SAFETY VALVE TORSI ONAL SPRI NG ASSEMBLY AND METHCOD
BACKGROUND OF THE | NVENTION Field of the Invention

[ 0001] The present invention relates generally to
safety valves used in oil and gas wellbores and, nore
particularly, to a torsional safety valve nechani sm
used to affix and maintain the flapper in a closed
position. Description of the Related Art (0002] The
use of safety valves in oil and gas well bores is well
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Description of the Related Art
focoz;  The use of safety valves in oil and gas wellbores is well known in the art.
In general, these valves are used as redundant shut-offs in the event of wellbore €mergency.
These valves typically consist of a flapper which is pivotally connected to a tubular
member via a hinge. During fluid production, a sleeve is generally used to actuate the
flapper in an apen position, allowing fluid to pass through. However, in the event of an
emergency or other event, the flapper can be closed, preventing dangerous fluids from
traveling up hole to the surface and being released into the environment.
tooo3;  In the past, various manufacturers have used steel pins, called flapper pins,
to connect the flapper to the hinge on a mating part of the tubular member called a hard
seat. Once the flapper is placed on the hinge, a set of radially contoured pins are placed on
cither side of the flapper to support the torsion springs. The torsion springs

circumferentially wrap around the pins and are used to bias the flapper in a closed position.



circunferentially wap around the pins and are used to
bias the flapper in a closed position. 1 Tabs extend
fromthe torsion springs out over the flapper,
contacting the flapper, thereby transferring the
spring torque to the flapper and biasing it in the

cl osed position. [0004] There are di sadvantages to the
traditional flapper mechani smdesign. First, since

the tabs forman integral part of the springs, the
torque stresses created by the spring s novenent when
the flapper is opened is transferred al ong the spring
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stresses on the torsion springs, and. ) ) ‘
efficiency and creates additional stresses on the spring, which results in combined loading

and increased fatigue stresses along the spring and ﬂgpper surface. In those designs where
the tabs connect with each other over the flapper surface, even more fatigue stress is
created at the tab/spring junction. Third, the use of the individual flapper pin is unduly
complicated and increases the cost associated with the safety valve.

poes; In view of these disadvantages, thére is a need in the art for an improved
flapper mechanism which minimizes the torque stresses on the torsion springs and

simplifies the flapper design, thereby providing a more reliable and cost-efficient safety

valve.



sinplifies the flapper design, thereby providing a
nore reliable and cost-efficient safety valve. 2
SUMVARY OF THE | NVENTI ON [ 0006] Vari ous enbodi nments of
the present invention provide assenblies and nethods
for a safety valve torsional spring assenbly used in a
wel | bore. The safety valve conprises a valve body, a
fl apper nount and a flapper. A hinge is used to rotate
the flapper in an opened or closed position.
Torsional pins are nounted adj acent the fl apper
mount, each havi ng ends which extend into the hinge
and term nati ng SUMMARY GEIJHEINENTEINa | ocati on
al ong the hinge. Torsional springs are
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Tabs extend fromthe torsional springs and contact an
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fl apper. As such, the torque created by the torsiona
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extending over the top of the flapper. As such, the torque created by the torsional springs
is trangferred to-the actuation member via the tabs, thereby reducing the stress on the
torsional springs.

o007} According to another embodiment of the present invention, the torsional
pins terminate adjacent one another at the middle of the hinge or at a point offset from the
middle of the hinge. Moreover, the actuation member may be a “U” shaped horse shoe
member. An alternative embodiment of the actuation member may include two tabs
connected to the torsional pins, which extend out over the top of the flapper.

10008]  An exemplary method of the present invention includes the steps of opening
the flapper, the valve assembly comprising springs and an actuation member adapted to
actuate the flapper into a closed position; generating torque in the springs; transferring the
torque from the springs to the actuation member, the actuation member being in contact

with the flapper; transferring the torque from the actuation member to the flapper; and

closing the flapper.



