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BACKGROUND OF THE INVENTION

Subsurface safety valves are well known in the art. They are used in a well,
such as an oil or gas well, to provide a safety shut off in the event of a well failure. A
subsurface safety valve is typically installed in a production tubing string and run
downbhole into the well. The valve is typically a normally-closed valve, in that the valve
automatically shuts under default conditions, such as when the hydraulic control fluid
to the valve is interrupted. When shut, the safety valve does not allow contents from
below the safety valve, such as production fluids, to continue flowing to the surface of

the well. Uncontrolled flowing production fluid, such as gas or other hydrocarbons,



envi ronnental danage in the event of a well failure.

Referring to Fig. 1, typically, a valve el enent, such
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A subsurface safety valve with a spring housing containing a flapper mount,
hard seat and a sealing component is typically manufactured in several pieces. The
spring housing usually forms one piece, and it contains the flow tube with an upwardly
biasing spring, and an adjacent piston. The flapper mount, which includes the flapper
and hinge, and a sealing component, generally form one or more other pieces. The
flapper mount attaches to the lower end of the spring housing through a variety of
connection methods, usually a threaded connection, which screw together. The sealing
component is usually trapped between the hard seat and the flapper mount. When the

flapper is closed, the outer perimeter of the flapper presses against an annular opening



2 of the main bore of the safety valve to seal the

wel | . The contact area between the flapper and the
mai n bore of the safety valve usually conprises both a
"hard seat,” which is a netal-to-netal contact
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eliminate the leakage paths through these connections and the interaction (or stack up)
of the tolerances between the flapper mount, hard seat and the spring housing is to
integrate the flapper mount, hard seat and spring housing designs creating one piece.
Removing the connection between the flapper mount, hard seat and the spring housing

increases the reliability of the seal by removing multiple leak paths and eliminates the

interaction of tolerances between the individual components and the flapper design.

SUMMARY OF THE INVENTION

The apparatus of the present invention integrates the flapper mount, the hard
seat and the spring housing into a single assembly. To accommodate a “soft seat” in

the assembly, a special retainer ring and soft seat seal are provided. The soft seat seal



the assenbly, a special retainer ring and soft seat
seal are provided. The soft seat seal 3 preferably
fits over a conical protruding surface that surrounds
the main bore of the safety valve at the bottom of
the spring housing (hard seat). The retainer ring
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closes, reducing compression of the seal and the risk of a compression set due to
repeated openings and closings of the flapper.

The apparatus of the present invention further includes a method of sealing the
central bore of productioﬂ tubing against fluid flowing from a wellbore towards the
surface. The disclosed method comprises the step of attaching a safety valve assembly
to the production tubing, the safety valve assembly comprising a spring housing having
a lower portion that exhibits a generally conical shape, a non-metallic sealing ring
concentrically located around the generally conically-shaped portion of the spring

housing, a retainer ring adapted to retain the non-metallic sealing ring around the

generally conically-shaped portion of the spring housing, and a flapper connected to the
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concentrically |l ocated around the generally
coni cal | y-shaped portion of the spring housing, a
retainer ring adapted to retain the non-netallic
sealing ring around the generally conically-shaped
portion of the spring housing, and a flapper connected
to the 4 |ower Eortlon of the spring housing, the
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FIG. 2 is a sectional view of an exemplary embodiment of a typical subsurface

safety valve with integrated flapper mount, hard seat, and soft seat seal with tabbed
retaining ring.

FIG. 3 is another sectional view of an exemplary embodiment of a typical
subsurface safety valve with integrated flapper mount, hard seat and soft seat seal with
tabbed retaining ring.

FIG. 4 is an isometric assembled view of an exemplary embodiment of a typical
subsurface safety valve with integrated flapper mount, hard seat, and soft seat seal.

FIG. 5 is an isometric exploded view of an exemplary embodiment of a typical
subsurface safety valve with integrated flapper mount, hard seat and soft seat seal with
tabbed soft seal retaining ring showing either roll pins or set screws to restrain further

movement of the retainer ring upon assembly.



