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I nventors: Janes D. Vick and Leo G Collins 15 BACKGROUND 20 The present
invention relates generally to valves utilized in subterranean wells and,
in an enbodi ment described herein, nore particularly provides a safety

val ve having an extension spring closure nechanism It is desirable for a
valve utilized in a subterranean well to have a relatively thin wall
thickness. This permits a |larger dianmeter flow passage to be formed 25

t hrough the valve and/or permts the valve to be installed in a smaller
dianeter wellbore. -1 21 FEB 2007 Most conventional safety valves use a
torsion spring to bias a closure nenber toward a cl osed position relative to
the fl ow passage. An exanple of a torsion spring biased closure nenber in a
safety valve is found in U S. Patent No. 6,196,261, the entire disclosure
of which is incorporated herein by this reference. 5 However, when faced
with the task of reducing a safety valve's wall thickness, torsion spring
cl osure nechani sns present several problens. For exanple, a torsion spring
rapidl% rel axes, that is, nmuch |l ess biasing force is
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BACKGROUND

20 The present invention relates generally to valves utilized in subterranean
wells and, in an embodiment described herein, more particularly provides a

safety valve having an extension spring closure mechanism.

It is desirable for a valve utilized in a subterranean well to have a relatively
thin wall thickness. This permits a larger diameter flow passage to be formed

25 through the valve and/or permits the valve to be installed in a smaller diameter

wellbore.



produced by the torsion spring, as the closure nenber pivots toward tPgpg 2007
closed position. In addition, only limted space is available in the
reduced wal | thickness 10 for positioning the torsion spring relative to the
cl osure nenber, and a sufficiently strong torsion spring is difficult to
fit intothis limted space. One solution to this problemof |limted space
has been to use one or nore conpression springs to bias the closure nenber
to the closed position. An exanple of a conpression spring closure
mechanismin a safety valve is found in 15 U. S. Patent No. 6,227,299, the
entire disclosure of which is incorporated herein by this reference.
However, the usdosif covgntienal aafefpriahgs sk 4 Itolshen tsheingi wabisand afsuoé t he
springs relaxing as the closure nenber displaces toward the closed position.

I'n additigembeheowarl b eldded YPositith edatveastlRNfloppasgfgel M1 kearhplecstya val ve
requires the 20 length of the safety valve to increase, thereby increasing

the cost ofrihg sﬁﬁflgtb\fase&%hdéﬁre R AR G@fet) REIVE QERIBRASIAN SS PhleR® NgEChani sm
requires a nunber o additional parts be provided in the safety valve. -2

21 FEB 2007 1055808 Al 00 debiBRR iR eS5RRatbAderdih pQHld oot L&

desi rabl e T’0” provi de an 1 nprove osur e nechanismior valves, 1including
safety valves and other types of valves, utilized in subterranean wells. 5
SUMVARY; | n carHgiwagerpuwherhdagad mdtlplths tafk tdieraduesgnt safetyntvaleels wall
accordance with an enbodi nent thereof, a valve for use in a subterranean
wel | is pribvikaess, Wairgibn spring closure mechanisms present several problems. For
example, a torsion spring rapidly relaxes, that is, much less biasing force is
produced by the torsion spring, as the closure member pivots toward the closed
position. In addition, only limited space is available in the reduced wall thickness

10 for positioning the torsion spring relative to the closure member, and a

sufficiently strong torsion spring is difficult to fit into this limited space.

One solution to this problem of limited space has been to use one or more
compression springs to bias the closure member to the closed position. An
example of a compression spring closure mechanism in a safety valve is found in

15 U.S. Patent No. 6,227,299, the entire disclosure of which is incorporated herein

by this reference.

However, the use of compression springs still has the disadvantage of the
springs relaxing as the closure member displaces toward the closed position. In
addition, the provision of the compression springs in the safety valve requires the

20 length of the safety valve to increase, thereby increasing the cost of the safety
valve. Furthermore, the compression spring mechanism requires a number of

additional parts be provided in the safety valve.



includes an extension spring closure nechanism 10 In one aspect of Ehﬁthmn
invention, a valve for use in a subterranean well is provided whi

i ncludes a biasing device and a cl osure nmenber havi ng open and closed
positions. The biasing device has a | ength which decreases as the closure
menber displaces toward the closed position. In another aspect of the

i nvention, a safety valve is provided. The safety 15 valve includes a

cl osure nenber having open and cl osed positions and at | east one extension
spring biasing the closure nenber toward the closed position. In a further
aspect of the invention, a safety valve is provided which includes a

cl osure nenber Fram ribe dpeagoany] itlcapebk pesi thaink, wauldi bs iquiteddedicbld oo

bi asi ng the cl osure nenber toward the cl osed position and a beam 20

inter conngﬁb@ﬁiebﬁt Waghovddeclbiarei meclieidm fopnalves)enehding safeBnasdves die beam
is flexed to an increasingly curved configuration, thereby increasingly

bi asi ng ¢ gher 24 oFFEvE0AEIiz6d REUIRIaRGS wimyar d the cl osed position, as

t he cl osure nenber displaces toward the open position. In yet another aspect
of the invention, a safety valve is provided which includes a closure

menber havi ng open and cl osed positions and a biasing device 5 for biasing
the cl osure nenber toward the cl osed position. The biasing device is flexed

to an ié’lcreasi ngly curved confi guregw?reby i ncreasingly biasing the
cl osure nenber toward the cl osed positio as the closure nenber displaces

toward the open position.

In carrying out the principles of the present invention, in accordance with
an embodiment thereof, a valve for use in a subterranean well is provided which

includes an extension spring closure mechanism.

10 In one aspect of the invention, a valve for use in a subterranean well is
provided which includes a biasing device and a closure member having open and
closed positions. The biasing device has a length which decreases as the closure

member displaces toward the closed position.

In another aspect of the invention, a safety valve is provided. The safety
15 valve includes a closure member having open and closed positions and at least
one extension spring biasing the closure member toward the closed position.

In a further aspect of the invention, a safety valve is provided which
includes a closure member having open and closed positions, a biasing device for
biasing the closure member toward the closed position and a beam

20 interconnected between the biasing device and the closure member. The beam is

flexed to an increasingly curved configuration, thereby increasingly biasing the



These and other features, advantages, benefits and objects of the preppgganpr
lo invention will beconme apparent to one of ordinary skill in the art upon
careful consideration of the detail ed description of representative

enbodi nents of the invention hereinbel ow and the acconpanyi ng dr aw ngs.

BRI EF DESCRI PTION OF THE DRAWNGS 15 FIG 1 is a partial cross-sectional
view of a first safety valve enbodying principles of the present invention,
the safety valve being illustrated in a closed configuration; FIG 2 is a
partial cross-sectional view of the first safety valve in an 20

intermedi ate configuration; FIG 3 is a partial cross-sectional view of the
first saf etlpsural meniberatowape rthe cddodedg positionnas the 2losEEB maober Hisplacgsi s an
isonetric view of a biasing device of a second safety val ve enbodyi ng

princi pl estowfartihBe bpaepbsition. FIG 5 is a partial cross-sectional view of the
second safety valve in an internediate configuration; 5 FIG 6 is a partial

cross-sectional iﬁ@wvaﬁéthteh%sﬁ&wfdth@ameéxyﬁml & Qafety VAlRe is Mrevidedivdhieh
configuration with an extension spring thereof renoved; FIG 7 is an

LZ ?g?;r i/gl {‘;igﬁi’&e%fa ABQIrBGhebashAIng BYES SnitidsBa FR¥itidhs YRS Bidsink ARviRECONd
5 for biasing the closure member toward the closed position. The biasing device is
flexed to an increasingly curved configuration, thereby increasingly biasing the
closure member toward the closed position, as the closure member displaces
toward the open position.
These and other features, advantages, benefits and objects of the present
10 invention will become apparent to one of ordinary skill in the art upon careful

consideration of the detailed description of representative embodiments of the

invention hereinbelow and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
15
L FIG. 1 is a partial cross-sectional view of a first safety valve embodying
principles of the present invention, the safety valve being illustrated in a closed
configuration;
FIG. 2 is a partial cross-sectional view of the first safety valve in an
20 intermediate configuration;
FIG. 3 is a partial cross-sectional view of the first safety valve in an open

configuration;



