5 10 SAFETY VALVE HAVI NG EXTENSI ON SPRI NG CLOSURE MECHANI SM | nvent or s:
Janes D. Vick and Leo G Collins 15 BACKGROUND 20 The present invention
r'el ates generally to valves utilized in subterranean wells and, in an
enbodi nent descri bed herein, nore particularly provides a safety valve
havi ng 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 fornmed 25 through the
val ve and/or permts the valve to be installed in a smaller dianeter
wel | bore. -1 Most conventional safety valves use a torsion spring to bias a
closure nenber toward a closed 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

)

10  SAFETY VALVE HAVING EXTENSION SPRING CLOSURE
MECHANISM

Inventors: James D. Vick and Leo G. Collins

15

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.



t hi ckness, torsion spring closure nmechani snms present several problens. For
exanple, a torsion spring rapidly relaxes, that is, nuch |l ess biasing force
i's produced by the torsion spring, as the closure nenber pivots toward the
closed position. In addition, only limted space is available in the
reduced wal |l thickness 1o 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
menber to the closed position. An exanple of a conpression spring closure
mechani smin aMeftetanvertignal safelyyMalves use astasionaspiing Ne. bias 207loge® t he
entire disclosure of which is incorporated herein by this reference.
However, trhembertayfardonplosed ipositioprietrdivestithe floas passageli fadeamplgofal t he
springs relaxing as the closure nenber displaces toward the cl osed

posi ti on. torsiomnsiiing biased hlespreomesibenimé shfety cainpisdoandin $18$. Pygsnt Kot he
safety valve requires the 20 Il ength of the safety valve to increase,

t her eby i mcrogast)thd aretireatitclodure bewhidheis ¥ncorpbiated Feteiby tHis eefefdiRe.
conpression spring nechanismrequires a nunber of additional parts be

rovided in the, safet al ve. From.the foregoing, it can be_seen that it
\F/)voul d Be quite vtegz%liw epofaceg rﬁ the tas ote %e ucqng a safety valve's wall

thickness, torsion 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.



provide an inproved cl osure nechani smfor valves, including safety val ves
and other types of valves, utilized in subterranean wells. 5 SUMVARY In
carrying out the principles of the present invention, in accordance with

an enbodi ment thereof, a valve for use in a subterranean well is provided
whi ch includes an extension spring closure nechanism 10 In one aspect of
the invention, a valve for use in a subterranean well is provided which

i ncl udes a biasing device and a cl osure nenber having open and cl osed
positions. The biasing device has a | ength which decreases as the closure
menber di splaces toward the closed position. In another aspect of the
i nvention, a safemythefuegeiwgpitboanide. sepnethassibmpould the,gnije desirablgeto a
cl osure nenber having open and closed positions and at |east one extension
spri ng bi asbyidetaneinaprayed elosuim anechanisnd forhealedsy smaduging; saifeiy. valvesaniur t her
aspect of the invention, a safety valve is provided which includes a
cl osur e nethartyhessfinglwmscutibized inlsabrpeantwedlss, a bi asi ng device for
bi asi ng the cl osure nenber toward the cl osed position and a beam 20
I nt erconnect ed between the biasing device and the cl osure nenber. The beam
is flexed to an increasingly curved configuration, thereby increasingly
bi asing the 3

5 SUMMARY

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




cl osure nenber toward the closed position, as the closure nenber displaces
toward the open position. In yet another aspect of the invention, a safety
val ve i s provided which includes a closure nenber having open and cl osed
positions and a biasing device 5 for biasing the closure nmenber toward the
cl osed position. The biasing device is flexed to an increasingly curved
configuration, thereby increasingly biasing the «closure nenber toward the
cl osed position, as the closure nenber displaces toward the open position.
These and ot her features, advantages, benefits and objects of the present
io invention will becone apparent to one of ordinary skill in the art upon
careful L dpempen tewand, thel elosed ausitisu raspthieodlosirer memwzndiaplaves
enbodi ments of the invention hereinbel ow and the acconpanyi ng draw ngs.
BRI EF DESGRwiT the apenpdSitRRAW NGS 15 FIG 1 is a partial cross-sectional
view of a first safety valve enbodying principles of the present
i nvention, theInafettanovdedivaspeet ofj the inentiohed safet valves Bdproviddd ghick i on;
FIG 2 is a partial cross-sectional view of the first safety valve in an
20 i nt er nggi¢lades & elvkugmehiteR having open and closed positions and a biasing device
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
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 3 is a partial cross-sectional view of the first safety valve in an
open configuration; -4 FIG 4 is an isonetric view of a biasing device of
a second safety valve enbodying principles of the invention; 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 view of the second
safety valve in the internediate configuration with an extension spring
thereof renoved; FIG 7 is an isonetric view of another biasing device
whi ch may be used in the second safety valve. FIG 8 is a partial
cross-sectional_view of the first saf etim_val ve having 1o additional
optional bi asi A&Gedviscals isametsic) dewt ofer diasing-fdeyice of @ secondtgafgty valve
cross-sectional view of the first safety valve having an extension spring
t her eof | ¢ozhaskyingprincipleseof Hat imvpoton;i on; FIG 1o is a partial
cross-sectional view of the first safety valve showwng a first alternate
arrangenent of Fét gnisi @pastiali crgss-séntional viekbof ke seédondssaetyavdlivalin an
cross-sectional view of the first safety valve showing a second alternate
ar r angeneitepetliate extifisation;spri ngs;
5 FIG. 6 is a partial cross-sectional view of the second safety valve in the
intermediate configuration with an extension spring thereof removed;
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. 9 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.