connected to the torsional pins, which extend out over
the top of the flapper. [0008] An exenpl ary nethod of
the present invention includes the steps of opening

the flapper, the valve assenbly conprising springs and
an actuation nmenber adapted to actuate the fl apper

into a closed position; generating torque in the
springs; transferring the torque fromthe springs to

t he actuation nenber, the actuation nenber being in
contact wth the flapper; transferring the torque
fromthe actuation nenber to the flapper, and closing

t he fiobspp€he fGedod@Ofunithay f isr ey dnegded utoaumymarize n@ath potential
i ntended to summari ze each potential enbodi nent or
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di scl osure. O her objects and features of the
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description with reference to the drawi ngs. 4 BRI EF
rbrohddl 1 He Mwilgs THE DRAWNGS [0010] FIG 1 illustrates
vari ous conponents of a safety val ve nechani sm
according to an exenpl ary enbodi nent of the present
invention; [0011] FIG 2 illustrates the assenbl ed
safety val ve nechanismof FIG 1; and [0012] FIG 3 is
a cross-sectional view of a safety val ve nechani sm
according to an



exenpl ary enbodi nent of the present invention. 10013]
Whal e the invention is susceptible to various

nodi fications and alternative forms, specific

enbodi nents and net hods have been shown by way of
exanple in the drawings and will be described in
detail herein. However, it should be understood that
the invention is not intended to be limted to the
particular fornms disclosed. Rather, the intention. is
to cover all nodifications, equival ents and
alternatives falling within the spirit and scope of

t he i nvent i onBREERBESGRIPTIPN OF TIHHHOPRAMINGS:i 5. 5
Description of Illustrative Enbodi ments [ 00014]
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and scope of the invention as defined by the appended claims.



di scl osure. [0015] Referring to FIGS. 1 & 2, a safety
valve 10 is illustrated according to an exenplary
enbodi ment of the present invention. Safety valve 10

can be a variety of safety valves used in downhol e
appl i cations, such as, for exanple, a surface

control |l ed sub- surface safety valve, annul ar

controlled valve, fluid | oss valve or pressure

bal anced val ves. Safety valve 10 includes a tubul ar
menber 11 having a flapper nount 12 at its |ower end

14. Flapper nount 12 includes a bottom surface 26 and

| at eral sur f aceD&griptiorsef Allustratige Embodierehtsnds from

fl apper nount bottom surface 26 and mates with fl apper
hi ngew®8 blustrdtivappeodiféits P invuatibriat Gesedbod belowas &ed thight
on | ateral surface 28, which have profiles for
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fl apper nount bottom surface 26. Ends 30 ‘are pl ace

s b agpRRiabRteh A Gn ﬁl‘éqaelldfpnﬁ Qb (?Il'bﬂg %ﬂ:ﬁ raat%él ﬁﬂ%h&n%nth&qgethod,

32 are inserted into seat hinge
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be a routine undertaking for those of ordinary skill in the art having the benefit of this
disclosure.

joo1s; Referring to FIGS. 1 & 2, a safety valve 10 is illustrated according to an
exemplary embodiment of the present invention. Safety valve 10 can be a variety of safety
valves used in downhole applications, Such as, for example, a sutface controlled sub-
surface safety valve, annular controlled valve, fluid loss valve or pressure balanced valves.
Safety valve 10 includes a tubular member 11 having a flapper mount 12 at its lower end
14.  Flapper mount 12 includes a bottom surface 26 and lateral surface 28. A seat hinge
16 extends from flapper mount bottom surface 26 and mates with flapper hinge 18 of
flapper 20. Two shoulders 24 are located on lateral surface 28, which have profiles for
accepting torsional pins as will be discussed.

oty Two mirrored radially contoured torsional pins 22, having ends 30,32,

extend around the curvature of flapper mount bottom surface 26. Ends 30 are placed



Secure nenbers 34 have a matching profile which mates
with the contour of ends 30 and the profile of

shoul ders 24. A connector 36, such as, for exanple, a
screw, is inserted into secure nmenbers 34 in order to
create the connection. Those skilled in the art having
the benefit of this disclosure realize a variety of
connectors and/or nethods of nounting torsional pins

22 to flapper nount 12 may be utilized. [0017] Further
referring to the exenplary enbodi nents of FIGS. 1 & 2,
torsional springs 38 illustrated which provide the
witlis thearating poditesd ahquldep 24, Ivdsle ehdsi2per in@fted into sridenge 16and
support torsional springs 38, torsional pins 22 are
fpparéiihge 18, ithkeebyfeffocively darmlingthé hingsuseBto acthgte ahdistabtate flapper
springs 38 circunferentially wap around torsiona
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torsional pins 22 to flapper mount 12 may be utilized.