FIG 5 is an isonetric exploded view of an exenplary
enbodi nent of a typical subsurface safety valve with
integrated flapper nmount, hard seat and soft seat seal
with tabbed soft seal retaining ring show ng either
roll pins or set screws to restrain further novenent
of the retainer ring upon assenbly. 5 DETAILED _
DESCRI PTION Referring in particular to Fig. 2, flapper
10 nmounts to hinge posts 20 that protrude fromthe
bott om of the spri nBETWUED PgSGOPBONt hat t he fl apper 10
becones part of the spring housing 30. A conical
surRefaeingriaapdrtiadar ®edig 24 (lappewll Qrihgurdsite dumgdi popts 20 cthat
mai n bore 50 of the safety val ve and protruding from
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netal -to-netal contact surface 60 with the flapper 10
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housi ng 30 by a _retainer ring 80. w.referring to
houipg 30edgeates et torpgalogppget ﬁﬁw & Wftﬁéﬁ? eppgh0 wheythe
80 contain tabs 90 that fit into mating slots 100
flapped 1@ inrthe closes! pesitiannas shewe ih thesfigwge. 30, norheetah sepling ring
insert into the mating slots 100, and, when the
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adjacent to the mating slots 100 to prevent the
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frominadvertently rotating back off of the houg_i ng
1003end, Trheny the setaiaer Fing §0do rel@iedaplids inkq grogves 110 adjacent to the

“castellations" 140 that facilitate rotation by an )
matingsdatt 160 toprevomsithe retdingring§0 from slipping off of the spring housing

30. Two roll pins or set screws 120 insert into two holes 130 on the outer, annular
surface of the spring housing 30 and protrude into the groove 110 on each side of at
least one tab 90 to immobilize it within the groove 110 to prevent the retainer ring 80
from inadvertently rotating back off of the housing 30. The retainer ring 80 containg
slots “castellations” 140 that facilitate rotation by an installation tool (not shown)
during assembly.

Referring to Fig. 2, in one embodiment, the soft seat seal 70 fits around the
outer side of the conical surface 40 and has a flanged upper end 150 that contacts the
bottom side of the spring housing 30 when the seal is pushed up the conical surface 40

by the closing of the flapper 10. The flanged end 150 fits inside a circular, milled slot



during assenbly. Referring to Fig. 2, in one

enbodi nent, the soft seat seal 70 fits around the
outer side of the conical surface 40 and has a fl anged
upper end 150 that contacts the bottom side of the
spring housing 30 when the seal is pushed up the

coni cal surface 4 the closin e fl .
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conpressing the seal. The soft seat seal 70 materi al
allostsrtb¢ edft seasedlt70stoi ew upwvarle witheut ¢ampressgignie deanmekhsr soft
of the conical surface 40, building up energy within
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con|cal f toits orlglnal position. During

€n eﬁ@orgg m Eh (} %eg?rg‘l gesl"ls?,é%ellg eSgSaSBHSICl# %1‘96 sotfpgea’? 8&1& 7%etgtmove
al on the coni cal surface O and dqes not et d

back iyl thcomrAh sEaseqt) tonky oging AR lgr@gtopgﬁ% a5 o of
ri sk of a conpression set due to repeated openi ngs and
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2 and 5, the soft seat seal 10 al so contai ns one or
the pmieal surface 40 and does not get damaged due to compression. Nor is the soft

seat seal 70 at risk of a compression set due to repeated openings and closings of the
flapper 10.

Referring now to Figures 2 and 5, the soft seat seal 10 also contains one or more
notches 180 along the perimeter of the upper flanged end 150 of the seal 70. When the
flapper 10 closes and the soft seat seal 70 is pushed up the conical surface 40, if the gap
170 did not exist between the bottom of the spring housing 30 and the upper flanged
end 150 of the soft seat seal 70, the upper flanged end 150 would tend to buckle,
thereby opening a gap where gases, such as nitrogen, may get trapped between. When
the gas pressures are rapidly‘bled from below the closed flapper 10 the gases trapped

between spring housing 30 and the upper flanged end 150 of the soft seat seal 70 would