FIG 12 is a partial cross-sectional view of the first safety val ve show ng
a third alternate arrangenent of the extension springs; and FIG 13 is a
parti al cross-sectional view of the first safety valve showing an 20
alternate configuration of the extension springs. DETAI LED DESCRI PTI ON
Representatively illustrated in FIG 1 is a safety valve 1o which enbodies
principles of the present invention. In the follow ng description of the
safety 5 valve 1o and ot her apparatus and net hods descri bed herein,
directional terms, such as "above", "below', "upper"”, "lower", etc., are
used only for convenience in__referring to the acconpanying draw ngs.
Additionally, it is to be unB& IﬂESC I ous enbodi nents of the
present invention described herein may be wutilized in various
orientations, such as inclined, inverted, horizontal, vertical, lo etc.,
and in various configurations, wthout departing fromthe principles of the
present i nvent iRepresentativelypdlusiratecdoin FHe. & isf ®sgfetralalee 10 wisichiemibstdies i n
FIG 1, since the remainder of the safety valve may be simlar to prior
saf ety valpragijplesiof the prhsentsiafaitjonsalluethdefotiowheddeseription of thiepsafatyed U. S.
Patent No. 6,227,299. It should 15 al so be understood that the principles

of thespreabetid angWth@NapPirahls arnd estRedlestribal hezél, dyviReGoRd] téahm¥e, such
as ball valves, sliding sleeve valves, etc.,

N &

such as “above”, “below”, “upper”, “lower”, etc., are used only for convenience 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.



and may be incorporated into any type of safety valve. The safety valve 10
illustrated in FIG 1 includes a closure nechanism 12 for selectively
permitting and preventing flow through a fluid passage 14 fornmed 20

| ongi tudinally through the val ve. The cl osure nmechani sm 12 includes a

cl osure nenber or flapper 16 which sealingly engages a seat 18 to prevent
flow through the passage 14. 6 As depicted in FIG 1, the flapper 16 is in
its closed position. In FIG 2, the flapper 16 is illustrated in an

i nternedi ate position, in which somewhat restricted flowis permtted

t hrough the passage 14, In FIG 3, the flapper 16 is i]lustrated in its
open position, Asfepisted in kG b the Happerafisdn itsclesgd posikions Ipdflf. @i the
through 5 the passage 14. A biasing device or extension spring 20 is used
to bias tHleppeappisillustratedigran intermsdiate popidion; imwhichssomsaywhataestiiated: he
term "extension spring"” indicates a spring which exerts an increased

bi asi ng f dloveisgwrinitded thrguph ithe passagasse dIroFIG. e tlenflapher @61y dhselayed inhe

bi asing force exerted by an extension spring decreases 1o as its length
decr eases itsTdpenspositign 2ih whichesubiseghtidllyi hisrestriveéd €lodh isopdrisitte@ahrcifzh and is
secured at its lower end to a beam 22. The beam 22 is pivotably connected

at itssuppké pasidge 14.

A biasing 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 232. 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 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 | ateral 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 transmtted by the beamto the flapper 16 to thereby rotate
the flapper toward the seat 18 about a hinge pin or pivot 28. 20 The

bi asing force exerted by the spring 20 increases as the spring |engthens,
and decreases _as the spring' s |ength decreases. 5 Note that, in the closed

configuration &YoteHBakdneie Q}%B@ecq!ﬁ"l%l'éﬁﬁl%ﬂ &f the safetygvalve 19 depigted Iym M i s
formed between the beam 22 and the pivot 28 for applying the biasing force
from the Jjii Agaagoment pamf Majsplermed hetwbémshé bearn 2hend dhe pivbtpeferi on. |t
wi || be appreciated by those skilled in the art that this nmonent arm M
decr eases applying tli¢ bpsorg fidcpifrom she eptihg Aontoetireefliapres 160k biasrit ttetliect ed i n
FIG 2, and the nonent arm further decreases as the flapper pivots to the
open posiclased pasitiont dd wilh belappretiatéd by thodesskiliudeint tharam fHat bk eesasnias t he
flapper 16 pivots toward the closed position. However, the biasing force
appl i ed bwrinh® ddvréddes 49 thoflapiserf 16351061 td@hY irtermediate position depicted in

FIG. 2, and the moment arm further decreases as the flapper pivots to the open

position depicted in FIG. 3. Thus, the moment arm M increases as 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.




lo the beam 22 decreases as the flapper pivots toward the cl osed position,
because the spring decreases in length. The torque or nonent (biasing force
X moment  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 armM
|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 1o to permt
flow through the passage _14. A lower end of the flow tube 30 contacts an
annul ar shoul dér HE. 1efhefAavigbarasuis depictpd 4 digeupmardindisposed pesitibet ween
the flow tube 30 and the 20 shoul der 32 substantially isolates the closure
mechani smpeemitting the flapper 16 take pivatshupwdrd lantheftiasing farse exerved by tHer
damage due to the flowin the passage. 8 5 In FIG 1, the flow tube 30 is
depi ct ed ispringszap VB flpwd bsigo gedmpp shet ﬂislplacedehieﬂvbéﬂ g postibhapyeforl6 to
be pivoted upward by the biasing force exerted by the spring 20. The fl ow

tube 30 neyampld]iapplieston Rftyesdure! mephsnichlofficd)Yeledtbical AXARY, @tc, Of
application of pressure, nechanical force, electrical devices, etc. O

c;)ur seg | }‘coaﬂ,@t fahothdRaypé of ddIVe€isi e SQfbh S&UFhalPFalde Bﬁklhdmglslé%v@ balgkl di ng
Sl eeve val ve

a flow tube may not be used at all to operate the valve.

