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FLAPPER VALVE WITH BIASING FLAPPER CLOSURE ASSEMBLY
TECHNICAL FIELD OF THE INVENTION

Thie invention relates in general to flapper type valves and, in particular, to a
flapper type valve that includes a fiapper closure plate for controlling fluid flow
therethrough that is biased into sealing engagement with the flapper seat by a
flapper closure assembly that pushes on the back face of the flapper elosure plate.

- BACKGROUND OF THE INVENTION

Without limiting the ecope of the invention, the background will describe
surface controlled, subsurfece safety valves, as an example.

Surface controlled, subsurface safety valves are opmmonly used to shut in oil
and gas wells in the event of a failure or hazardous condition at the well surface.
Such safety valves are typically fitted into the production tubing and operate to block
the flow of formetion fluid upwardly therethrough. The subsurface safety valve
~provides automatic shutoff of prodUction flow in response to a variety of out of range
's'éifety oonditiens thet can be serlsed or indicated at the sUrface For example, the
safety condltlons mclude a f‘ ire on the platform, a hlgh or low flow line temperature or
pressure oondltlon or operator overrlde i

Durmg ._produ.ctlon, the subsurface safety valve is typically held open by the
applicetien' of hydraulic fluid pre'eeure conducted to the subsurface safet_y-valve
_ 'thr_Ough art auxiliary control conduit which extends along the tubing -stri_ng:WE_thi_rt the
annulus betweeh t’he’ tubing and the well casing. Flapper type eu_bs_urface safety
'vel\_/.e.s. utilize ‘a closure p'lateIIWhtc.h_ is _eetuated | by longitudinal meveme'nt of a
hydraulically actuated, tubular piston. The flapper valve closure plate is maintained
in the valve epeh position by an eperator tube which is extended by the applieatidn

- of hydraulic p‘fess_ufe onto the piston. A pump at the surface pressurizes a reservoir
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which delivers regulated hydraulic control pressure through the control conduit.
Hydraulic fluid is pumped into a variable volume pressure chamber and acts against
the crown of the piston. When, for example, the production fluid pressure rises
above or falls below a preset level, the control pressure is relieved such that the
'piston and operator tube are retracted to the valve closed positlon by a return spring.
T.he flapper plate is then rotated to the valve closed position by a torsion spring or
tension member.

It has been found, however, that in tight safety valve applications having a
large inner diameter -and a small outer diameter, typical torsion sprlng_or tension
member designs provide insufficient bias or closure force to lift the flapper plate to
the closed position. | In the case of a torslon spring, ‘the size and therefore the
closure force of the torsion spring are limited by the space available to.hou'se the
. torsional spring. In _the case of a tension member, closure fcrce is limited .by length

.' c'f the lever arm be‘twee'n' the hinge- pin of the flapper pla'te and the-‘ lccatlon where in

, the tensron member ls attached to the lmkage that extends from the hmge in the
g dlrectlon opposrte of the ﬂapper plate |

: _Therefore, a ne,ed has arisen for a flapper valve that has sufficient bias or

- closure force.to litt the' ﬂ’apper.plate lnto the closed position in .tlght appli'cations. A

need has also arisen for such a ﬂapper valve the can produce the requ1red closure _

- force wrthout mcreasmg the space avallable for a spnng wrthm the ﬂapper valve A

'-need has further arisen for such a ﬂapper valve that can take advantage of a longer |

lever arm to exert a greater closure force to the flapper plate.
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SUMMARY OF THE INVENTION

The present invention disclosed herein comprises a flapper valve assembly
that has sufficient closure force to move the flapper closure plate to the closed
position in tight applications. The flapper valve assembly disclosed herein produces
the required closure force without the need for increasing the size of the spring
within the flapper valve. The flapper valve assembly of the present invention utilizes
a longer lever arm to exert an increased closure force to the flapper plate.