00177  Further referring to the exemplary embodiments of FIGS. 1 & 2, torsional .
springs 38 illustrated which provide the bias force necessary to close flapper 20. In order
to support torsional springs 38, torsional pins 22 are placed inside of torsional springs 38.
Torsional springs 38 circumferentially wrap around torsional pins 22 and have ends 40 and

tabs 42, which mate with profiles in shoulders 24 (ends 40) and contact actuation member
45 (tabs 42) as will be discussed. Connector 34 mates and fits on top of ends 30 and ends
40 in order to secure torsional springs 38 and pins 22 in place.

po1s; Actuation member 45 extends from the area adjacent hinges 16,18 and
extends out over the surface of flapper 20. In the most preferl;ed embodiment, actuation
member 45 is shaped a “U” shaped “horse shoe” having ends 44, which are curved to fit

around the outer diameter of ends 32 of torsional pins 22, essentially forming a hinge. As

such, once ends 32 are inserted into hinge members 16,18, ends 44 are situated adjacent the



edges of hinge nenber 16 as illustrated in FIG 2.
Actuation nmenber 45 also includes nating grooves 46

adj acent ends 44, which provide a mating profile for
tabs 42 of torsional springs 38. In the alternative,
however, grooves 46 may be hol es wherein tabs 42 are
inserted. The holes would run fromthe top to bottom

of actuation menber 45, wherein spring tabs 42 could

be hooked and/or inserted into. As flapper 20 opens,
torque is created in torsional springs 38, which is
then transferred to actuation nmenber 45 via tabs 42 in
eleaee! kingdynember | 1§ms diusirated in BIGs 120 shetuatios intember. 45 also includes
Accordingly, the torque stress on tabs 42 of springs
B&iriggrovives 46 adindent A3 19] wiich pratidea matngyeofild for &bk OISf torsional
torque created by torsional springs 38 to be nore
springso38 In dh alternbtivep ovasver, gidoRpp4s maP be Moles OMerein fabre42 are
U- shape of horse shoe 45 prevents sliding al ong
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providing a nore reliable flapper nechanism Please
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430020] Referring to the exenplary
s&%%gggﬁgﬁ FIG. 3, the ends 32 of torsional pins
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more uniformly distributed over flapper 20. Moreover, the U-shape of horse shoe 45

prevents sliding along and/or sliding off the surface of flapper 20, thereby providing a more
reliable flapper mechaﬁism. Please note, however, those skilled in -the art having the
benefit of this disclosure realize a variety of designs may be utilized to. transfer the spring
torque fo flapper 20, such as, for example, actuation member 45 may be a “V” shaped

member or may consist of two individual tab members extending over the top of flapper

20.

o200  Referring to the exemplary embodiment of FIG. 3, the ends 32 of torsional
pins 22 are straight ends which insert inside hinges 16,18 and come together at the dotted
line 48, which denotes the middle of hinges 16,18. In the alternative, however, ends 32
may meet at an offset position along hinges 16,18, as, for example, denoted by dotted line

50. As such, if the alternative embodiment were employed, one end 32 would be longer



line 48, which denotes the m ddle of hinges 16,18. In

the alternative, however, ends 32 nay neet at an

of fset position along hinges 16,18, as, for exanple,

denoted by dotted Iine 50. As such, if the

alternative enbodi nent were enpl oyed, one end 32 would

be I onger 8 than the other end 32. Accordingly, the

use of extended torsional pins 22 in the present

invention alleviates the need for an individua

flapper pin as utilized in the prior art. [0021] The

exenpl ary enbodi ment of the present invention includes
herherrene 32qcgendingly, thewss obexiendedhisrsjonalpins 22 in the present

wel | bore, the valve assenbly conprising a flapper

kivereftoa|allevigiest theteed faren individusp@appenpimas, utifibed imtie pdok art.