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




a flow tube may not be used at all to operate the valve. Note that a raised
projection 34 fornmed on the flapper 16 contacts the beam 22 and the spring
20 as the flapper pivots to the open position showmn 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
fl exing of .the beam 22 and spri ngl 20 applies_additional biasing force 15
to the fl dpypdrthedlagpex F@cmf%‘%}b’i prits3dosedpositioniand,omee chsadi agressuree | s
useful to initiate pivoting of the flapper 16 toward its closed position
fromits olerenpakiacrosn. thehlappedi wowldamaibitaii ity closed doi prepergsaeidergal ong as
the projection 34 contacts and deflects the beam 22 and/or spring 20. It

i s cont enpelzasofithads frenethd well.he spring 20 were to fail, the biasing force
20 produced by flexing the beam 22 could be sufficient to at |east

posi t on_ onoe B Reis e Tt HEEEELdakiret e BRRET L PR M o
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greater proportion of the flapper 16 pivoting displacement. In the alternate
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 -



differential across the flapper would nmaintain it closed to prevent
accidental release of fluids fromthe well. 5 By positioning the
projection 34 closer to the pivot 28, as depicted in FIG 2, the
projection will contact and defl ect the beam 22 and/or spring 20 through a
greater proportion of the flapper 16 pivoting displacenent. In the
alternate configuration illustrated in FIG 2, the projection 34 contacts
t he 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 nowto FIG 4, an alternate beam40 is

repr esent at i vellp atfachdhe beam 4ortthedlappen 16mthe sides dechre sapeered togethere beam
22 in the safety valve 10. One significant difference between the beam 40
and the Bealacrease she relativaadistanne between tlbepegspp@ndiagasr dDstopscfd aree bent
or flexed as the flapper 16 displaces to its open position, thereby

provi di ng fadded iromaldlpobhienpegs YB toolimdt therinpiavd Hispiacehent béppesideo4itt s

cl osed position. As with the beam 22 descri bed above, the beam 40 i ncl udes
two | at er dthis predentsdierarassihgiol siles qatat she paitidl pordén 4fhen used in the
safety valve 10, one or nore of the spring(s) 20 is/are attached to the

tral ti 46 Vi I, 47 (simlar.to, th ' 6 .descri bed
;E gv;? 5 gﬁ (rj ![ ﬁ &lb@hme:ﬂ%&egﬁgrﬂé{r}gs to the(c%ergl1 poasgtlono(as d%p? tch {nngl(g. 3), ﬁie
appendages 42 are pressed against a sidewall 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 -~
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20 pivotably connected to the flapper 16 using laterally extendi ng pegs 48.
Thus, the biasing force exerted by the spring(s) 20 is transmtted from
t'he central portion 46 to the pegs 48 via the beam sides 44, and thence to
the flapper 16. -10 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 pair of stops 49 are fornmed inwardly of the pegs 48 to limt the

i nward di spl acenent of the sides 44. This prevents overstressing of sides
44 at the central portion 46. 5 Wien the flapper 16 pivots to the open
position (as de cted in FIG @2 the appendages 42 are pressed agai nst a
sidewal | 50 of RRanslages; gvel e bepwy é@yextwhdnrﬁgl@?glmdé&a ngirecton
appendages. This bendlng of the appendages 42 causes an additional biasing
force to Belatiypltpahetsidewnll spaghen the bemmeisaurgidt inothel safetysvalee 10.0re bi ases
the flapper 16 toward the closed position. 10 Note that the sides 44 and

t he appendppesdagesdi2 extgnd dndhefsanma baghudbiahdireatiomeeldtive to eshbaastrdb. \Wen
the flapper 16 is opened, the sides 44 are flexed toward the appendages
42. Event pertign 4thas derttie sidesehdpoViEhuts thé beina 40 easpe bt idescsbetk as déirgnd
appendages 42 will contact each other. This contact I|imts further flexing

of thessi deddddioesrt anfipanaagd podibrpg6.t he central portion 46,

This “folded over” 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
illustrated 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.




15 thereby preventing overstressing of the sides and appendages. The beam
40 is depicted in FIG 5 installed in the safety valve 1o in place of the
beam 22. In this view the relationship between the appendages 42 and the
sidewal | 50 nmay be seen. A clearer viewis shown in FIG 6, with the spring
20 renoved. Fromthis view it nmay be appreciated how t he appendages 42 are
20 flexed by contact with the sidewall 50 as the flapper 16 pivots toward
its open position. 5 The appendages 42 of the beam 40 extend in a

| ongi tudi nal direction relative to the sidewall 50 when the beamis used
in the safety valye 10. The  appendages 42 extend in the sane |ongitudi nal
direction rel afisviledlappee 16 ditatato iisopendositeorasheispring 68 widlkeventuathus, t he
beam 40 may be descri bed as bein "fol ded over” at the central portion 46.
This "f ol dedtast éhe siftesvalhs0f Fidhewe pivotingpefothedBapperbitasilthgofrpress the cl ose
the flapper 16 over a substantial portion of its pivoting displacenent. It
i's cont esphiageaB thetwedrhéhe fappdand uhd didewribgot o Thisosampiwssibhaphptre 16,
even W thout use of the separate spring(s) 20. 10 Representatively

i || ust r at egring 68 @ill pply abiishgy foadd gy thet fbapgpea o Sbiasingathe flappet t@sard
appendages 62 extending laterally froma central portion 64 having an

5 its closed position.