The flapper valve assembly of the present invention comprises a tubular valve
housing having a hinge and a |ongltudinal hole. A valve seat is mounted within the
housing. The valve seat has a valve seat sealing surface and defines a flow
passage _therethrough. A flapper closure plate is r'otatable about the hinge between
a valve .o'pen position and a valve closed position. In the valve open position, the
flapper closure plate is removed from the valve seat. In the valve closed position the
- sealing suiface of the ﬂapper closure plate sealrngly engages the valve seat seallng

-_ ._ surt’ace for preventlng ﬂow through the ﬂow passage
| The ﬂapper cIosure plate has a notch on the srde opposrte the sealmg surface. -
| -of the ﬂapper closure plate that is spaced a dlstance from the prOt point of the
hlnge A ﬂapper closure assembly blases the -ﬂapper closure plate toward-the
- closed posrtron The ﬂapper closure assembly rncludes a sprlng that is mounted
.__W|thrn the longrtudrnal hole and a connectron member that is operably coupled to the a
spnng and engages the notch such that when the flapper cl_osur_e plate is mo.ved
toward the open position, the spring is compressed causing the connection me'.mber

to urge the -ﬂapper closure plate toward the closed _posltio.n. The distance t)etween

the notch and the hinge provides a moment arm sufficient for the flapper closure



-4-

assembly to bias the flapper ctesure plate from the open position to the closed
position which may be about 90 degrees.

The flapper closure assembly may include a piston member that is at least
partially disposed within the hole. The piston member couples the spring to the
connection member. The connection member may be rotatably coupled to the
piston member and may be rotatably received within the notch of the flapper closure
plate. The connection member may have an arcuate shape such 'that the'
connection member exerts a moment on the flapper closure plate when the flapper
closure plate is in the open position.

In one embodiment of the present invention, the. flapper valve assembly may
-.be_' incorporated into a Subsurfat:e safety valve thet is adapted to'be placed in a well
tubing string to control flow theretnrp_ugh. 't'he subsurface safety valve comprises a

| valve housing having a bore therethrdugh, a hinge and a longitudinal hole. A flapper
' 'clo’s'tjre plete is mounted' within the .bo're'and is rotatable ebout-tne hinge . The
ﬂapper closure plate is movable between an open posntlon and a closed position.

" The ﬂapper closure plate has a sealmg surface on one sxde and a notch on the
opposnte side. An operator is movably disposed wnthln the bore for controlhng
movement of the flapper closure plate from the closed position to the open position.
A flapper qlosure__ assembly biages tne flapper closure plate toward the closed
posifion.  The flapper closiire assembly includes a spring _rhduiht'ed‘ within the
'. longitudinal hole and a connection mem'bet that is operably coupled to .the spring
and that engages the notch such that when the flapper closure plate is mpved
towar‘d'.the open position, the spring is compressed causing the connection member

to urge the flapper closure plate toward the closed position. A valve seat is disposed
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within the valve housing. The valve seat has a sealing surface such that when the
subsurface safety valve is in the closed position, the sealing surface of the flapper
closure plate sealingly engaging the sealing surface of the valve seat.
BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention, including its
features and advantages, reference is now made to the detailed description of the
invention, taken in conjunction with the accompanying drawings of which:

Figure 1 is a schematic illustration of an offshore oil or gas production |
platform operating a subsurface safety valve of the present invention;

Figures 2A-2B are half sectional views of a subsurface safety valve of the
present invention in the vélve open ﬁosition;

Figures 3A-3B are half sectional views of a subsurface safety valve of the
present invention in the val_ve closed position;

Fjgure-4. is a half sectional view of a flapper valve assembly of lh‘é_ present
invention in the valve open p‘_o_éiﬁoh; | o o o

Figure 5 is a half sectional .view of a flapper valve aséembly of the present
~ invention in the valve closed position;

Fig.ure Gis a top Viéw of a flapper closure plate of a flapper valve assembly of '
fh'e_ present iﬁvent_iqn;' | | |

| Figure 7 us a pe'fébectivé vi’eﬁ of a ﬁa‘pper closure plate of a flapper valve

"assembly of the present invention; o |
Figure 8 is a plan view of a flapper closﬁre plate of a flapper valve assembly

of the present invention;
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Figure 9 is a perspective view of a connection member of a flapper valve
assembly of the present invention;

Figure 10 is a half sectional view of a flapper valve assembly of the present
invention in the valve open position; and

Figure 11 is a half sectional view of a flapper valve assembly of the present
invention in the valve closed position.