FIG 8 is a partial cross-sectional view of the first safety val ve h?i’irﬂgzom
io additional optional biasing devices installed therein; FIG 9 is

partial cross-sectional view of the first safety val ve havi ng an exten5| on
spring thereof located in an alternate position; FIG io is a partial
cross-sectional view of the first safety valve showwng a first alternate
arrangenent of extension springs thereof; i5 FIG ii is a partial
cross-sectional view of the first safety valve showing a second alternate
arrangenment of the extension springs; FIG 12 is a partial cross-sectional
view of the first safety valve showwng a third alternate arrangenent of the
ext ensi on spri nEKG. 4uisl aBl GomeBi¢ vieav phmat biabingrdesicesefca isoomid safety vélve he
first safety valve showing an 20 alternate configuration of the extension

sSprings. -&naadﬁﬁgpzﬁﬁyp]em%bﬁmnﬂﬁﬁml PTI ON Representatively illustrated
in FIG 1 is a safety valve 10 which enbodies principles of the present

invention. In thgsfolis Qupaigiall @BeusLdettiffal VieW st il flc¥nd Bafd) walvkoinaag ot her
apparatus and nethods descri bed herein, directional terns, such as "above"

"bel owW', " ypBghediate DR uratfS- . are used only for convenience in referri ng
to the accorrpanyl ngcg) ngs. Add| tionally, it is to be understood that the

various, enbodi Mt Sg 9f telngfn@f %?&Btsebﬁ%ﬁaﬁ%é’vﬂ etﬁ‘é&'e?&?d E'Elfeg!d(?al%% Bfe

utlllze% in various ori . such as |nc ine hori zont al ,

\p/)rer ;Lfg: ésmg ngqﬁiéatee}:%%ﬁgura\’/t%rnl with a%%?({elgygnaéﬁrgjnr}gsﬂlereotf rem%ve(i3 parting from the

FIG. 7 is an isometric view of another biasing device which may be used in
the second safety valve.
FIG. 8 is a partial cross-sectional view of the first safety valve having
10  additional optional biasing devices installed therein;
FIG. g is a partial cross-sectional view of the first safety valve having an
extension spring thereof located in an alternate position;
FIG. 10 is a partial cross-sectional view of the first safety valve showing a
first alternate arrangement of extension springs thereof;
15 FIG. 11 is a partial cross-sectional view of the first safety valve showing a
second alternate arrangement of the extension springs;
FIG. 12 is a partial cross-sectional view of the first safety valve showing a
third alternate arrangement of the extension springs; and
FIG. 13 is a partial cross-sectional view of the first safety valve showing an

20 alternate configuration of the extension springs.



present invention. Only a portion of the safety valve 10 is depictedziFEEE&%
1, since the reminder of the safety valve may be simlar to prior sarety
val ves, such as the safety valve described in the incorporated U S. Patent
No. 6,227,299. It should 15 al so be understood that the principles of the
present invention nmay be incorporated into any types of valve, such as bal
val ves, sliding sleeve valves, etc., and may be incorporated into any type
of safety valve. The safety valve in illustrated in FIG 1 includes a

cl osure nmechanism 12 for selectively permtting and preventing flow through
a fluid passage 14 forned 20 longitudinally through the valve. The closure
mechani sm 12 i ncl udes a cl osDETAELES DESCRHPPHPN1G6 whi ch seal i ngly engages
a seat 18 to prevent flow through the passage 14. -6 21 FEB 2007 As
depicted in FIG 1, the flapper 16 is in its closed position. In FIG 2, the
flapper 16 is illustrated in an internedi ate position, in which sonewhat

restricted fl %Jlr%séiﬁamély qludthited aR FIGE 1 Raa Ay V4lvel1d whieh énbédies f | apper
16 is illustrated in its open position, in which substantially unrestricted

flowis peﬁm‘l&gﬁﬁ fiRUSResert HV@nABAS AGEtHe foldwih g HeBeki e F tRE ssf@tyenzison

spring 20 1s uSed to bias the flapper 16 toward Tts closed position.

ing 20 as the flapper 16 to t
et oagea T 1 5oL heP AEBRRIGT aRfihOod: MEGREEneint W Ao ROaRICTC31 T

the biasi H&CLOJSQ%b8%<§,E t‘l?éioxpvy, ‘%T)p%l)'(’t, eﬂ)%\lre?’q e%g_’r 5rrégus% Corn 36} oersconvenience in

referring to the accompanying drawings. Additionally, it is to be understood that
the various embodiments of the present invention described herein may be
utilized in various orientations, such as inclined, inverted, horizontal, vertical,
10  etc., and in various configurations, without departing from the principles of the

present invention.

Only a portion of the safety valve 10 is depicted in FIG. 1, since the
remainder of the safety valve may be similar to prior safety valves, such as the
safety valve described in the incorporated U.S. Patent No. 6,227,299. It should

15 also be understood that the principles of the present invention may be
{ incorporated into any types of valve, such as ball valves, sliding sleeve valves, etc.,

and may be incorporated into any type of safety valve.

The safety valve 10 illustrated in FIG. 1 includes a closure mechanism 12

for selectively permitting and preventing flow through a fluid passage 14 formed

20 longitudinally through the valve. The closure mechanism 12 includes a closure
member or flapper 16 which sealingly engages a seat 18 to prevent flow through

the passage 14.



to as its length decreases. The spring 20 is secured at its upper end, tos3f3¢
seat 18, and is secured at its lower end to a beam 22. The beam 22 iIs

pi votably connected at its upper end to the flapper 16. Al though only one
spring 20 is visible in FIG 1 connected to one lateral 15 side of the beam
22, there are actually two of the springs connected to an opening 26 in a
central portion 24 of the beam between two | ateral sides thereof. The

| ateral | y adj acent springs 20 exert an upwardly biasing force on the central
portion 24 of the beam 22, and the force is transmtted by the beamto the
flapper 16 to thereby rotate the flapper toward the seat 18 about a hinge
pin or pivot 28As @épitted ibiFEL ngthedlapper xeistindtshylogedepasitiomgliPBIG.r; thases as
the spring |l engthens, and decreases as the spring's |length decreases. -7 21
FEB 2007 fhgipertibds illhustratdbincaw agdrmedihtegpositiorg in ofhi¢thsormavkratyregaicted 10
depicted in FIG i. a nmoment arm Mis formed between the beam 22 and the

pi vot 28 ffgw ivpamyitied thithghitheipassagege It FM‘éhﬁefﬂﬁpp&m@@ ill@sttdied i apper
i6 to bias it to the «closed position. It will be appreciated by those

skilled i nltiﬂﬁe@ sitidal ik K‘f!f}ﬁcm%&t&lnﬁa}?ﬁ th 5@8&@8% 1525@2?3@ 4 8RBEEN

plvotstot e I nternmediate position depicte he no nt arm
further %%§% ?T% the fl apper pivots to the open position depicted in

FIG 37 Thu ment arm Mincreases as the flapper i6 pivots toward
the cl osed position. However, the biasing force applied by the spring 20 to
the fl apper i6 Aildasing device or extension spring 20 is used to bias the flapper 16

toward its closed position. As used herein, the term “extension spring” indicates

a spring which exerts an increased biasing force as its length is increased or

extended. Conversely, the biasing force exerted by an extension spring decreases

10 asits length decreases.

The spring 20 is secured at its upper end to the seat 18, and is secured at
its lower end to a beam 22. The beam 22 is pivotably connected at its upper end

to the flapper 16.

Although only one spring 20 is visible in FIG. 1 connected to one lateral

15 side of the beam 22, there are actually two of the springs connected to an opening
26 in a central portion 24 of the beam between two lateral sides thereof. The
laterally adjacent springs 20 exert an upwardly biasing force on the central
portion 24 of the beam 22, and the force is transmitted by the beam to the flapper

16 to thereby rotate the flapper toward the seat 18 about a hinge pin or pivot 28.