Similarly, as the flapper 16 pivots to its open position, the spring 70 will
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. ¢ 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

—13_




opening 66 for connecting one or nore 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 nowto FIG 8, the safety valve 10 is
representatively illustrated with additional biasing devices 68, 70
installed therein. The biasing device 68 is depicted as a conpression
spring mounted tqQ an underside of the 20 flapper 16. The bi asing device 70
i s depi ct dhataqasathecHaPRE 16 Pivets ctomard die opeppasitian, ttheabeamtzy Wil bef t he
sidewal | 50. 5 As the flapper 16 pivots to its open position, the spring 68
wi | | eventinereasinglydiexad ortbest by dtevatieralsomprassi¢rebetpieentthaflapper dred tHeapper
16 will conpress the spring 68 between the flapper and the sidewall 50.
Thi s conpseksiabin50f théreby sapplyigg 64h \eidditiamp| hiagingi fasientp ftbe dtapper,t e

fl apper 16, biasing the flapper toward its closed position. Simlarly, as
t he fl appaddittoral bizising fordetsiasipg thepflapparaowaidits slpsédgosifiomi | | eventual |y
contact the flapper. Further pivoting of the flapper 16 will flex or bend

E EZ S p%i ng 70. R-Ic; ér?-infgl %éidﬂg)n%ilyt plgws ko | l*n[%S?.olcw.lL,l a ePrlla}{e apgsii'ggrilirlll s f of ¢° to
biasing devices in the safety valve 10 are representatively illustrated. In FIG. 10,
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. g would be one of the springs 76

illustrated 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.

_14_



fl apper 16, biasing the flapper toward its closed position. 10 Thus, it

W ll 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

bi asing forces for initiating pivoting displacenment 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 io. This positioning of the spring 20 may permt further reduction
of the overall length of the safety valve 10, or it may permt an outer

di aneter of thén\ﬂgi/éﬁéspélngéﬁh@eﬁnﬂmthahét emgifales the passagent4eirposed
between the flapper 16 and the sidewall 50 in the open configuration of

t he val ve an2gnnulae apace284.s Thisapanhgeiment mcrenses thedvatlltdhe spttiengpr and
extends downwardly therefromto a central portion 74. Fromthe central
portion 740, ttherebggamitingxh eodtespavding ligcleasairpthvobiasihgclonee pradutedj t h t he
flapper 16. Note -13 that, as the flapper 16 pivots toward its open

posi ti on, witlenitassessdtatingl abéncreawy anshaghterfdigmetbrost BrNdafly vdlee hat er al
conpressi on between the flapper and the sidewall 50, thereby applying an

addi t i gnalinBeetsithe duder Gidntetbh of the bRty vilRe 10368y beaRalicd BF iudthd Mce
bi asing the flapper toward its closed position.
arrangement of FIG. 12. Redundancy may be provided in this configuration by
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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5 Referring additionally now to FIGS. 10-12, alternate positionings of
bi asi ng devices in the safety valve 1o are representatively illustrated. In
FIG 10, nultiple extension springs 76 are circunferentially spaced apart
in an annular, or partially annular, space 78 fornmed in the safety val ve
10. For exanple, the space 78 could be fornmed 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 illustrated in FIG 10.
Each of the springs 76 woul d be connected to the beam 72 and woul d exert
an upwardli/1 g’iprect ed biasing force on the beam In this manner, an
i ncr eased the eam &g mayhe steaighteped, 6f peevipusly hentcersauvedthe besm apayibays 76)
may be applied to 15 the beam 72, and the springs may provide redundancy
for each dengfif initialesteaight), or imthesrhend(if injtiallpbenttor copredigs shoul d fail .
Anot her advantage nmay be that snmaller springs 76 can be used (since there
are nore of theyShy I . .t f | ve. have a
) ama;rgelg.sd) ]?eancEl‘lf éﬁ#ﬂ%ilﬂfthgnag Wﬁgl& rﬁ?)gﬁaa g&r}éﬂﬁ %Oéglg%gat[(ﬁl

shal | er outer di e Springs f6 are arran ~one of

the : ner ot b BA%: AGArBRRL Srsl b PBRR it RtmeRt o ThE R BT ERY R 6. s

enci r cbes PRESHE dhMagy Fpdiftahuntrafifons subalibnsoddr iy spdither

I ncreases chgrelgeosvlenra?fl Le Srinége QJ) tgésee %Beraclntnlg 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.