DETAILED DESCRIPTION OF THE IN\{ENTION

While the making and using of various embodiments of the present invention
is discussed in detail below, it should be appreciated that the present invention
provides _' m‘a_nyiapplicable inventive concepts which can be embodied in a wide
variety of specific contexts. The specific embodiments discussed herein are merely
ilustrative of specific ways to make and use the invention, and do not delimit the
scope of the invention.

| -'Refe:rring' to :'t* gure 1 a subsurface safety valve in use with an dffshoré oil --and

| - gas productlon platfon'n is schematlcally lllustrated and generally deS|gnated 10 A
| .seml-submers1ble platform 12 is centered over a submerged orl and gas formatlon
14 located below sea ﬂoor 16 Welthead 18 is Iocated on deck 20 of platform 12.

Well 22 extends through the sea.24 and penetr-ates -the various earth strata -|nclud|ng

o formatlon 14 to form wellbore 26 Dlsposed wrthm wellbore 26 is casmg 28. |

- Dlsposed wrthin casmg 28 and extendlng from wellhead 18 is productlon tubmg 30.
A palr of seal assembhes 32 34 prowde a seal between tubmg 30 and casmg 28 fo
prevent the flow of production fluids therebetween. During production, formation
" fuids enter _wellbdre 26 through perforatiens 36 of casing 28 and travel into tubing

30 through sand control device 38 to wellhead 18. Subsurface safety valve 40 is |
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located within the production tubing 30 and seals the wellhead 18 from formation 14
in the event of abnormal conditions. Subsurface safety valve 40 includes a flapper
valve closure plate thét, during production from formation 14, is maintained in the
valve open position by hydraulic control préssure received from a surface control
system 42 through a control conduit 44.
Referring n-ow to figures 2A, 2B, 3A and 3B, a subsurface safety valve 50 is

| illustrated. Safety valve 50 is connected directly in series with production tubing 30.
Hydraulic control pressure is conducted in communication with a longitudinal bore 52
formed in the sidewall of the top connector sub 54. Pressurized hydraulic fluid is
-delivered through the longitudinal bore 52 into an annular chamber 56 déﬁned by a
counterb'ofe-58 which |s in ,cbmr’nunication with an annular undercut 60_formed in the
sideWali of the top connector sub 54. An inner housing mandrel 62' is slidably
C6up|ed and sealed to the top .c-'qn'nector sub 54 by a slip union 64 and seal 66, with
the Und_e'réut' 60 ld'eﬁn_.ihg' an annulus between inner mandrel 6_2{aﬁd the sidewall of
| tbﬁ_coﬁrigc_’tb_r sub 54 B | |

R A piétor_i 68 is .r_é'..cgiyed in’ slidable, sealed engagemént against the internal
bofe of inner m'andré_l 62. _The u.n_de.rcut annulus 60 opens into a_p:iston-chamb_er 70
|n the ahnmus-'be.tween the internal bore of a _cbnﬁector sub. 72 and the external
surfa(;_:e lof piston 6_8;. The e_xter_nal_r_ad.ius of an upper sidewall piston section 74 is
;’_nééhihéd and réduéed. to define a radial clearance between piston 68 and
connector sub 72. An annular sloping surface 76 of piston 68 is act'.ed against by the
pressurized hydraulic fluid delivered through control conduit 44. In figures 2A-2B,

piston 68 is fully extended with the piston shoulder 78 engaging the top annular face
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80 of an operator tube 82 such that a return spring 84 is fully compressed and valve
50 is in the valve open position.

A flapper plate 86 is pivotally mounted onto a hinge sub 88 which is
threadably connected to the lower end of spring housing 90. A valve seat 92 is
confined within hinge sub 88. The lower end of safety valve 50 is connected to
production tubing 30 by a bottom sub connector 94. The bottom sub connector 94
has a counterbore 96 which defines a flapper valve chamber 98. Thus, the bottom
sub connector 94 forms a part of the flapper valve housing enclosure. Flapper .plate
86 pivots on hinge 100 and is biased about 90 degrees to the valve closed position
as shown in figures 3A-3B by ﬂapper valve closure assembly 102 housed partially
within hole 104-in tubing 30. In the valve open position as shown in ﬁgufes 2A-2B,
the bias force of ﬂapper valve closure assembly 102 is overcome and flapper pl.ate
86 is retained in the valve open position by operator tube 82 to permit formation fiuid
flow up through tubing 30. |