20 The biasing force exerted by the spring 20 increases as the spring lengthens, and

decreases as the spring’s length decreases.



to the beam 22 decreases as the flapper pivots toward the closed posi} o007
because the spring decreases in length. The torque or nonent (biasing force
X - morment arn) applied to the flapper 16 about the pivot 28 nay remain
substantially constant, or it may actually increase, as the flapper pivots
toward the closed position. For exanple, the increase in the nonent arm M
|l ength may offset the 15 decrease in the biasing force exerted by the
spring 20. In FIG 3, an opening prong or flow tube 30 is depicted in a
downwardly di sposed position for opening the safety valve tOto permt flow
through the passage 14. A lower end of the flow tube 30 contacts an annul ar
shoul der 32 exfetedihag abthd clobel pesagaticd . of thiessafetptvatte betdepizted e f 1 ow
tube 30 and the 20 shoul der 32 substantially isolates the closure nmechani sm

12 from deprg.si. iahmbheent Raes Mes Itndsddbétveeh ehedeamh 05 @idhele siesrge féve to
the flowin the passage. -8 21 FEB 2007 In FIG 1, the flow tube 30 is

depi ct ed 'é})ﬁlﬁﬁé‘tﬁéﬁﬁﬁlﬂg bR FP&ed tll%@ss‘pfﬂn%rbo I@@Ftﬁ@: Tltabﬁ& ideo bl-anpes 46 to be
pi voted upward by the biasing force exerted by the “spring 20. The flow tube

30 may be g bs%r@]ﬁ a[?\(%ﬂﬂflpeh%ﬂrbéif rQﬂﬁfetd'WOQé’ skﬁl@& in }gl‘?at tﬁ%l%bﬁl% gon of

pressure, force trlcal devi ces, cour se, another
e iy rinht pL3tEESee AR o8 BEbhot i fiedh te%eﬁo#‘g PP z«%té(zl a flow

prolectlo 4 for on the flap 12_]8contacts th 2 the spring
D0he t he Fitigpands Jpemigt ahd @ﬁ@ﬁr SRS T s ¢S Moppeh “Elch
contact, fur her i vot of th er 16 toward the ope

postltlon dgplctedI 1ngF 1G. 3. ’ﬁlus, 6ﬁ)epmoment arm qucreasespas the flapper 16

( . "
pivots toward the closed position.

However, the biasing force applied by the spring 20 to the flapper 16 via

10 the beam 22 decreases as the flapper pivots toward the closed position, because
the spring decreases in length. The torque or moment (biasing force X moment

arm) applied to the flapper 16 about the pivot 28 may remain substantially
constant, or it may actually increase, as the flapper pivots toward the closed
position. For example, the increase in the moment arm M length may offset the

15 decrease in the biasing force exerted by the spring 20.

In FIG. 3, an opening prong or flow tube 30 is depicted in a downwardly
disposed position for opening the safety valve 10 to permit flow through the
passage 14. A lower end of the flow tube 30 contacts an annular shoulder 32
extending about the passage 14. This contact between the flow tube 30 and the

20 shoulder 32 substantially isolates the closure mechanism 12 from debris in the

passage 14 and from erosion or other damage due to the flow in the passage.



1o position bends or flexes the beam 22 and the spring 20. That is, %

22 is bent to an increasingly curved configuration as the flapper 16 pivots
toward.the open position, and a longitudinal axis 36 of the spring 20 is
increasingly flexed as the flapper pivots toward the open position. This
flexing of the beam 22 and spring 20 applies additional biasing force 15 to
the flapper 16 at the projection 34. This additional biasing force is useful
to initiate pivoting of the flapper 16 toward its closed position fromits
open position. The additional biasing force is present as long as the
projection 34 contacts and deflects the beam 22 and/or spring 20. It is
cont enpl at ed t hiat FI@verthe fllavhtulspao ng depictedr i ito upaiatdly tdispdsed giosidichgr ce 20
produced by flexing the beam 22 could be sufficient to at least initially

pi vot the pdrnsipieg thedldppannd to be pivaeé dppasd by die biasitgifotceaperted dyithe on.

Once initially pivoted toward its cl osed position, fluid flow through the

passage ldspvnd doactTht Flow GuBd B¢ dippli@id bbBsvdehapPgositionsompletel y to
its closed position and, once c a pressure differential across the

flapper "‘D&!a‘i’nﬁﬁ' Apglicatioh &t 8?&%}@ IHé&ié%'iEal Fofced B McRical 'RWVRRS LRl DEUI ds

fromthe wel By positioning the projection 34 closer to the pivot 28, as

depi cted | &nﬁéeg’df stuﬁotﬁer 8 dPLaiveqs Lok, Wakh P&Q%ﬂ% \f%'lﬂlfsﬁﬁ Apéﬁéelxﬁg*\%l\%eam 22

and/ or spring a greater pr’o ortion of pi voti ng
di spl acerreng Itn t he aI ttﬁ)rnat‘i gt Etlon IIustrated in FIG 2, the
oroj ect i on® 39WdBRE MAYIGHRE Ysed At 3 1o ot Y50 closer to the connection
bet ween the beam and the flapper 16 than to

Note that a raised projection 34 formed on the flapper 16 contacts the

( beam 22 and the spring 20 as the flapper pivots to the open position shown in
FIG. 3. After such contact, further pivoting of the flapper 16 toward the open

10  position bends or flexes the beam 22 and the spring 20. That is, the beam 22 is
bent to an increasingly curved configuration as the flapper 16 pivots toward the

open position, and a longitudinal axis 36 of the spring 20 is increasingly flexed as

the flapper pivots toward the open position.

This flexing of the beam 22 and spring 20 applies additional biasing force

15  to the flapper 16 at the projection 34. This additional biasing force is useful to

( initiate pivoting of the flapper 16 toward its closed position from its open
position. The additional biasing force is present as long as the projection 34

contacts and deflects the beam 22 and/or spring 20.

It is contemplated that, even if the spring 20 were to fail, the biasing force
20  produced by flexing the beam 22 could be sufficient to at least initially pivot the
flapper 16 toward its closed position from its open position. Once initially

pivoted toward its closed position, fluid flow through the passage 14 would act to



t he connection between the beam and the spring. 10 Referring additiogp%%P@m”
nowto FIG 4, an alternate beam40 is representatively illustrated. e
beam 40 may be used in place of the beam 22 in the safety valve 10. One
significant difference between the beam 40 and the beam 22 is that the beam
40 i ncl udes appendages 42 which are bent or flexed as the flapper 16

di splaces to its open position, thereby providing additional biasing 15
force for pivoting the flapper to its closed position. As with the beam 22
descri bed above, the beam 40 includes two lateral sides 44 joined to a
central portion 46. Wen used in the safety valve lo, one or nore of the
spring(s) 0ot Wedflappetr t&coatléetelyt fodtcensedapogibon and, ditcevilasednaquessung 47
(simlar to the opening 26 descri bed above), and the beam sides 44 are 20

pi vot abl y differaichcresst tire flappareivohfd wsdintih dt eicseliytoepteant ngeifeg] 48.
Thus, the biasing force exerted by the spring(s) 20 is transmtted fromthe
central pofldsQRof AfidsFrdhiehPagl. 48 via the beam sides 44, and thence to the
flapper 16. -10 21 FEB 2007 To attach the beam 40 to the fl apper 16, the
sides 44 are squeezed together to decrease the relative distance between the
pegs 48. A pai rBypositiopizddedreiection Saclosende the pypt ehecagdepicted ndIGi mit t he
i nward di spl acenent of the sides 44. This prevents overstressing of sides
44 at tshe zdhepabjepoen Wok castacbamh dafledidéhé beqpea2 aigl/pi sprting Lo thhaughpen
position (as depicted in FIG 3), the appendages 42 are pressed against a
si dewal | 5freafert propssatfiai yof vihlevRapper ttheiveting tiephicagent. flneienglttihmte
appendages. This bendi ng of the appendages 42 causes an

configuration illustrated in FIG. 2, the projection 34 contacts the beam 22 and
{
spring 20 closer to the connection between the beam and the flapper 16 than to

the connection between the beam and the spring,

10 Referring additionally now to FIG. 4, an alternate beam 40 is
representatively illustrated. The beam 40 may be used in place of the beam 22 in
the safety valve 10. One significant difference between the beam 40 and the
beam 22 is that the beam 40 includes appendages 42 which are bent or flexed as
the flapper 16 displaces to its open position, thereby providing additional biasing

15 force for pivoting the flapper to its closed position.

As with the beam 22 described above, the beam 40 includes two lateral
sides 44 joined to a central portion 46. When used in the safety valve 10, one or
more of the spring(s) 20 is/are attached to the central portion 46 via an opening
47 (similar to the opening 26 described above), and the beam sides 44 are

20  pivotably connected to the flapper 16 using laterally extending pegs 48. Thus, the
biasing force exerted by the spring(s) 20 is transmitted from the central portion

46 to the pegs 48 via the beam sides 44, and thence to the flapper 16.