80, thereby permtting a corresponding increase in the biasing force
produced, w thout necessitating an increase in the outer dianeter of the
safety valve to. 5 Indeed, the outer dianmeter of the safety valve 1o nay be
reduced by using the arrangenent of FIG 12. Redundancy nmay be provided in
this configuration by positioning another one or nore additional springs

within the spring 80, as illustrated for the springs 76 in FIG 11.
Referring additionally nowto 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 1is 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 b‘WHQ’i‘I@'ﬁiSQiI\GFE’Dt ; flapper 16 when the 15 flapper pivots
to its open position. en t

he 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 bhiasi force ipcreasing as the flapper

di spl aces t oward thg‘@é‘éenforﬁlggﬂ?8“@%@?’5@???’5&%5‘#‘5 SP¥Wer d its cl osed
positign. 20 The,beam 82 ymay be strai q{&],l or, it . my be.bent or curved when
the fl apper 16aic§oqu[qeme§nl&qrﬁjsagalgpngqq clo Qs Andoer 16 is pivoted to

its open positian, |, . . .
pen p a biasing device having a length which decreases as the closure member

displaces toward the closed position,

2. The valve according to claim 1, further comprising a beam

10  interconnected between the closure member and the biasing device.

3. The valve according to claim 2, wherein the beam is bent to an
increasingly curved configuration, thereby increasingly biasing the closure
member toward the closed position, as the closure member displaces toward the

15 open position.

4. The valve according to claim 3, wherein the closure member
contacts the beam and forces the beam to the increasingly curved configuration,

as the closure member displaces toward the open position.

20

5. The valve according to claim 4, wherein the closure member

contacts a position on the beam closer to a connection between the beam and the
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t he beam 82 may be straightened (if previously bent or curved), the beam
may be bent (if initially straight), or further bent (if initially bent or
curved). O course, a person skilled in the art would, upon a careful
consideration of the above description of representative enbodi nents of
the invention, readily 5 appreciate that many nodifications, additions,
substitutions, deletions, and other changes may be nade to these specific
enbodi ments, and such changes are contenplated by the principles of the
present invention. Accordingly, the foregoing detailed descriptionis to
be clearly understood as being given by way of illustration and exanple
only, theclgsire mesmbersihapdogt comnechpe Jishvesmthenbeasn apdi thg biasing ideviced
solely by the appended clains and their equivalents. WHAT IS CLAIMED IS: 5
1. A val vasthe closereimembendisplacantsarardgh¢ opernpositibwe conprising: a closure
menber havi ng open and cl osed positions; and a biasing device having a

| engt h whi ch decreases as the closure nenber displaces toward the cl osed
position. 2. The valve according to claiml1, further conprising a beam io
i nt erconnect edébet wEln vahe adcording toweidinr 2 awheiche the beamdhadeati lesst che The
val ve according to claim2, wherein the beamis bent to an

5 appendage which is increasingly flexed, thereby increasingly biasing the closure

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

open position.

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

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

8. The valve according to claim 7, wherein the closure member
contacts the biasing device to bend the biasing device, as the closure member

15  displaces toward the open position.

g. The valve according to claim 1, further comprising a beam
extending longitudinally within the biasing device, the beam being increasingly
flexed, thereby increasingly biasing the closure member toward the closed

20  position, as the closure member displaces toward the open position.
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i ncreasingly curved configuration, thereby increasingly biasing the closure
menber toward the closed position, as the closure nenber displaces toward
the 15 open position. 20 4. The val ve according to claim3, wherein the

cl osure nenber contacts the beam and forces the beamto the increasingly
curved configuration, as the closure nenber displaces toward the open
position. 5 The valve according to claim4, wherein the cl osure nenber
contacts a position on the beamcl oser to a connection between the beam and
the -17 closure nmenber than to a connection between the beam and the

bi asi ng device, as the closure nmenber displaces toward the open position.
5 6. The val ve 18ccorftenplye agsosdingoto glaimei, whereinythenrleaereamermhestis gne
appendage which is increasingly flexed, thereby increasingly biasing the
closure Hlepper, whengirdtheheiasingsteticeds iat least ons extiensionogpuing, apdbéerdirspl aces
toward the open position. 7. The valve according to claim1l1, wherein the
bi asi ng déhé¢ extensiobepring is positioned between the flapper and a sidewall of the valve

when the flapper is in the open position.
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lo along its length, thereby increasingly biasing the closure nenber toward
the closed position, as the closure nenber displaces toward the open
position. 8. The val ve according to claim7, wherein the closure nenber
contacts the biasing device to bend the biasing device, as the closure
menber 15 di splaces toward the open position. 9. The valve according to
claimi, further conprising a beam extending longitudinally within the

bi asi ng device, the beam being increasingly flexed, thereby increasingly
bi asing the cl osure nenber toward the closed 20 position, as the closure
menber di splaces toward the open position. 10. The valve according to claim
1, wherein theltl osdr alebnivalvej forausq |impbsubtermaneannwelle the safaty vadve ce i s
at | east one extension spring, and wherein the extension spring is

posi ti oneg¢o@risteg: t he fl apper and a sidewall of the valve when the
flapper is in the open position. 5 11. A safety valve for use in a

subt err anean weldgsurémesalierthaviregg open armhqlosest pugitiensghndur e menber havi ng
open and cl osed positions; and at | east one extension spring biasing the

cl osure nenber at lnast onéd éxtendion egrind bixeing thertlosure member toward the closed

5  position.

12.  The safety valve according to claim 11, wherein there are multiple

extension springs biasing the closure member toward the closed position.

13. The safety valve according to claim 12, wherein the extension

springs are arranged laterally adjacent each other in the safety valve.

14.  The safety valve according to claim 12, wherein the extension

springs are circumferentially spaced apart in the safety valve.