conprising the steps of opening the flapper, the

val vemwoas s efiel exeraplagyrebiodiehes(ofi i wresgmdneontiaCintladds @nethod for

menber adapted to actuate the flapper into a closed

fovmting @ RalvegSeaibly inntOwdl bRl ivilvd £€ensily tddéhvising a flapper hingedly

transferring the torque fromthe springs. to the
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menber._prevent th tuatiopn nmenb fromsliding alon

and/ 8.?22'0 £ ccPﬁiglgh, gﬁgtgalp?er mechamism ote tlile present imnvention nas a numiber
of advantages over the prior art. First, since the spring tabs to do not contact the flapper,
the stresses applied to the springs are minimized. Second, fhe actuation member more
uniformly distributes the load stresses over the flapper. Third, various embodiments of the
actuation member prevent the actuation member from sliding along and/or off the flapper,
further minimizing the stress applied to the springs. Moreover, the torsional pins
eliminated the necessity for the flapper pin of the prior art.

0023] Although various embodiments have been shown and described, the

invention is not so limited and will be understood to include all such modifications and
variations as wonld be apparent to one skilled in the art. For example, an altemative

embodiment of the present invention could be a valve which only utilizes the actuation

member and spring tabs, while still employing the prior art torsion and flapper pins.



further mnimzing the stress applied to the springs.
Moreover, the torsional pins elimnated the necessity
for the flapper pin of the prior art. [0023] Although
various enbodi nents have been shown and descri bed, the
invention is not. so limted and will be understood to
i nclude all such nodifications and variations as
woul d be apparent to one skilled in the art. For
exanpl e, an alternative enbodinment of the present

i nvention could be a valve which only utilizes the
actuation nenber and spring tabs, while still
depirdipglygthe fneention ov not td be restsétedhexaepd irf lighp pLthe pitatsed clfms and
Accordingly, the invention is not to be restricted
theoeptivalentd. i ght of the attached clains and their

equi valents. 10 CLAIMS WHAT IS CLAIMED I'S: 1. A valve
assenbly for use in a wellbore, the valve assenbly
conprising: a valve body; a flapper nount on the

val ve body; a flapper, a hinge used to rotate the
flapper in an opened or closed position;

10



a first and second torsional pin nmounted adjacent the
flapper nount, the first and second torsional pins
each conprising an end which extends into the hinge; a
first torsional spring nmounted around the first
torsional pin and a second torsional spring nounted
around the second torsional pin, the first and second
torsional springs each conprising a tab nenber
adj acent the hinge; and an actuation nmenber connected
to the first and second torsional pins and extendi ng
onto the flapper, the tab nenbers of the first and

- second torsional springs CEAlMScting the actuation
menber. 2. A valve assenbly as defined in claiml,
wherein the ends of the first and second torsiona
pi ns extending into the hinge term nate adj acent each

wiihens aiaavkEpggtion in a mddle of the hinge. 11 3. A
val ve assenbly as defined in claim1, wherein the ends

10f  t R&afvk bibmBIY GorI8S ANvelbOE ShOMNe a@%}eﬁfhlf&&h@ﬂﬁ%ﬁég into

the hinge term nate adj acent each other "at ation

of f sglapvd a mddle of the hinge. 4. A valve
assen%??iggﬁhefined in claiml, wherein the actuation

menmbgy | ves, or holes which mate with the
tab néﬁ%%ﬁgagfg%ﬁ%gag?s Yand second torsi onal springs.
5. /§¥§Jge assenbly as defined in claiml1, wherein the
act Uat o’ nenber is a "U

a hinge used to rotate the flapper in an opened or closed position;

a first and second torsional pin mounted adjacent the flapper mount, the first and
second torsional pins each comprising an end which extends into the hinge;

a first torsional spring mounted around the first torsional pin and a secornd torsional
spring mounted around the second torsional pin, the first and second torsional
springs each comprising a tab member adjacent the hinge; and

an actuation member connected to the first and second torsional pins and extending

onto the flapper, the tab members of the first and second torsional springs

contacting the actuation member.
2. A valve assembly as defined in claim 1, wherein the ends of the first and second

torsional pins extending into the hinge terminate adjacent each other at a location in a

middle of the hinge.