_10..



additional biasing force to be applied to the flapper 16. The additiggﬁngm”
bi asing force biases the flapper 16 toward the cl osed position. io e
that the sides 44 and the appendages 42 diverge away from each other at
bends or el bows 45. When the flapper 16 is opened, the sides 44 are flexed
toward the appendages 42. Eventually, the bends or el bows 45 of the
respective sides 44 and appendages 42 wll contact each other. This contact
limts further flexing of the sides 44 and appendages 42 at the central
portion 46, 15 thereby preventing overstressing of the sides and
appendages. The beam 40 is depicted in FIG 5 installed in the safety val ve
1o in place ofTadttachethnb2am 4o ta thesflappew16 hhersedestqqomehigpedretdwegathehe
appendages 42 and the sidewall 50 may be seen. A clearer viewis shown in

FIG 6, witbhidcheassthenglatfe diermve betkeMhdpsgsvi8W A tpaiBpf BRpaYy aed at ed
how t he appendages 42 are 20 flexed by contact with the sidewall 50 as the

f1apper 16oRi¥@tSwhWeod the Pe@Pedto et HedMward BishladebRm R The Jides %apendages

42 of the beam 40 extend in a |longitudinal direction relative to the

si dewal | 5 e chli REAFEIiTRidsd fiSh3 LA pealigh k0. The appendages 42

extend in the sanme longitu al direction relative to the central portion
46 as do the sides 44. Thus, the beam 40 nay be described as being 5
"fol ded over" avhentheBapper 16ppivetisda tisopahpesitibm(atedepicted in HESi ghtlsf t he
beam 40 provides a biasing force to close the flapper 16 over a substanti al
portion ofappeadpgasoia ace gresptdagaimst a sidewadl 50 of the safety valve 10, thereby
bending or flexing the appendages. This bending of the appendages 42 causes an
additional biasing force to be applied to the flapper 16. The additional biasing

force biases the flapper 16 toward the closed position.

10 Note that the sides 44 and the appendages 42 diverge away from each
other at bends or elbows 45. When the flapper 16 is opened, the sides 44 are
flexed toward the appendages 42. Eventually, the bends or elbows 45 of the
respective sides 44 and appendages 42 will contact each other. This contact
limits further flexing of the sides 44 and appendages 42 at the central portion 46,

15 thereby preventing overstressing of the sides and appendages.

The beam 40 is depicted in FIG. 5 installed in the safety valve 10 in place
of the beam 22. In this view the relationship between the appendages 42 and the
sidewall 50 may be seen. A clearer view is shown in FIG. 6, with the spring 20
removed. From this view it may be appreciated how the appendages 42 are

20 flexed by contact with the sidewall 50 as the flapper 16 pivots toward its open

position.

-11 -



contenpl ated that the beam 40 could be used to close the fl apper 16,2 007
W t hout use of the separate spring(s) 20. 10 Representatively i 11 ust Pt e h
FIG 7 is another alternate beam 6o which includes appendages 62 extending
| aterally froma central portion 64 having an opening 66 for connecting one
or nore of the springs 20 thereto. As with the appendages 42 of the beam
40, the appendages 62 wll be flexed by contact with the sidewall 50 as the
fl apper 16 pivots toward its open position. This flexing of 15 the
appendages 62 will apply an initial biasing force to the flapper 16 to pivot
the flapper toward its closed position. Referring additionally now to FIG
8, the safety VReveppendages epr of eid dehiehy ettbhddhratiessinidinaladidedticanal

bi asi ng devices 68, 70 installed therein. The biasing device 68 is depicted

as a Conpraptive oSkl idewRIUBLEHhER tBél HeRRelsShsd B thehéafd fdieoper fie The
bi asing device 70 is depicted as a |eaf spring or cantilever nounted to an

s open 8’{5’ g Sd‘?%@“s?s??‘n‘gm%%a%}ﬁ [orgiiSHite <08 rLlafPPRe AP GRAR] °o”
Fur t her plyol,0g, Ofe el GRBCT 16Tl 1€ HIREPSS hAP beSRikAffgs tetyeen the

fl apper arl evval I's conpression sprirng apply a
bi asi ng far o _the a blalngtheflapper toward 5 its closed
posi ti gn. g?:lﬁﬁﬁgwry atgl} ?ﬂﬁ‘graﬂﬁ’a&%‘? 6 pivots to its open position, the
spring 70 will eventually contact the flapper. Further pivoting of the
flapper 16 wil ITHi$ éfolddd @it design of the beam 40 provides a biasing force to close

the flapper 16 over a substantial portion of its pivoting displacement. It is

contemplated that the beam 40 could be used to close the flapper 16, even

without use of the separate spring(s) 20.

10 Representatively illustrated in FIG. 7 is another alternate beam 60 which
includes appendages 62 extending laterally from a central portion 64 having an
opening 66 for connecting one or more of the springs 20 thereto. As with the
appendages 42 of the beam 40, the appendages 62 will be flexed by contact with
the sidewall 50 as the flapper 16 pivots toward its open position. This flexing of

15 the appendages 62 will apply an initial biasing force to the flapper 16 to pivot the

flapper toward its closed position.

Referring additionally now to FIG. 8, the safety valve 10 is representatively
llustrated with additional biasing devices 68, 70 installed therein. The biasing
device 68 is depicted as a compression spring mounted to an underside of the

20 flapper 16. The biasing device 70 is depicted as a leaf spring or cantilever

mounted to an interior of the sidewall 50.
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the spring 70. This flexing of the spring 70 will apply a biasing foﬁlﬁﬁéﬁn
the flapper 16, biasing the flapper toward its closed position. 10 us, |¥
will be readily appreciated by those skilled in the art that the springs
68, 70 and the appendages 42, 62 of the beans 40, 60 provide additional

bi asing forces for initiating pivoting displacenent of the flapper 16 from
its open position to its closed position. Representatively illustrated in
FIG 9 is another alternate configuration of 15 the safety valve 10. In
this configuration, the spring 20 is positioned above the seat 18 in the
val ve 10. This positioning of the spring 20 may permt further reduction of
the overal |l | edgtthedlapper 16 giieity te atisvapehGuosition, ttherapripg 68i wilbeventmadly

di aneter of the valve to be reduced, because the spring is not interposed

bet ween tcbatdct ahpsideldalihnd. t Ferthed pivaltingdsf the fliyspeepenwildebigirest then of the
valve. 20 A beam 72 is connected to a | ower end of the spring 20 and extends

downwar di ¥ptingred meevésh ehe Fabpet aRArtheOfideidall Eb@mmflec&ﬁpidséibnp@ﬂ tHeon 74,
the beam 92 extends upwardly to a pivoting connection with the fl apper 16.

Note ~-13 Sﬁ}mg@ %ﬂ@?xppfy{?biasﬁ’ﬁ; fohee td ﬁﬁoﬁipq& 181 B%Eﬁlgttﬁ\é@‘[efi)dei" SoWwaen

position, the "beam 72w be increasingly flexed or bent by'its |ateral

conpr essi Hﬁﬁ@ e flapper and the sidewall 50, thereby applying an
addi ti gnaﬁ&bcil?(ggsel g F%)dr?]ée to the flapper, the additional biasing force

bi asing the flapper toward its closed position. 5 Referring additionally now
to FIGS. 10-12Similadynat thepfiapperoré piystsofo itbiopsn posidien) thes spring e willf et y
valve io are representatively illustrated. In FIG ro,
, eventually contact the flapper. Further pivoting of the flapper 16 will flex or bend
¢
the spring 70. This flexing of the spring 70 will apply a biasing force to the

flapper 16, biasing the flapper toward its closed position.

10 Thus, it will be readily appreciated by those skilled in the art that the
springs 68, 70 and the appendages 42, 62 of the beams 40, 60 provide additional
biasing forces for initiating pivoting displacement of the flapper 16 from its open

position to its closed position.

Representatively illustrated in FIG. 9 is another alternate configuration of

15 the safety valve 10. In this configuration, the spring 20 is positioned above the
seat 18 in the valve 10. This positioning of the spring 20 may permit further
reduction of the overall length of the safety valve 10, or it may permit an outer
diameter of the valve to be reduced, because the spring is not interposed between

the flapper 16 and the sidewall 50 in the open configuration of the valve.