~ When an out of range condition occurs and subsurface safety valve 50 must
be .'opéra'ted from the valve open bositi.on to the valve closed positio'n,. hydraulic
p_réssute is released from conduit 44 such that return spring 84 acts_on the lower
end of 'piston 68 which 'frétracis operator tube 82 longitudinally through flapper valve
charﬁber_ 98. Flapper clos_ure _plat_e 86 will then rotate about 90 degrees through
chamber 98.in' response to the biéé- force of ﬂ'apper ’valve closure aséembly 102.

Referring now td-ﬁgures 4 and 5, a flapper valve assembly is depicted and
generally designated 110. Flapper valve assembly 110 includes a flapper closure
plate 86 that is bias to the closed position by flapper valve closure assembly 102. In

the illustrated embodiment, the sealing surfaces of flapper closure plate 86 and



-9-
valve seat 92 have mating spherical segments which are matched in curvature to
provide a metal-to-metal seal. it has been found that the use of metal-to-metal
contact between nesting spherical segments provides a continuous, positive seal
that is maintained completely around the spherical segment interface. |t should be
understood by those skilled in the art, however, that other flapper closure plate and
valve seat arrangements having other sealing surface configurations that are known
in the art are equally well-suited for use in the present invention, these arrangements
and configurations being contemplated and falling within the scope of the present
invention.

Flapper valve closure assembly 102 includes one or more compression
'springs 116, only one of which is shown, that are dispose_d within longitudinal hole
104. Flapper valve closure assembly 102 also ir'l_clud'es.a piston 118 that has
shoulder 120 which contacts compression spring 116 within longitudinal hole 104. A

' connectlon member 122 is coupled to plston 118 on the end opposite spnng ‘116

] wnth oouplmg 124 In the . lllustrated embodlment oonnectlon member 122 is -

N 'rotatably coupled to plston 118 On the end opposite couplmg 124 connectlon .
member 122 engages ﬂapper closure plate 86 as will be more fully dlscussed below
When ﬂapper valve assembly 110 is operated from the close posrtlon as
dep|cted in f igure 5 to the open positlon as deplcted in t" igure 4, operator tube 82 is
'extended downwardly through valve chamber 98 rotatlng ﬂapper closure plate 86
_'about 90 degrees As ﬂapper closure plate 86 rotates oompressron spnng 116 is
compressed due to the downward movement of connection member 122 and piston
118 thereby biasing flapper closure plate 86 toward the closed position. As flapper |

.closure plate 86 nears its fully open position, connection member 122 contacts
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counterbore 96 of flapper valve chamber 98. As such, connection member 122 acts
like a leaf spring and further biases flapper closure plate 86 toward the closed
position. This result is achieved due to the arcuate shape of connection member
122 which assures that a moment will be applied about hinge 100 even when flapper
closure plate 86 is in the fully opened position.

| Referring next to figures 6-8, therein is depicted various views of flapper
closure plate 86. Flapper closure plate 86 has a arcuate shaped face 126 which
receives operator tube 82 when flapper closure plate 86 is operated from the closed
position to the open position. Flapper closure plate 86 also includes a pair of hinge
members 128 through which a pin is inserted along axis 130 to couple hinge
.m"er'nbers 128 of flapper closure-plate- 86 with Ihin.ge 'lOO Flapper 'closure plate 86
distance 136 between axis 130 and axis 134 defines the length of the moment arm
used -to bias ﬂapper'-clo'sure plate 86 from the open pdSitioh fo the closed pO'Sltlon