11



shaped horse shoe. 6. A valve assenbly as defined in
claim1l, wherein the actuation nenber conprises a

first tab nmenber connected to the first torsional pin
and a second tab nenber connected to the second
torsional pin, the first and second tab nenbers
extending onto the flapper. 7. A valve assenbly for

use in a well bore, the valve assenbly conprising: a

val ve body; a flapper nount on the val ve body, a
flapper; a hinge used to rotate the flapper; and a

first and second pin nounted adjacent the flapper

JrountA valtvecasédmbdy asadefinsd ooeladmpl, vehereirathle eadsgtthe fisgarmminsecond
end which extends into the hinge, the ends term nating
tadjonsl pids &eRling 6 thekinge fe@@inite afjacthOgh bliRr B \Beation Dffset
8. A valve assenbly as defined in claim7, the valve

thont & RetdlcCoPRMisgeNg: a first spring mounted adjacent

the first pin and a second spring nounted adj acent

the second pin, the first and second springs each
conprising a tab nenber; and an actuation nenber

4ext eﬁds}a agsr&n%la} %edeii}lépﬁecﬁmm lh %vh%z%ﬂx (ﬂ? Eg'ﬁ%t%{] . aetnlblale comprise

first a sec springs contacti ng
gH;%Ug or holes which mate with the tab members of the first and second torsional springs.

5. A valve assembly as defined in claim 1, wherein the actuation member is a “U”
shaped horse shoe.
6. A valve assembly as defined in claim 1, wherein the actuation member comprises a

first tab member connected to the first torsional pin and a second tab member connected to

the secand torsional pin, the first and second tab members extending onto the flapper.

7. A valve assembly for use in a wellbore, the valve assembly comprising:
.a valve body;
a flapper mount on the valve body;
a flapper;
a hinge used to rotate the flapper; and
a»ﬁrst and second pin mounted adjacent the flapper mount, the first and second pins
each comprising an end which extends into the hinge, the ends terminating

adjacent each other at a location along the hinge.

12



9. A valve assenbly as defined in claim8, wherein the
actuation nenber conprises a first tab nenber
connected to the first pin and a second tab nenber
connected to the second pin, the first and second tab
menbers extending onto the flapper. 10. A val ve.
assenbly for use in a well bore, the valve assenbly
conprising: a valve body-, a flapper nount on the
val ve body; a flapper; a hinge used to rotate the
flapper, a first and second pin nounted to the val ve
adj acent the flapper nount; a first spring nounted
#@dj adewdlvetabemiblyras defried in¢laime?, shecalve fisthert dcogiprisiogt ed
adj acent the second pin, the first and second springs
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act uat isgcg)mgg,\fnglgs:/ceon%gt?@q?% %cé%g?@w%{)érbor e, the valve

assenbl SI I'ngedly attached to a
fl apper nount, the nmethod conprising the steps

9. A valve assembly as defined in claim 8, wherein the actuation member comprises a
first tab member connected to the first pin and a second tab member connected to the

second pin, the first and second tab members extending onto the flapper.

10. .A.valve. assembly for use in a wellbore, the valve assembly comprising:
a valve body; |
a flapper mount on the valve body;
a flapper;
a hinge used to rotate the flapper;
a first and second pin mounted to the valve adjacent the flapper mount;
a first spring mounted adjacent the first pin and a second spring mounted adjacent
the second pin, the first and second springs each comprising a tab member; and
an actuation member extending onto the flapper, the tab members of the first and

second springs contacting the actuation member.
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of (a) opening the flapper, the valve assenbly
conprising springs and an actuation nenber adapted to
actuate the flapper into a closed position; (b)
generating torque in the springs; (c) transferring the
torque fromthe springs to the actuation nenber, the
actuation nenber being in contact with the fl apper;

(c) transferring the torque fromthe actuati on nmenber

to the flapper; and (d) closing the flapper. 14

11. A valve assembly as defined in claim 10, wherein the first and second pins each

comprise an end which extends into the hinge.

12. A method for actuating a valve assembly in a wellbore, the valve assembly
comprising a flapper hingedly attached to a flapper mount, the method comprising the steps
of:
(a) opening the flapper, the valve assembly comprising éprings and an
actuation member adapted to actuate the flapper into a closed position;
(b)  generating torque in the springs;
(c) transferring the torque from the springs to the actuation member, the
actuation member being in contact with the flapper;

(c) transferring the torque from the actuation member to the flapper; and

(d) closing the flapper.
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