20 A beam 72 is connected to a lower end of the spring 20 and extends
downwardly therefrom to a central portion 74. From the central portion 74, the

beam 72 extends upwardly to a pivoting connection with the flapper 16. Note
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mul ti pl e extension springs 76 are circunferentially spaced apart in ﬁB\TEB 007
annular, or partially annular, space 78 forned in the safety valve 10. Igor
exanple, the space 78 could be formed in the safety valve to alternate
configuration depicted in FIG 10 9, in which case the spring 20 shown in
FIG 9 would be one of the springs 76 illustrated in FIG 10 Each of the
springs 76 woul d be connected to the beam 72 and woul d exert an upwardly
directed biasing force on the beam In this manner, an increased total

bi asing force (due to the increased nunber of springs 76) may be applied to
15 the beam 72, and the springs may provide redundancy for each other in the
event thahabnes the flappenflot pigotsptaward Bhowed pesition,Athst heamany avitlabe may be
that smaller springs 76 can be used (since there are nore of the springs),
t her eby pacmatinghofléxted adfeit pyitd mteralocangpriessien detveenl the flapper add dneet er . I n
FIG ii, the springs 76 are arranged with one of the springs inside 20

anot her ofsiddeals o, therebihapplgingang exktitiopdlobiagiag foree itdatheaggshdr| alse ng
force due to the increased nunber of springs 76, as well as redundancy. -14

21 FEB 200ydditindiHaasidgforde Bﬁ%iﬂg&hg(ﬂabﬁema&ﬂﬁ@@Ibsé@prﬁ@fbnit encircles the
passage 14 in an annular space 84. This arrangenent increases the overall

size of the spring 8o, therehby permtting a corresponding increase in the
bi asi ng force preferrerg addijion H?é‘bé@sﬂé$-i AQ-18n alfe@n@t@s@oswonmgswfer
diameter of the safety valve io. 5 Indeed, the outer dianeter of the safety
val ve 10 nkigsibg devidos suthsysafety vglveh® arar repmegentatively illas@atetl2. InRedundancy may
be provided in this configuration by

multiple extension springs 76 are circumferentially spaced apart in an annular, or

{
partially annular, space 78 formed in the safety valve 10. For example, the space
78 could be formed in the safety valve 10 alternate configuration depicted in FIG.

10 9, in which case the spring 20 shown in FIG. 9 would be one of the springs 76

llustrated in FIG. 10.

Each of the springs 76 would be connected to the beam 72 and would exert
an upwardly directed biasing force on the beam. In this manner, an increased
total biasing force (due to the increased number of springs 76) may be applied to

15 the beam 72, and the springs may provide redundancy for each other in the event
that one or more of the springs should fail. Another advantage may be that
smaller springs 76 can be used (since there are more of the springs), thereby

permitting the safety valve 10 to have a smaller outer diameter.

In FIG. 11, the springs 76 are arranged with one of the springs inside
20 another of the springs. This arrangement provides the increased biasing force

due to the increased number of springs 76, as well as redundancy.
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posi tioning another one or nore additional springs within the spring,gg:g %7
illustrated for the springs 76 in FIG 11. Referring additionally now to
FIG 13, another alternate configuration of to the safety valve 10 is
representatively illustrated. In this alternate configuration, another beam
82 is positioned longitudinally within the spring 20. This beam 82 is used
to apply an additional biasing force to the flapper 16 as it displaces to
its open position. As noted above, the spring 20 is bent or flexed by the
fl apper 16 when the 15 flapper pivots to its open position. \Wen the
alternate configuration of FIG 13 is wused, the beam 82 inside the spring
20 is al so fl exXiadFHS 12ha sppinign@o iis pbditzeel] by thdtdat ehtiagdpethel passdge 84 i1 exi ng
of the beam 82 applies an additional biasing force to the flapper 16 (the

bi asi ng f ofif @nhiilak @patd§4asThibarfdngpprnt thaphee ahe ovwaillsibd of dpespring
position), biasing the flapper toward its closed position. 20 The beam 82

may be st rf&i),gmere%péﬂmi@ﬁﬁ% RecestpoRAingUNYRAsMIE Rhe MeasihARARE prd@uded, i N i ts
cl osed position. en the flapper 16 is pivoted to its open position, -15

21 FEB 20%th%12ﬁg@&%ﬁz$tfnﬁlﬁtipgﬁ%§é h Ght eRed & afmé%éxelﬂf]% Eé/feﬁﬁ‘?lél?z@ fpcurved),

i !
t he beam may ent y strairght), or turther bent initially

bent or, cufyedd. 4 0GRV Efner RRTBOMRKL LR Jin S AHda WRH D RO

car ef U|5 consl 1 on ove ription of represent

enbodi nents_of the inv ion, readil 5 appreci.gte.that na di fications,
2di 1 ons, SRR, FFIC o) Beddhlanty O BRarSules s diafikufiien b6 hooe
speci fic enbodi nents, tﬁlnd such chang%s,are . .y .

positioning another one or more “additional springs within the spring 80, as

(
illustrated for the springs 76 in FIG. 11.

Referring additionally now to FIG. 13, another alternate configuration of

10 the safety valve 10 is representatively illustrated. In this alternate configuration,
another beam 82 is positioned longitudinally within the spring 20. This beam 82

is used to apply an additional biasing force to the flapper 16 as it displaces to its

open position.

As noted above, the spring 20 is bent or flexed by the flapper 16 when the

15 flapper pivots to its open position. When the alternate configuration of FIG. 13 is
used, the beam 82 inside the spring 20 is also flexed as the spring is flexed by the
flapper 16. This flexing of the beam 82 applies an additional biasing force to the
flapper 16 (the biasing force increasing as the flapper displaces toward the open

position), biasing the flapper toward its closed position.

20 The beam 82 may be straight, or it may be bent or curved when the flapper

16 is in its closed position. When the flapper 16 is pivoted to its open position,
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contenpl ated by the principles of the present invention. Accordingly,, £h€007
foregoing detailed descriptionis to be clearly understood as being given by
way of. illustration and exanple only, the spirit and scope of the present
invention being 10 limted solely by the appended clains and their

equi valents. -i6 21 FEB 2007 WHAT IS CLAIMED IS: 1. A valve for use in a
subterranean well, the valve conprising: a closure nenber having open and
cl osed positions; a biasing device having a | ength which decreases as the

cl osure nenber displaces toward the closed position; and a beam extendi ng

l ongitudinally within the biasing device, the beam being increasingly

fl exed, thbedeym 8z negshastraighteasd (i pridouslp bentoneantved), thevheantrhay bel osed
position, as the closure nenber displaces toward the open position. 2. The
val ve accdset (i iniGially siraight), whéiher bdie (Himisially bdevorcarivedpent along its

| ength, thereby increasingly biasing the closure nenber toward the cl osed

position, as 't cl osure nenb r 'splaces toward the o ion. 3. The
val ve accordingfjj| PP HPOrse in; the 3t ‘Hgﬁb%FaggﬂkgﬁF§h¥W% M i asi ng
device to bend the hiasing deV|ce as the cl]osure nenber di spl aces _t owar d
the open pdngiabave aiescrﬁ&l%méepé@ie@mmeOQ!wﬁﬁ of thenaveption,Headilbsur e
menber is a flapper, wherein the biasing device is at | east one extension
spring,5 arbprbeate that manyanodificatons pdditmpnsssybstitutionse deleionsemd other | apper
and a sidewall of the valve when

changes may be made to these specific embodiments, and such changes are
contemplated by the principles of the present invention. Accordingly, the
foregoing detailed description is to be clearly understood as being given by way of
illustration and example only, the spirit and scope of the present invention being

10 limited solely by the appended claims and their equivalents.
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the flapper is in the open position. 5. A valve for use in a subterranean
wel |, the valve conprising: a closure nenber having open and cl osed
positions; a biasing device having a |l ength which decreases as HEEBRA0OBUr e
menber displaces toward the closed position; and 17 21 FEB 2007 a beam

i nt erconnect ed between the closure nenber and the biasing device, and
wher ei n WHADERGLASMEENES:t 0 an i ncreasingly curved configuration, thereby
i ncreasingly biasing the closure nmenber toward the closed position, as the
cl osure nmenber displaces toward the open position. 6. The val ve according

to claim5, Was/efdriRedh asstitReffBAGSS welihadlaivé 66mphsmg: and forces the
beamto the increasingly curved configuration, as the cl osure nenber

di spl aces toward the open position. 7. The valve according to claim®6,
wherein the closur er n ositign on the beamcloser to a
connecti%ﬁﬁﬁﬂfﬁgm‘?}%@mgﬁgﬁﬁ?o%eg&?%g}on nber than to a connection
bet ween the beam and the biasing device, as the closure nenber displaces

toward the open position. 8 A valve for use in a subterranean well, the
val ve cohpidsgichdevice havisgua éengthtyehich secrrpsesas tedcleswscmeptiartdisniacesa

bi asi ng tggl\éi%;?@x%%gP@Piﬁ,@ﬁgéﬁ%m ch decreases as the closure nenber

di spl ace position; and a beam i nterconnected between the
cl osure nenber and the biasing device, and

a beam extending longitudinally within the biasing device, the beam being
increasingly flexed, thereby increasingly biasing the closure member toward the

closed position, as the closure member displaces toward the open position.