. Dlstance 136 may be adjusted as necessary dependrng upon the srze and welght of

o 3ﬂapper closure plate 86

Referrlng now to f' gures 7 and 9, conne'ction member 122 is inserted' 'into
notch 132 of ﬂapper closure plate 86 Connectlon member 122 includes a parr of
pins 138, 140 that are received wnthm notch 132 and assure that connectlon
. member 122 does not become separated from ﬂapper closure plate 86 dunng .
ope_r_a_tlon. As e_xp_lalned al_)ove, nnectron-_memb_er 132 has,an arcua_te shape -
which allows conne'ction member 122 to act as a leaf spring and bias flapper closure
plate 86 toward the closed position when. flapper closure plate 86 is in its fully open

position.
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Referring now to figures 10 and 11, a flapper valve assembly is depicted and
gene'rally designated 150. Flapper valve assembly 150 includes a flapper cIosu're
plate 86 that is bias to the closed position by flapper valve.closure assembly 102.
Flapper valve closure assembly 102 includes a compression spring 154 that is
disposed within annular hole 152. Flapper valve closure assembly 102 also includes
a piston 156 that has sleeve 158 which contacts compression spring 154 within
annular hole 152. A connection member 122 is coupled to piston 156 on the end
opposite spring 154 with coupling 124. In the illustrated embodiment, connection
member 122 is rotatably coupled to piston 156. On the end opposite coupling 124,
connection member 122 engages flapper closure plate 86 as described above.

When ﬂapper valve assembly 150 is operated from the close position as
depicted in figure 11 to the open position as depicted in figure 10, operator tube 82
is extended.downwardly through valve chamber 98 rotating flapper closure'plate 86
about 90 degrees. As flapper closure plate 86 rotates, compr_eSSion- spring 154 is
c'or'hpres‘Sed due to the d.owr’\war'd_ movement of connection '-me,.mber 122 and pist'c}in
1_56 thefeby biasing ﬂapper closure plate 86 toward ihe'.closed pesition. As'ﬂapper
closure plate 86 nears its fully open pesition, connection member 122 contacts
CbUnterbore 96 of ﬂapper‘ valve chamber 98. As such, connection member 122 acts

like a leaf spring and.fUrther biases ﬂap‘per closure plate 86 toward fhe CIosed

-posrtlon ‘This result is achleved due to the arcuate shape of connection member

~ 122 which assures that a moment wm be applied about hinge 100 even when ﬂapper

closure plate 86 is in the fully opened.posmon.
While this invention has been described with a reference to illustrative

embodiments, this description is not intended to be construed in a limiting sense.
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Various modifications ana combinations of the illustrative embodiments as well as
other embodiments of the invention, will be apparent to persons skilled in the art
upon- reference to the description. It is, therefore, intended that the appended

claims encompass any such modifications or embodiments.

What is claimed is:
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1. A flapper valve assembly comprising: I {”illl ll/’![ ”!ll ll’l’ l/ I!'[

. a tubular valve houeing having a hinge and a hole;

a valve seat mounted within the housing having a valve seat sealing surface,
the valve seat defining a flow passage therethrough;

a flapper closure plate rotatably coupled to the hinge and rotatable between a
valve open position in which the flapper closure plate is removed from the valve seat
and a valve closed pesition in which a sealing surface of the flapper closure plate
sealingly engages the valve seat sealing surface for preventing ﬂ.ow through the flow

.passage; and

a flapper closure assembly biasing the flapper closure plate toward the closed
.posrtlon the flapper closure assembly including a spring mounted within the hole
and a oonne_ctlon member operably coupling the sprmg to the ﬂapper closure plate
such that when the flapper clesure plate is moved toward the open position, the
spring is comp're's__sed eausing- the connection member to urge. _th_e.ﬂapper closure

_plate 'tpw"ard_ 'the'. Clesed 'pesitiOn;. | o
2.  The ﬂapper valve .asserrrbly as recited in claim 1 'whereir\ the
connection member is rotatably recerved within a notch in the ﬂapper closure plate
3. The ﬂapper valve assembly as recrted in clarm 1 whereln the ﬂapper
_ valve closure assembly further compnses a plston member at least partlally
disposed within t_he hole, the p_lsto_n member coupl_mg the spring to the con.nectron
member. | | |

4, The flapper valve assembly as recited in claim 3 wherein the

connection member is rotatably coupled to the piston member.
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5. The flapper valve assembly as recited in claim 1 wherein the
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connection member further comprises a member having a arcuate shape such that
the conneétion member exerts a moment on the 'ﬂapper closure plate ‘when the
flapper closure plate is in the open position.