15. The safety valve according to claim 12, 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.
16. The safety valve according to claim 12, wherein each of the

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

extension springs.
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12. The safety valve according to claim 11, wherein there are multiple
extensi on springs biasing the closure nenber toward the cl osed position. 10
13. The safety valve according to claim 12, wherein the extension springs
are arranged laterally adjacent each other in the safety valve. 14. The
safety valve according to claim 12, wherein the extension springs are
circunferentially spaced apart in the safety valve. 15 15. The safety val ve
according to claim 12, wherein each of the extension springs independently
bi ases the closure nenber toward the closed position, such that the
ext ensi on springs provide redundancy for each other. 20 16. The safety
val ve according to claim 12, wherein each of the extension springs is
wound in an opposite direction relative to another of the extension
springs. -20 177. Thdhesafety velae necard g toidym 1, whereinia mowieat epplied twonent
applied to the closure nenber about a pivot by the extension spring
i ncr eases the closerecinembes aboethdbpivot by pheexdensionapring imcrehses ad theslosuen. 5
18. The safety valve according to claimii, wherein a nonent applied to
member displaces toward the closed position.

5
18.  The safety valve according to claim 11, 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.
10 19.  The safety valve according to claim 11, wherein a longitudinal axis

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

toward the open position.

20. The safety valve according to claim 11, wherein the closure member
15 contacts the extension spring, thereby causing the extension spring to flex

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

21.  The safety valve according to claim 11, further comprising a beam

connected between the closure member and the extension spring.

20
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t he cl osure nenber about a pivot by the extension spring renmains
substantially constant as the closure nenber displaces toward the cl osed
position. 10 19. The safety valve according to claim1ll, wherein a

| ongi tudi nal axis of the extension spring is increasingly flexed as the

cl osure nenber displaces toward the open position. 20. The safety val ve
according to claimii, wherein the closure nenber 15 contacts the
extension spring, thereby causing the extension spring to flex

| ongi tudinally, as the closure nenber displaces toward the open position.
21. The safety valve_ according to claim11l, further conprising a beam
connect ed bet w@@n t A&@ecpafety aalenBesording toeclabm e?isi wherghn j thg. beamois  The
safety valve according to claim2l, wherein the beamis increasingly bent,
t her eby i neereasinglyl Berti tiwirehy inereasingly biasingtherclosure merberstadthepdssad on, as
the cl osure nenber displaces toward the open position. 5 23. The safety

val ve acc@oditiog, apthe dosnr2 imemberr displatésatobaadrtreaspeat positiast one appendage,
t he appendage being increasingly bent, thereby increasingly biasing the

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

5 23.  The safety valve according to claim 21, wherein the beam has at
least one appendage, the appendage being increasingly bent, thereby increasingly

biasing the closure member to the closed position, as the closure member

displaces toward the open position.

10 24.  The safety valve according to claim 21, 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.

15 25.  The safety valve according to claim 24, 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.

26. The safety valve according to claim 11, further comprising a beam
20 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.
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10 24. The safety valve according to claim 21, wherein the closure nenber
contacts the beam causing the beamto bend and increasingly biasing the
cl osure nenber to the closed position, as the closure nenber displaces
toward the open position. 15 25. The safety val ve according to claim 24,
wherein the closure menber contacts the beamcloser to a connection

bet ween the beam and the closure nenber than to a connection between the
beam and t he extension spring. 26. The safety valve according to claimii,
further conprising a beam 20 positioned longitudinally within the
extension spring, the beam being increasingly flexed, thereby increasingly
bi asing the closure nenber to the closed position, as the closure nenber
di spl aces toward the_open position. -22 5 27. The safety valve according to
claim 11, furtR&r cdhsrsafathyalyescesrding tajdein a1,dusther snaprisintgwe biasinge

cl osure nenber and a sidewall of the safety valve when the closure nenber
i s in thedepica pesdianedrbetwhen bieaglosuredusinber bndsi sidewdlk of theosafety vabveber
toward the cl osed position. 28. The safety val ve according to claim 27,
wher ei n t ehelni thei dgsute unembes isciar theesbennpdditdors, | the higsing dbeice biasing the

5 closure member toward the closed position.

28.  The safety valve according to claim 27, wherein the biasing device is

carried on the closure member.

10 2g.  The safety valve according to claim 27, wherein the biasing device is

carried on the safety vaive sidewall.

30. The safety valve according to claim 11, wherein the closure member

is a flapper.
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10 29. The safety val ve according to claim 27, wherein the biasing device

Is carried on the safety valve sidewall. 30. The safety valve according to
claim 11, wherein the closure nenber is a flapper. 15 5 10 15 31. A safety
valve for use in a subterranean well, the safety valve conprising: a

cl osure nenber having open and cl osed positions; a first biasing device for
bi asing the cl osure nenber toward the closed position; and a first beam

i nt erconnected between the first biasing device and the closure nenber,
the first beambeing flexed to an increasingly curved configuration,

t hereby increasingly biasing the closure nenber toward the cl osed

position, as t@ cl ésarfetymoibier foh ypr ded sublgiraneanewsfethe sefaty omlves2. The
safety valve according to claim31, wherein the first beam has at | east
one append@g®wrisilgs appendage being increasingly flexed, thereby

a closure member having open and closed positions;
a first biasing device for biasing the closure member toward the closed
5 position; and
a first beam interconnected between the first biasing device and the
closure member, the first beam 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.
10
32. The safety valve according to claim 31, 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.