not ches 180 al ong the perineter of the upper flanged
end 150 of the seal 70. When the flapper 10 cl oses
and the soft seat seal 70 is pushed up the conica
surface 40, if the gap 170 did not exist between the
bottom of the spring housing 30 and the upper flanged
end 150 of the soft seat seal 70, the upper flanged
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where gases, such as nitrogen, may get trapped
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WHAT IS CLAIMED I S: 1. A subsurface safety valve
apparatus, the apparatus conprising: a spring housing
conprising first and second ends, wherein at |east a
portion of the second end exhibits a generally

coni cal shape; a non-netallic sealing ring

concentrically | ocated around the generally
Wﬂé’ﬁ‘i@eﬂl&“ﬂﬁdﬁ[ﬁi portion of the second end of the
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operable to rotate ?vveen an open and cl osed
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ousl 1 SeS a one COI’]

benea@ﬁbﬂ@eﬁfanﬂewd/p@gndnhe flanged end of the
non-netallic sealing ring. 5. The subsurface safety

val ve apparatus of claim1l, wherein the retainer ring
2. corhe subsurface safely vahee appsratss of ielaimy bswhprgweﬂyam@wletalhc

Seal;{r%ﬁ%%%%q%s%%gﬁﬁ%eﬂ ﬂl m 5, wherein the second end of

ousi’ng conprises at |east one groove
operable to receive the at | east one tab of the

3. I etPid¥Rbsurfae8 safety valve apparatus of claim 2, wherein the flanged end of the

non-metallic sealing ring further comprises at least one notch.

4, The subsurface safety valve apparatus of claim 2, wherein the second end of the
spring housing comprises at least one concentric slot capable of receiving the flanged

end of the non-metallic sealing ring.

5. The subsurface safety valve apparatus of claim 1, wherein the retainer ring

comprises at least one tab.

6. The subsurface safety valve apparatus of claim 5, wherein the second end of the
spring housing comprises at least one groove operable to receive the at least one tab of

the retainer ring.

7. The subsurface safety valve apparatus of claim 6, wherein the groove is capable

of locking the retainer ring in position adjacent to the non-metallic sealing ring.



7. The subsurface safety val ve apparatus of claim®6
wherein the groove is capable of |ocking the retainer
ring in position adjacent to the non-netallic sealing
ring. 9 8. The subsurface safety val ve apparatus of
claim1, wherein the flapper seals against the
general ly conical |l y-shaped portion of the second_end

8. of The salisurfaee Fritlai vidve appirathe of sirimel .awhersins the) flapper seals
EJ ' I j L r :
s RSB0 S8 036% BORIL e Rep VP RRE nousing
and the got-ucbtalid sealing gihp whien tthertosedrpbsitivi.c seal i ng ri ng

is less than the longitudinal |length of the generally

coni cal | y-shaped portion of the second end of the . .
9. sprThey swsysiaeg safety, vatie appyaius fefcdaignfletWhepein fhe longitudinal

R, g Y1 T B0 i of e
genatallyreehighlly-shaped pomignrof g seyorst endedslie spriag hondug.

extendi ng through the at |east one hinge post. 11. A
subsurface safety val ve apparatus, the apparatus

10.conphe sybsyriace sty glvis apBRtals < rRkims Y nyhereingthe gefginer ring is
. i | rii
furEEROEed 1Py R ch B i RRim GpIRE IR ol by B Mrow
extarlihg thepughnige stdesseond hingd post.l ocat ed around t he
generally conically-shaped portion of the second end
of the spring housing, wherein the |ongitudina
11.| endytsHberfacpgafety yalysapparaies.She ppRMAtS sRIIRTESINMESS t han

t he ' 4 nal t . .
oy L 8 S GBS0 g o porion o
the s@ond gndh extsibinga gerrralbta@hival shapeyg adapted to retain the
o canrpeiafiicy sanlisby g LoRpiialk  Bisatianarognd g generally
LI US 0 f C ik n
corll 8050, 5 hoBRERICHROST 0 LgTapaaggndngct o
longietdirz hermth opthe renenethibicedalprgsting tsnlesst then thedppgitudinal length

of t{lg rgén%?z{llyo&%rc% )lz-ghetlp%d portion of the second end of the spring housing.,

a retainer ring adapted to retain the non-metallic sealing ring around the
generally conically-shaped portion of the second end of the spring housing;

a flapper connected to the second end of the spring housing, the flapper
.operable to rotate between an open and closéd position, the flapper further operable to
seal against the generally conically-shaped portion of the second end of the spring

housing and the non-metallic sealing ring when the flapper is in the closed position.