6. The flapper valve assembly as recited in claim 1 wherein the flapper
closure plate travels about 90 degrees between the closed position and the open
position.

7. The flapper valve assembly as recited in claim 1 wherein the distance
between the connection member on the flapper closure plate and the hinge provides
a moment arm sufficient for the ﬂapp'ér closure assembly to bias the flapper closure
plate from the open position to the closed position. |

8. A subsurface safety valve adapted to be placed in a well tubing string
to control flow therethrough comprising: |

é valve housing h_avin:g.a bore therethrough, a hinge and a Iong_itudinal h'ole-';'

a flapper closure plate mounted within the bore and rotéta’blé-.abo’ﬁt the hinge,
the ﬂa'p'pe'r closure plate 'mﬂvable between an open position and a closed positiOn,
| the ﬂ'ap'pe'r'closme plate having a sealing surface on one side and a notch on the
‘opposite 'sidé; |

an operator movably dispos_ed _WEthin the bore for controlling movement of the
flapper _c_loéure plate from the closed position to the. qpe_h position; |

' .a ﬂa’pper closure assembly biasing the ﬂapper closure plate. toward the closed
position, the flapper closufe assembly including a spring mounted within the
longitudinal hole and a connection member operably coupled to the spring and

engaging the notch such that when the flapper closure plate is moved toward the
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open position, the spring is compressed causing the connection member to urge the

flapper closure plate toward the closed position; and

a yalve seat disposed within the .valve housing, the valve seat having a
sealing surface, in the closed position, the sealing surface of the flapper closure
plate sealingly engaging the sealing surface of the valve seat.

9. The subsurface safety valve as recited in claim 8 wherein the

connection member is rotatably received within the notch of the flapper closure

| plate.

10. The subsurface safety valve as recited in claim 8 wherein the flapper
valve closure assembly further comprises a piston member at least partially

disposed within the hole, the piston member coupling the spring to the connection

~ member.

11. The subsurface safety valve as recited in claim 10 wherein the

- connection member is rotatably coupled to the piston member.

12. The subsurface safety valve as recited in claim 8 v_vh'erein._ the
@nh'ectibn mémber'furth'er comprises a member having a arcuate shape éu'éh that
the cqnne_ctioh membér exerts a moment-on the flapper closure plate when the
flapper closure plate is in the open position.

13. The subsurface safety _valve as recited in-claim 8 wher_ein the flapper

closure plate travels about 90 degrees between the closed position and the open

~_ position.

14. The flapper valve assembly as recited in claim 8 wherein the distance

between the notch and the hinge provides a moment arm sufficient for the flapper
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closure assembly to bias the flapper closure plate from the open position to the
_—

ORI O A

a tubular valve housing having a hinge and a longitudinal hole;

closed position.

- 15. A flapper valve assembly comprising:

a valve seat mounted within the housing having a valve seat sealing surface,
the valve seat deﬁning a flow passage therethrough;

a flapper closure plate rotatably coupled to the hinge and rotatable between
an open position and a closed position, the flapper closure plate having a valve seat
sealing surface on one side and a notch on the opposite side that is spaced a
distance from the hinge; and |

a. flapper closure éssembly biasing the flapper closure plate toward t_he closed
position, the fiapper closure assembly including a spring mounted within the
longitudinal hole, a piston at least partially disposed with the longitudinal hole and
operably coupled to the spring and a connection men‘iber rotatably coupled to the
: spring and rotatably e_ngagihg the notch such that when the flapper closure plate is
moved toward t'he-op_en' position, the spring is compfessed causing the connection
member to urge the flapper closure plate toward the closed position. -

16. The flapper valve assembly és recited in claim 15 wherein the
" connection member further comprises a member having a arcuate shape such that
the connection membér exerts a moment on the flapper closure plate when the
flapper closure plate is iﬁ the open position.

17.  The flapper valve assembly as recited in claim 15 wherein the flapper
closure plate travels about 90 degrees between the closed position and the open

position.
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18. The flapper valve assembly as recited in claim 15 wherein the distance
between the notch and the hinge provides a moment arm sufficient for the: flapper

closure assembly to bias the flapper closure plate from- the open position to the

closed position.

A