15
33. The safety valve according to claim 31, 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.
20 34. The safety valve according to claim 31, 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.
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i ncreasingly biasing the closure nenber toward the closed position, as the
cl osure nenber displaces toward the open position. 33. The safety val ve
accorading to claim 31, wherein the first biasing device |engthens, thereby
i ncreasingly biasing the closure nenber toward the closed position, as the
cl osure nenber displaces toward the open position. 20 34. The safety val ve
according to claim31, wherein a nonent applied to the closure nenber
about a pivot by the first biasing device increases as the closure nenber
di spl aces toward the closed position. -24 5 10 35. The safety val ve
according to claim 31, wherein a nonent applied to the closure nenber
about a pivot by the first biasing device remains substantially constant
as the closure nenber displaces toward the closed position. 36. The safety
val ve accordi n@5t o dhgisefely valyecaceprding lte elaimushi, rveheraiti 8 momnenthapifliadst
bi asing device is increasingly flexed as the cl osure nmenber displ aces
t owar d t hdo ohen clpsura iroembd7 . abbiue & gpiwoty byalle first diiaking devied apmafis,
wherein the cl osure nenber

substantially constant as the closure member displaces toward the closed

5 position.

36. The safety valve according to claim 31, wherein a longitudinal axis
of the first biasing device is increasingly flexed as the closure member displaces

toward the open position.

10
37. The safety valve according to claim 31, 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.
15 38.  The safety valve according to claim 31, further comprising a second

beam positioned within the first biasing device, the second beam being
increasingly flexed, thereby increasingly biasing the closure member to the closed

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

20 39. The safety valve according to claim 31, further comprising a second

biasing device positioned between the closure member and a sidewall of the
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contacts the first biasing device, thereby causing the first biasing device
to flex longitudinally, as the closure nenber displaces toward the open
posititon. 15 38. The safety valve according to claim31, further conprising
a second beam positioned within the first biasing device, the second beam
being increasingly flexed, thereby increasingly biasing the closure nenber
to the closed position, as the closure nenber displaces toward the open
position. 20 39. The safety valve according to claim31, further conprising
a second bi asing device positioned between the closure nmenber and a
sidewal | of the safety valve when the closure nenber is _in the_open

posi ti on, Sefely ¥alvehen the; glesure sigrabensis 48 the oper pesiion; theraesprd biasing d ¢ he
cl osed posjtion. 40. The safety val ve according to claim39, wherein the
second bi #lsvieg biasirg theeclosire member towardithectlosedrpositirher . 41. The safety

val ve according to claim 39, wherein the second biasing device is carried
on the safety valve sidewall. 10 42. The safety val ve according to claim
31, wherein the first biasing device is an extension spring. 43. The safety
val ve accordi ngot o Thaisafél valveercedomlinig eo claimgg whnrbier thessegord biagiig

5 device is carried on the closure member.

41.  The safety valve according to claim 39, wherein the second biasing

device is carried on the safety valve sidewall,

10 42. The safety valve according to claim 31, wherein the first biasing

device is an extension spring.

43. The safety valve according to claim 31, wherein the closure member

is a flapper.
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15 5 44. A safety valve for use in a subterranean well, the safety val ve
conprising: a closure nenber having open and cl osed positions; and a first
bi'asi ng device for biasing the closure nenber toward the closed position,
the first biasing device being flexed to an increasingly curved
configuration, thereby increasingly biasing the closure nenber toward the
closed position, as the closure nenber displaces toward the open position.
45. The safety valve according to claim44, wherein the closure nenber 1o
contacts the first biasing device to flex the first biasing device as the
cl osure nmenber displaces topard the qpen pgsition. 46, The safety val ve
according to ci4tm M,Saﬁgﬁ‘)f tﬂﬁgﬁ% nB$e dn gy sublrrEaneannyellc she sately wveneen
the first biasing device and the cl osure nenber, the 15 beam being fl exed
to an i nceBdIr1g curved configuration, thereby increasingly biasing the
cl osure nenber toward the closed position, as the closure nenber displaces
toward t he open chessire membethavifigeopeaf and closddvmositéans; dindig t o cl ai m 46,
wherein the first beamhas 20 at | east one appendage, the appendage being
i ncreasi ngl y flaefiestl biading eleyice for biasing the closure member toward the closed

5 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.

45.  The safety valve according to claim 44, wherein the closure member
10  contacts the first biasing device to flex the first biasing device as the closure

member displaces toward the open position.

46.  The safety valve according to claim 44, further comprising a beam
interconnected between the first biasing device and the closure member, the

15 beam 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.

47. The safety valve according to claim 46, wherein the first beam has
20 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.
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i ncreasingly biasing the closure nenber toward the closed position, as the
cl osure nenber displaces toward the open position. -27 48. The safety val ve
according to claimd44, wherein the first biasing device |engthens, thereby
i ncreasingly biasing the closure nenber toward the closed position, as the
cl osure nenber displaces toward the open position. 5 49. The safety val ve
according to claim44, wherein a nonent applied to the closure nenber
about a pivot by the first biasing device increases as the closure nenber
di spl aces toward the cl osed position. 10 50. The safety valve according to
claim44, wherein a nonent applied to the closure nmenber about a pivot by
the first biasing device remains substantially constant as the cl osure
menber displaces toward the closed position. 15 51. The safety val ve
according to ck& m Jhe dafetyhelve aegordingntp elabuadd, wheliein dhedirei biasing he
first biasing device, the beambeing increasingly flexed, thereby

i ncr easi ngleyichilangthgns,htherélys increasimgle rbissing ke clasnee mesberi bmyardsthehe

cl osure nenber displaces toward the open position. 20 52. The safety val ve
accor di ng clased Ipasitiofidas therdidetire asmisérsdisylacestowardithe open position.