2. The valve according to claim 1, wherein the biasing device is bent along its
length, thereby increasingly biasing the closure member toward the closed position,

as the closure member displaces toward the open position.

3. The valve according to claim 2, wherein the closure member contacts the
biasing device to bend the biasing device, as the closure member displaces toward
the open position.

4 The valve according to claim 1, wherein the closure member is a flapper,
wherein the biasing device is at least one extension spring, and wherein the
extension spring is positioned between the flapper and a sidewall of the valve when
the flapper is in the open position.

5. A valve for use in a subterranean well, the valve comprising:

a closure member having open and closed positions;

a biasing device having a length which decreases as the closure member displaces

toward the closed position; and
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wherein the beam has at | east one appendage which is increasingly flexed,
thereby increasingly biasing the closure nenber toward the cl osed position,
as the closure nenber displaces toward the open position. 9. Axserpiogr val ve
for use in a subterranean well, the safety valve conprising: a closure
menber havi ng open and cl osed positions; at |east one extension spring

bi asi ng 4 treact irsterconmecteel betwesrd theheloslins etember andnthe biading8déMicd;Ehd®007

a bi asing deyvi ce pqsitioned between the claosure nmenber and a ,sidewall of the
Safety JBFAN viheh R9RN CIRoRATE. NonBr NSRS He CUPER (RTTIGHEHION hiTesPL | ng
devi ce bihlé,‘l%agmcgé% P%S‘H Y 8|03RAD R, W%\?fo%ér&%é'cq&%ﬁ ﬁgiﬁtiéh,oé‘s tHd cloblife

e )
safety valve a ng to claim?9, ein there are t1 pl e extension

spri ngs meadienglisphacas towared theeopen posiiand t he cl osed position. 11. The
safety valve according to claim 10, wherein the extension springs are
arranged |l aterally adjacent each other in the safety valve. 12. The safety

val ve acgor dimge hane acforbthg WIS 5t Rthepeinethd eRsaRs IM@RbaF @ontacts the
circunferentially spaced apart in the safety valve. 13. The safety val ve

accor di nipearo aridaforcd® thenbeani to thee ncoasingly exreats configyratiogsas ithelelpsndent | y

bi ases the closure nenber toward the ¢l osed position, such that the
ext ensi o'ﬁ'egﬁ%%rﬂé%ﬁ?ﬁwoﬁ’ér?2'&%88‘3%895&'8? each other. 14. The safety val ve

according to claim 10, wherein each of the extension springs is wound in an

opposite direction relative to another of the extension springs.
7. The valve according to claim 6, wherein the closure member contacts a

position on the beam closer to a connection between the beam and the closure
member than to a connection between the beam and the biasing device, as the
closure member displaces toward the open position.

8. A valve for use in a subterranean well, the valve comprising:

a closure member having open and closed positions;

a biasing device having a length which decreases as the closure member displaces

toward the closed position; and

a beam interconnected between the closure member and the biasing device, and
wherein the beam has at least one appendage which is increasingly fiexed, thereby
increasingly biasing the closure member toward the closed position, as the closure
member displaces toward the open position.

9. A safety valve for use in a subterranean well, the safety valve comprising:

a closure member having open and closed positions;

at least one extension spring biasing the closure member toward the closed position;

and

18



15. The safety valve according to claim9, wherein a nonent applied to the
cl osure nenber about a pivot by the extension spring increases as the

cl osure nmenber displaces toward the closed position. 16. The szf@B2oonl ve
according to claim9, wherein a nonent applied to the closure nenber about
a pivot by the extension spring remains substantially constant as the

cl osur e arbigsing didgd positionedhetivedrethd desurepusimbies andiarsidenvall sriftles gafedy ve

according,to claim9, wherein.a |longitudinal axjis of the .extension spring
e her contieh e e b0 Feindir o8 U chittess pai Lo cbe D Bsing: e e s

posi ti onthe kfostite MEInBEPIGWaES thd BRsedfpRisitional ve according to claim9, wherein
the cl osure nenber contacts the extension spring, thereby causing the

extension spring to flex longitudinally, as the closure nenber displaces

conpr i si 1 a (e eeohNeNecatcul RRE e LRt TR I e Rewidt on
spring. gffing$hrasing eie/ choaliemapssirdoward thectiaset Bosiviber ei n the bi asing
device is carried on the closure nenber. 21. The safety val ve according to

claim9, wherein the biasing device is carried on the safety valve

rembor iU a Teagpe Solve’ RokGudli % Hdf 18, SR oing"ORRRERrAEIRCAN * e

saf ety vatramyerDERThl Adjacent each other in the safety valve.

12. The safety valve according to claim 10, wherein the extension springs are

circumferentially spaced apart in the safety valve.

13.  The safety valve according to claim 10, wherein each of the extension springs
independently biases the closure member toward the closed position, such that the

extension springs provide redundancy for each other.

14.  The safety valve according to claim 10, wherein each of the extension springs

is wound in an opposite direction relative to another of the extension springs.

15. The safety valve according to claim 9, wherein a moment applied to the
closure member about a pivot by the extension spring increases as the closure

member displaces toward the closed position.

16. The safety valve according to claim 9, wherein a moment applied to the
closure member about a pivot by the extension spring remains substantially constant

as the closure member displaces toward the closed position.
17. The safety valve according to claim 9, wherein a longitudinal axis of the

extension spring is increasingly flexed as the closure member displaces toward the

open position.

19



a closure nenber having open and cl osed positions; at |east one extension
spring biasing the closure nenber toward the cl osed position; and a beam
connect ed between the closure nenber and the extension spring, 2amdsz2udrer ei n
the beamis increasingly bent, thereby increasingly biasing the closure
menber to the closed position, as the closure nenber displaces toward the
open pdsiti dhe safetyAvaiad elcgorndihy ¢o fctaimu8.ewherein shib chosuse esembert tontabis

safety val ve conprising:, a.closure nber havi ng .open .and cl osed positions;
2t | s e ST SPUTD SHETRY BRI ne RN, FErRG (D A BER A, eosed
posi ti Ofpe c%%grezﬁe%bé:r'%ﬁsﬂgggds to&\,hg}@qﬁé%?gﬁ%gﬁgnbet ween the closure nmenber

and the extension spring, an erein the beam has at | east one appendage,
t he appendage being increasingly bent, thereby increasingly biasing the

| mber to t | osed position,. he ~cl nber di spl
ovar d (e ofds FIE YOS SFsording 1o & (e oliising & SXAST T BRERH wel |
the saf glorwdéh W 61880 MieRtber ahdtheextenhsiBHTSSind1avi ng open and cl osed

positions; at |east one extension spring biasing the closure nmenber toward
the cl osed position; and a beam connected between the cl osure nenber and

the extepsion spring. gad. vherel n Lhe 6! QRuTe TRIBELIEPALASS & LiIfeheAm

causi ng e
the closure member.

21. The safety valve according to claim 9, wherein the biasing device is carried on

the safety valve sidewall.

22. The safety valve according to claim 9, wherein the closure member is a

flapper.
23. A safety valve for use in a subterranean well, the safety valve comprising:
a closure member having open and closed positions;

at least one extension spring biasing the closure member toward the closed position;

and

a beam connected between the closure member and the extension spring, and
wherein the beam is increasingly bent, thereby increasingly biasing the closure
member to the closed position, as the closure member displaces toward the open

position.
24. A safety valve for use in a subterranean well, the safety valve comprising:
a closure member having open and closed positions;

at least one extension spring biasing the closure member toward the closed position;
and
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i ncreasingly biasing the closure nenber to the closed position, as the

cl osure nenber displaces toward the open position. 26. The safety val ve
according to claim?25, wherein the closure nenber contacts thellFEa| oser
to a connection between the beam and the closure nenber than to a
connecti on between the beam and the extension spring. 27. A safety valve for
use in a subterranean well, the safety valve conprising: a closure nenber

cl osur e ShERBET CoREREd ol ot BibmBER AR S XiksEion pugo”and® e
| ongi t ughHepéihythel béam Rdie aBldatTnenappendage, the dppandhge rtﬂain%ﬁﬁdr@@&h@@' y

fl exed, thereby increasi n?bflgéi@gi' asing the closure nenber to the closed
posi t i oRenhgheiebydneeasng ingdtheptlases membed te e sinsedeasitianp@s the. A

Zif gtlyFégjsyg%f;%mb‘éredi&&a@e%e%%;drtﬂg%%n"if'tjslitiont. he safety val ve conpri sing:

a closure ving ‘'open and cl osed positions; a first
bi asi ng device for biasing the closure nenber toward the cl osed position;
and a first beaminterconnected between the first biasing device and the
cl osur e 28enbeh safatyvalverfer use iha isabiriraneanavelt she safely valyeiGognRrising:ved
configuration, thereby increasingly biasing the closure nmenber toward the
cl osed position, as the closure nenber displaces toward the open position.

