By e R e e
; af it %ll vasluvlethat @e phﬁlgér%sdreasvs poralingelationship withathe Spnpenyplverhose $heo rbove.

ap | [ o R t t he
et spr i 1ok tfoot frde il ful 15kakhab 18, Dl AE koI thcRioh HRNoR
pl unger rmrdmrso oBthe ,ﬁlmgap@eextwds:abmnlgp tantast apmion (wdh shaeym) of fee Baoppiary end
portion %dtﬁg | eaf spring further defines a | eaf spring aperture, wherein
t he secorff“é portion of the plunger nenber is inserted through the |eaf
spring aqo(mipr ﬁepbﬁhumahambmfabc/saf@wmlwlﬁsopmd by gfovig therflgpper24 finms af et y

\S/Z:‘ \é'? yf \C/)(r.ﬂlql 810§e81n%q51txgg gﬂg%ﬁ%@ brb gb | ﬁtoggc s E%aé']\éasktlon Qﬁ%s?rg{eg Fﬁm@% wheggl i the

accomplished by displacing the actuation member 30 from its upper position shown in Fig. 1

downward toward the upstream portion of the well bore until the lower end portion 32 of the
actuation member 30 contacts the first end portion 50 of the plunger 48. This contact urges
the plunger 48 into an open position, thereby compressing the leaf spring 66. Fluid from the
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 equalized. As the actuation member 30
further moves in the upstream direction towards its lower position, the actuation member 30
contacts the contact portions of the flapper body 34, thereby bringing 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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5. A flapper according to claim1l wherein the flapper body is curved. 6. A
fl apper according to claim1 wherein the flapper body further forns at

| east one hi nge conponent sized and configured for hinged attachnent to the
saf ety val ve. 7. A flapper according to claiml| wherein at |east a
portion of the groove extends distally fromthe flapper valve bore. 8. A
fl apper according to claiml1 wherein at | east a portion of the |leaf spring
extends distally fromthe flapper valve bore. 9. A flapper according to
claiml1l wherein the plunger nmenber further fornms a plunger nmenber bore
therethro I | | unger
menber fu&?‘Eler %’L%?errn@l%% glgé%)&gﬁ‘gdﬁdagc#@mﬁhﬁ%%&m‘%&ﬁ g%)vgn’?rggl ca'?l on with
t he pl ungi8p3iterrerof bulinary skilbinghertywill umlnts@nd @efrtbe m@oﬂﬁfm of theaubsiafpce

provi di ng f Vv re when
Phe. pl unguroor S IndiBfgidd # pBARP Bt ish calilink s e bR AR bk arol?
suffici enlnxglystd:ngqbIs@cleuaténabﬂ:rmﬂwﬁtftsa)ppm-elmrvglc{mat@l% that the fluid

t il th
P anper oAy ecpt el AR AP U ittt B RSP SR PR et 171 o1
equal i zi nigerein fsfret mtended to pmamrshomms»s censgwdee_tsyx_nvamwéledle?mnmnan a wel |
bore havi qgm%asmgf?: "eforrlehtt Whicn dCarliGE E?é%scﬁa{{ﬁ’ér,' thé Akcle "a" or "an" if and as

used herein is intended to cover one or more such elements, unless the text expressly indicates

otherwise.

[0033] This invention is susceptible to considerable variation within the spirit and scope of

the appended claims.



deploying the safety valve in the well bore, the safety valve conprising a
fl apper, wherein the flapper conprises a flapper body formng a fl apper

val ve bore therethrough, the flapper body further form ng a groove
proximate to the fl apper bore; bi asi ng a plunger nenber in the

fl apper valve bore by coupling the plunger nenber to a | eaf spring
conprising a primary end portion and a secondary end portion, the plunger
menber being sized and configured to be received in the flapper val ve bore
and further conprising a first end portion and a second end portion and the
primry e¢ﬂéﬁﬁgtion of the leaf spring being coupled to the second end
portion o e plunger nenber and the secondary end portion of the |eaf
spring being sized and confi gured to be received and retained in the

gr oove; pdA ﬂ eﬁp%tg,?h%garsfa*as SRS s fve iGkigHell RV dEpibYrent i 4 WaVbd OM a

portion o V|n hlg pressure to a portion of the well
bore havngmgwwﬁmOQﬁmgbmheﬂmmhemmmnwm%spIaC|ng t he plunger nenber causes

the primary egq]agger %b(\i}ﬂfg B%Q?ﬁ[gep%?'{'aﬁquo'rém?fe@%" ugfi Qﬁfﬂf}ig&lgod& AgmbAt i tudi nal

axis of the fla ressure ent 1 across the safety
valve is @qmagagmdveprmﬁmawtmribwmbm@r ding to claim 11 wherein the plunger

menber fom.%é,?uglgé‘l o 1{&?59&{ L&at@w@a%pqn£h Raffet VAL viEHREr  bore

further formn one pmrMa mruni cation with the
pl unger nphudzer mixobee cothprising aﬁrg@ld penioe pndoyoseeondredd pmmm apdt hway provi di ng at

| east one fl ui assa eve hro PRS ep.at |east a
portion of thgq%$ %% H@%y%ﬁﬁgbg% roﬁ%% &§¥Pﬁgﬁkygvgfve bore and
the flui Cbrmﬁsﬁagﬁmﬁjcnfotﬁﬂteh@lfSplln@(dﬂlacigbfylattadledt})‘t‘h¢ seaorfdrendhpottion pbthei on of t he
wel | bore haV|n hi gher pressur 0 e vi ng

| over pr dAYIEFEM léﬁrg%@“r@gﬁcif‘?ééit egﬁifﬂgérmﬁp g%%tbggeggédgéh &[d\lﬂ%ipp g?{hgrléaf’I 13. A
met hod acpfinglbengy sied ahdéonfigired torbichereived apt iewined irt the gbepandfto bipe’the ng the

flapper alier LG, PLESaYE,G (el @ has been equal i zed.

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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14. A nmethod for retaining a flapper valve in a flapper in a safety valve
desi gned for deployment in a well bore, the nmethod conprising

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 fromthe flapper valve bore, and bi asi ng a pl unger
menber into the flapper valve bore by coupling the plunger nenber to a |eaf
spring, the | eaf spring disposed in the groove and extending distally from
t he plunger nmenber, whereby the leaf spring is urged into the groove when
forces are exerted on the flapper thereby retaining the plunger nenber in
the fl apper valve bore. 15. A nethod according to claim 14 further

conpri si ng Alfleprr eqoutingde plainy | whereinat lagtapyrtipn pfibie pipoyerxtands distaldy o

from the flapper valve bore.

8. A flapper according to claim 1 wherein at least a portion of the leaf spring extends distally

from the flapper valve bore.

9. A flapper according to claim 1 wherein the plunger member further forms a plunger

member bore therethrough.

10. A flapper according to claim 9 wherein the plunger member further forms at least one
fluid pathway in fluid communication with the plunger member bore, the plunger member
bore and fluid pathway providing at least one fluid passageway through the flapper valve bore
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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having higher pressure to a portion of the well bore having lower pressure, wherein displacing
the plunger member causes the primary end portion of the leaf spring to rotate about the

latitudinal axis of the flapper,

whereby the pressure differential across the safety valve is equalized.

12. A method according to claim 11 wherein the plunger member forms a plunger member
bore therethrough, the plunger member bore further forming at least one fluid pathway in
fluid communication with the plunger member bore, the plunger member bore and fluid
pathway providing at least one fluid passageway through the flapper valve bore when at least
a portion of the plunger member is displaced from the flapper valve bore and the fluid
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 afier

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
biasinga 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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