5
49. The safety valve according to claim 44, 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.

10 50. The safety valve according to claim 44, 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.

15 51.  The safety valve according to claim 44, further comprising a beam
positioned within the first 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.

20 52.  The safety valve according to claim 44, further comprising a second

biasing device positioned between the closure member and a sidewall of the
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bi asi ng devi ce positioned between the closure nenber and a sidewall of the
28 safety valve when the closure nenber is in the open position, the second
bi asing device biasing the closure nenber toward the cl osed position. 53.
The safety val ve according to claimb52, wherein the second biasing 5 device
is carried on the closure nmenber. 54. The safety valve according to claim
52, wherein the second biasing device is carried on the safety valve
sidewal | . 10 55. The safety valve according to claim44, wherein the first
biasing device is an extension spring. 56. The safety valve according to
claim44, wherein the closure nenber s a flapper. 15 57. The safety valve
accor di ng satsteralveswhen theclosare srambersis iy the spem pesitisn athiersgcard binsing
positioned within the first biasing device. 58. The safety val ve according
to cl ai m sievicpiigsingtherdosiwe srambrrdovard threoclosed; positian.f | exed to an
i ncreasingly curved configuration, thereby increasingly biasing the closure
menber toward the closed position, as the closure nenber displaces toward
t he open position.

53.  The safety valve according to claim 52, wherein the second biasing

5 device is carried on the closure member.

54.  The safety valve according to claim 52, wherein the second biasing

device is carried on the safety valve sidewall.

10 55.  The safety valve according to claim 44, wherein the first biasing

device is an extension spring.

56.  The safety valve according to claim 44, wherein the closure member
is a flapper.
15
57.  The safety valve according to claim 44, further comprising a second

biasing device positioned within the first biasing device.

58.  The safety valve according to claim 57, wherein the second biasing
20 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.
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-29 5 59. A safety valve for use in a subterranean well, the safety val ve
conprising: a closure nmenber having open and cl osed positions; and a
bi asi ng device for biasing the closure nmenber toward the closed position,
t he bi asing device including a beam having at | east one side and at | east
one appendage extending in a sanme |ongitudinal direction froma central
portion, the beam being conpressed |aterally when the closure nenber
di spl aces toward the open position. 10 60. The safety val ve according to
claim59, wherein the side and the appendage are flexed toward each ot her
when the cl osure nenber displaces toward the open position. 61. The safety
val ve accordi ng9t o & spfetwyalvghfrrense tinea subterranean] wellp phe isatety niadve one of
the opposite ends being attached to the closure nenber, and the other
opposi te €ampysing attached to the central portion. 62. The safety val ve
according to claim6i, wherein the side is pivotably 20 attached to the
cl osure nenber a closure member having open and closed positions; and
a biasing device for biasing the closure member toward the closed
5 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.

10 60. The safety valve according to claim 59, wherein the side and the
appendage are flexed toward each other when the closure member displaces

toward the open position.

61. The safety valve according to claim 59, wherein the side has
15 opposite ends, one of the opposite ends being attached to the closure member,

and the other opposite end being attached to the central portion.

62. The safety valve according to claim 61, wherein the side is pivotably
attached to the closure member.
20
63. The safety valve according to claim 59, wherein the side and the

appendage are compressed between the closure member and a sidewall of a
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63. The safety val ve according to claim59, wherein the side and the
appendage are conpressed between the closure nenber and a sidewall of a 30
housi ng of the safety val ve when the closure nenber displaces to its closed
5 position. 64. The safety valve according to claim59, wherein there are
two of the sides laterally adjacent each other, each of the sides having a
| aterally outwardly extending peg for attachnent to the closure nenber,
and wherein each side further has a laterally inwardly extending stop
formed thereon for limting laterally inward displacenent of the sides
toward each other, 10 65. The safety valve according to claim59, wherein
each of tﬁﬁl@uanaeofaﬁ'ap safety xphenthge nhasc gswe naemberedisplaegsetsn itssejosedat  t he
si de and appendage diverge fromeach other in the longitudinal direction.

66. The s®P8HiPhval ve according to claim65, wherein the bends in the 15
si de and appendage contact each other during displacenment of the closure
menber to the open position, thereby limting displacenent of the side and
appendage toward each other at the central portion. 67. The safety val ve
according to clegi m The shfety halve aorqrding tog:1ans 59, wherein there are two of the
5 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.

10 65. The safety valve according to claim 59, 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.

66. The safety valve according to claim 65, wherein the bends in the
15 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.
67.  The safety valve according to claim 59, further comprising a spring

20 attached to the biasing device, the spring lengthening as the closure member

displaces toward its open position.

_31_




20 attached to the biasing device, the spring | engthening as the closure
menber di splaces toward its open position. 68. The safety val ve accordi ng
tb claim67, wherein the spring is attached to the central portion. 69.
The safety val ve according to claim®67, wherein the spring applies a 5

bi asing force to the closure nenber through the biasing device.

68. The safety valve according to claim 67, wherein the spring is

attached to the central portion.

69. The safety valve according to claim 67, wherein the spring applies a

5 biasing force to the closure member through the biasing device.
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