29. The aselbsiirg vamnber Aaviaydipen drad closédnpadsitiondser ein the first beam has at
| east one appendage, the appendage being increasingly flexed, thereby
I ncreasingly

at least one extension spring biasing the closure member toward the closed position;

and

a beam connected between the closure member and the extension spring, and
wherein the closure member contacts the beam, causing the beam to bend and
increasingly biasing the closure member to the closed position, as the closure

member displaces toward the open position.

26. The safety valve according to claim 25, wherein the closure member contacts
the beam closer to a connection between the beam and the closure member than to
a connection between the beam and the extension spring.

27. A safety valve for use in a subterranean well, the safety valve comprising:

a closure member having open and closed positions;

at least one extension spring biasing the closure member toward the closed position;
and

a beam positioned longitudinally within the extension spring, the beam being
increasingly flexed, thereby increasingly biasing the closure member to the closed

position, as the closure member displaces toward the open position.

28. A safety valve for use in a subterranean well, the safety valve comprising:
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bi asi ng the cl osure nenber toward the cl osed position, as the closure nmenber
di spl aces toward the open position. 30. The safety val ve according to claim
28, wherein the first biasing device |engthens, thereby increasireghyor

bi asing the cl osure nenber toward the closed position, as the closure
menber displaces toward the open position. 31. The safety valve according to
claim 28, wherein a nonent applied to the closure nenber about a pivot by

the first biasing Eev'ce i ncreases as the closure nmenber displaces toward
the cl oSciOHHEITFBRE! Bvingipeiad gloged PESiERSr di ng to ol ai m 28, wherein a
nonent applied to the closure nenber about a pivot by the first biasing
device remains substantially constant as the closure nenber displaces
towar d @festhiesing deyide: fos bjaskyy thEndoswkeengmber ewardctbedilosed positien; ranzis,
wherein a longitudinal axis of the first biasing device is increasingly
fl exed as the closure nenber displaces toward the open position. 34. The

saf ety wair¢ebasRohdréhrictdd BeMeth thelTREEHIBSINGISIQSHAE the BRRUrE Adinisdrs  the
first biasing device, thereby causing the first biasing device to flex

| ongi t uthendiinst/ beamg brgcifiexede toreameinctiasingly eeunveda canfigiratipen theesbyi on.

corpri siess ey drasbadng Brel BrlBenToRRH PR BsPUBRIEL: a5 Heitere: ne
second hesfib&edisplaces teeaid@elogdrey®sition.t her eby increasingly biasing the

cl osure nenber to the closed position, as the closure nenber displaces
toward the open position.

29. The safety valve according to claim 28, wherein the first beam has at least
one appendage, the appendage being increasingly flexed, thereby increasingly
biasing the closure member toward the closed position, as the closure member

displaces toward the open position.

30. The safety valve according to claim 28, wherein the first biasing device
lengthens, thereby increasingly biasing the closure member toward the closed
position, as the closure member displaces toward the open position.

31. The safety valve according to claim 28, wherein a moment applied to the
closure member about a pivot by the first biasing device increases as the closure

member displaces toward the closed position.

32. The safety valve according to claim 28, wherein a moment applied to the
closure member about a pivot by the first biasing device remains substantially

constant as the closure member displaces toward the closed position.

33. The safety valve according to claim 28, wherein a longitudinal axis of the first
biasing device is increasingly flexed as the closure member displaces toward the

open position.

34. The safety valve according to claim 28, wherein the closure member contacts
the first biasing device, thereby causing the first biasing device to flex longitudinally,

as the closure member displaces toward the open position.
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36. The safety valve according to claim 28, further conprising a second

bi asi ng device positioned between the cl osure nenber and a sidewall of the
safety valve when the closure nmenber is in the open position, 2i¥gBgewrond

bi asi ng device biasing the closure nenber toward the cl osed position. 37.
The safety val ve according to claim 36, wherein the second biasing device is
carried on the closure nenber. 38. The safety valve according to claim 36,

wh ' h | asj devi ' | th f et I id 1.
30, The “5af cTEVRRIED SaMGTBSSRIING 1o SR 288, THHBPE CAMIARENY Potossras PRETovi co
IS an  ekRIBREA Wit D first BiasIiG dBACE! theVedbRdasah Beltt iRrédsidly ABxedher ei n

the closure nmenber is a flapper. 41. A safety valve for use in a
subt er r dnerehyvibcreasingly igsing thel elossunpnemibay:to thecclosedepeasitiber anathieng

open and, cl osed | t.i.0Ns; fir bi asi ng.device for biasing the closure
menber t%%é‘lr%l‘qer{gg%l cﬁ)’%’&%ﬁi‘?‘?@&?\ﬁ‘%% n R‘%’t 1" bi asi ng device being flexed to
an increasingly curved configuration, thereby increasingly biasing the

cl osure nenber toward the closed positjon, as the closure nenber displaces
toward t3e opHie gafstly ivalve agrordivgze gl 260 further coropiising asserprdebinsivg

then t naedicschySfched Befneit ife RBSURE rRIfoBr B Ricevil of e SR YalBe 07 .
bi asi ng vt hlecsios rerfaghbler iowathé dpen pbsisen, thesiddoda. biasing device biasing

the closure member toward the closed position.

37. The safety valve according to claim 36, wherein the second biasing device is

carried on the closure member.

38. The safety valve according to claim 36, wherein the second biasing device is

carried on the safety valve sidewall.

39. The safety valve according to claim 28, wherein the first biasing device is an

extension spring.

40. The safety valve according to claim 28, wherein the closure member is a

flapper.

41. A safety valve for use in a subterranean well, the safety valve comprising:

a closure member having open and closed positions;

a first biasing device for biasing the closure member toward the closed position, the
first biasing device being flexed to an increasingly curved configuration, thereby

increasingly biasing the closure member toward the closed position, as the closure

member displaces toward the open position; and
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42. The safety val ve according to claim4l, wherein the closure nenber
contacts the first biasing device to flex the first biasing device as the
cl osure nenber displaces toward the open position. 43. The saf:eryBuairve
according to claim4l, wherein the first biasing device |engthens, thereby
i ncreasingly biasing the closure nenber toward the closed position, as the
cl osur e ansedoad hbiasipgadmsce poaitidnet debpeen plos ictasare rdeimb&hand &f sidgwadll ofe

accor di to claim41l, erein a nonment. applied to the | osur e nmber about
2 b vot e S3ie aIve iisnbR ot memprt sl das Seh Brsiton, i e s no

di spl acgaviceWidging fe eloeERINMRARErt8RardHhe dbsedpbsitionval ve according to
claim4l, wherein a nonent applied to the closure nenber about a pivot by

the first biasing device remains substantially constant as the closure
menber di,spl agces_toward the close osition, 46. .The safety valve accardin
Lo clai Aear, ThRGALH e deedniaic.aRRy aehnei (e BitPreiientBer o drelr e
nenber . e firdthBiast{Pidevicr! Y6 fROC Ahdli st basihdidevide athefieidloddie FRefdt

biasing device is <carried on the safety valve sidewall. 48. The safety
val ve adisplatiesdowardthg eperipositienein the first biasing device is an
extension spring. 49. A safety valve for use in a subterranean well, the

safety valve conprising: a closure nenber having open and cl osed positions;

2|4 21dFEB. 20Qhe Qaﬂﬁity’ﬂ&‘viam decoring ab blakfi 41 Whersihothy dirgtebieingt demicd t he
cl osed position, the _
I?engthens, thereby increasingly biasing the closure member toward the closed

position, as the closure member displaces toward the open position.

44, The safety valve according to claim 41, wherein a moment applied to the
closure member about a pivot by the first biasing device increases as the closure
member displaces toward the closed position.

45. The safety valve according to claim 41, wherein a moment applied to the
closure member about a pivot by the first biasing device remains substantially

constant as the closure member displaces toward the closed position.

46. The safety valve according to claim 41, wherein the second biasing device is

carried on the closure member.

47.  The safety valve according to claim 41, wherein the second biasing device is

carried on the safety valve sidewall.

48.  The safety valve according to claim 41, wherein the first biasing device is an

extension spring.
49. A safety valve for use in a subterranean well, the safety valve comprising:

a closure member having open and closed positions;

24



bi asi ng device being flexed to an increasingly curved configuration, thereby

I ncreasingly biasing the closure nenber toward the closed position, as the

cl osure nmenber displaces toward the open position; and a beamz2iFEB 2007

i nt erconnect ed between the biasing device and the cl osure nenber, the beam

being flexed to an increasingly curved configuration, thereby increasingly

3i as: ng bmsdrlg)§erfﬁenmrrt1ﬂasmgvmedclbbare: htmth blerplgtsziraridothle emsetiep%mtmurmen}enber
i spl aces toward .t he open position The safety val ve_accordin claim

49, whetising ndevieanbeing flexpdalq %’he'”%ﬁﬁ?@?ﬂi&g%" £He COpFWAAGE. HBPF%’V

| ncreasij ¥s$b?xﬁgsm§hﬁéea¥s BGneAter rrg\)(lam fird @sea%s%d?ﬁ?se hEEAB&ret OVar d

t he clos posrtion, as the osure me |sp aces  towar e open

posi t i omerBher disphaces yowatd/thef aperusesifion;arnsiubt err anean wel |, the safety

val ve conprising: a closure nmenber having open and cl osed positions; a

bi asi ng device for biasing the closure nenber toward the cl osed position,

the bigsphBgmdpYeeEnRELBE HtReRA R BRsINACHEASE HHY tie!CYAiré FREMBYF hieon,

thereby 1 ncreasingly biasing the closuré nenber toward the cl osed 'position,

as t he deasurteingrdleed i spl nossagioglyr curved @tpﬁtguwmrtumerelandnqebsagiy

t d.wit t he bi ' the b bei ' fl d,
{ner eby Bane 40 g, &R faaritg, bsgomeriar vas B CaBMTBo I B e
the cl QfidHiScaieid %@@b@ﬁ%sﬁ,gward t he open position. 52. A safety valve

for use in a subterranean well, the safety valve conprising: a closure
menber havi ng open and closed positions, the closure nenber being a
fl apper;.and

50, " The safety valve according to claim 49, wherein the beam has at least one
appendage, the appendage being increasingly flexed, thereby increasingly biasing
the closure member toward the closed position, as the closure member displaces

toward the open position.

51. A safety valve for use in a subterranean well, the safety valve comprising:

a closure member having open and closed positions;

a biasing device for biasing the closure member toward the closed position, the
biasing device being flexed to an increasingly curved configuration, thereby
increasingly biasing the closure member toward the closed position, as the closure
member displaces toward the open position; and

a beam positioned within the biasing device, the beam being increasingly flexed,
thereby increasingly biasing the closure member to the closed position, as the
closure member displaces toward the open position.

52. A safety valve for use in a subterranean well, the safety valve comprising:

a closure member having open and closed positions, the closure member being a

flapper; and
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25 21 FEB 2007 a biasing device for biasing the closure nenber toward the
cl osed position, the biasing device being flexed to an increasingly curved
configuration, thereby increasingly biasing the closure nenber2ttFesaoal t he
cl osed position, as the closure nenber displaces toward the open position.
53. A safety valve for use in a subterranean well, the safety val ve

conpri sianbiasirg dewicar fornsabieg thevclogumpereraber tdvwarddtheo slasednpesition,i thet

bi asi ng devi ce far bbasinq thﬁ glosure nenbeﬁ tomarg the.clgied qgsi%;on,
the fiRqSg a3eYige aBENGe 2P S | 2% orASIRIY nEYIVES; GON)OWRTIgRy thereby
confi guﬁﬁérbﬁéﬁngiyhﬁé@ilﬁ? thenglb&@e! mahbdpitawaRy tHeheloskasidsitiore Hethet W8I t he
cl osed position, as the closure nenber displaces toward the open position;

and a sdeeg/nbebiliaplacgs dewarsetheosnan pe&omi t hin the first biasing device. 54.
The safety val ve according to claim53, wherein the second biasing device is
flexed to an increasingly curved configuration, thereby increasingly biasing

the cl g3ur e Aresveg) vdloadsciddin £ baiSieerapesn WelNthedSafefievall® sofmprighigber
di spl aces toward 'the open position. 55. A safety valve for use in a

subterranean well, the safety valve conprising: a closure nenber having

morber | Coiara e e Ben t8Ang 2 i bERIRGFRENRS devi ce i nol'uding & beam
having at | east one side and at | east one appendage extending in a sane

| ongitudinal direction froma,  central portion, the beam being conpressed
| at er al 13/fifghBiasingedeyiee ferbigsingeinedrlapiradaempsnipwarichive closed position, the

first biasing device being flexed to an increasingly curved configuration, thereby

increasingly biasing the closure member toward the closed position, as the closure

member displaces toward the open position; and
a second biasing device positioned within the first biasing device.

54. The safety valve according to claim 53, wherein the second biasing device is
flexed to an increasingly curved configuration, thereby increasingly biasing the
closure member toward the closed position, as the closure member displaces toward

the open position.
55. A safety valve for use in a subterranean well, the safety valve comprising:
a closure member having open and closed positions; and

a biasing device for biasing the closure member toward the closed position, the
biasing device including a beam having at least one side and at least one
appendage extending in a same longitudinal direction from a central portion, the
beam being compressed laterally when the closure member displaces toward the
open position.

56. The safety valve according to claim 55, wherein the side and the appendage
are flexed toward each other when the closure member displaces toward the open

position.
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open position. 56. The safety val ve according to claim55, wherein the side
and the appendage are flexed toward each ot her when the cl osure nenber

di spl aces toward the open position. 26 21 FEB 2007 57. The safieteg 0@ ve
according to claimb55, wherein the side has opposite ends, one of the
opposite ends being attached to the closure nenber, and the other opposite
end being attached to the central portion. 58. The safety valve according to

claim57,_ wherein e side is pivaqtabl. tached .to the closure. nmenber. 59.
The sar élly varpesaleoraive gociring Tt BheREPET oS sidfchdh GBPRSIS EpBRdage
are Conpjessfihd ippRRNe L bRfiY AHEBRGE o AR AoSLEWRMbe!, ahd s idigero! the
safety valve when the closure nenber displaces to its closed position. 60.
The saf expposisé ead deing ditachadtocthaicants) pottienei n there are two of the sides

| ateral | y adj acent each other, each of the sides having a laterally
outwardly extending peg for attachnment to the closure nenber, and wherein

each sidgg f urrn@@amf valvel &icerdihy Yo M3l wiere e ngd & isopivbRibiesttadhideon
for limting laterally inward displacenent of the sides toward each other.

61. The tedtechpsued Memhaior ding to clai m 55, wherein each of the side and the
appendage has a bend forned thereon, so that the side and appendage diverge
fromeach other in the longitudinal direction. 62. The safety val ve

accor di rgp. t 0 Thaishtdly vawWees&doidingeoldaias 55 nwhbeirs ik siedand the appendage
are compressed between the closure member and a sidewall of a housing of the

safety valve when the closure member displaces to its closed position.

60. The safety valve according to claim 55, wherein there are two of the sides
laterally adjacent each other, each of the sides having a laterally outwardly extending
peg for attachment to the closure member, and wherein each side further has a
laterally inwardly extending stop formed thereon for limiting laterally inward

displacement of the sides toward each other.

61. The safety valve according to claim 55, wherein each of the side and the
appendage has a bend formed thereon, so that the side and appendage diverge

from each other in the longitudinal direction.

62. The safety valve according to claim 61, wherein the bends in the side and
appendage contact each other during displacement of the closure member to the
open position, thereby limiting displacement of the side and appendage toward each

other at the central portion.
63. The safety valve according to claim 55, further comprising a spring attached
to the biasing device, the spring lengthening as the closure member displaces

toward its open position.

64.  The safety valve according to claim 63, wherein the spring is attached to the

central portion.
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appendage contact each other during displacenent of the closure nenber to
the open position, thereby Iimting displacenent of the side and appendage
toward each other at the central portion. 63. The safety val veilaesaowdi ng to
claimb55, further conprising a spring attached to the biasing device, the
spring lengthening as the closure nenber displaces toward its open

posi ti 085. 64 Thehmafslyl wilve aatorling tocthimge3, ovoerainthes sprihg a@plies lacbiapingng i s
attacheq to. t cent ral EB 2007 65. The safety val ve

accor dlg c%o&eaplmsgggnm& thro[qggztéﬁrzq ?‘ﬁjn% ﬁYFEs a biasing force to the

cl osure nenber t hrough t he bi asi ng devi ce.
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