12.  The subsurface safety valve apparatus of claim 11, wherein the non-metallic
sealing ring comprises a flanged end, the flanged end further comprising at least one

notch.

13.  The subsurface safety valve apparatus of claim 12, wherein the second end of
the spring housing comprises at least one concentric slot capable of receiving the

flanged end of the non-metallic sealing ring.
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seal against the generally conically-shaped portion of
the second end of the spring housing and the
non-nmetallic sealing ring when the flapper is in the
cl osed position. 12. The subsurface safety val ve
apparatus of claim11l, wherein the non-netallic

sealing ring conprises a flanged end the flanged end
14. f urFheesubswiasei ssfaiy vatvel @@altatt@nef claigt df, whereinrfh retainer ring

o %#B&Hhﬁ&ﬁ?oﬁséﬁty val ve apparatus of claim12, wherein
i second en the spring housing conprises at
| east one concentric slot capable of receiving the

15. T | angedbsithcalsatehevilona p?d:@dub o€ chaal i4n eheteitgthelRedidl end of
The subsurface safety val ve apparatus of claim

the gpringionsing €omprisgsab ieash ong gr%wmnesaéée tprreeavsthe ahéaﬁt%e tab
of t&g retljﬁgr ﬁﬁg%rg cﬁfi’lf %¥ ré@nkf nﬁ Eﬁiﬁn Qhjatbidt! 18 tihé non-
sec e sp ousi ng
Inmﬁmmpéﬂﬁggnng I east one groove operable to receive the
at least one tab of the retainer ring thereby Iocking
the retainer ring in position_ adjacent to the no

16. netAmethodselaiepling ‘ihﬁﬁ@ntr@l@ormompﬁ%wafw@e&asﬁﬁstt flowing
frorf EQNIRLNBHERIPLPAE hOfctidl BipREAETS L U1 O

ore omar urface, the
rretdmduﬁg nipsafaty nglveahdsambiynty thesprbdtgtionafubmga steesdftty valve

to . the production tubing, the f et I enbl
f'é%%rcpepﬁ@m& SR ORI RAYIR AT WG Bori et pARbp etnerally
con{cgf‘ghr?g: z? Flbﬁ ﬁw@alﬂ@ Bk dhe &ﬁ@é&ﬁbal@hl%ﬁﬁed @round the generally

Ic sealing rrng fconcentri cal 'y 1ocated
conixatysshiapetl pogmnarf ahd springdwingng.| ayretaireep cidg pdantedio rgfant ﬂi@ non-

i ng,.housi n a.retainer_rin d t
metif S e, dioult] B bRk, S GTPRb BoBhots thd Spring
hougﬁagl &l d NapperastheBied td M 10k el BRSO 1hG sphiftBoudthg, afedlapper
| apper connected to the | ower portion of the spring

opetvblgﬁon*gtatqb@wwn@@pmen and closed position;
placing the safety valve assembly and the production tubing in a wellbore; and

closing the flapper such that the flapper seals against the generally co'nically-
shaped portion of the spring housing and the non-metallic sealing ring thereby
substantially preventing fluid from flowing from the wellbore towards the surface

through the central bore of the production tubing.

17.  The method of claim 16, wherein the non-metallic sealing ring of the safety
valve assembly further comprises a flanged end, the flanged end further comprising at

least one notch.

18.  The method of claim 17, wherein the lower end of the spring housing of the
safety valve assembly further comprises at least one concentric slot capable of

receiving the flanged end of the non-metallic sealing ring.

19.  The method of claim 18 further comprising the step of providing a gap between
the flanged end of the non-metallic sealing ring and the at least one concentric slot of

the lower end of the spring housing.
11



operable to rotate between an open and cl osed

position; placing the safety val ve assenbly and the

production tubing in a wellbore; and closing the

fl apper such that the flapper seal s against the

general ly conically- shaped portion of the spring

housi ng and the non-netallic sealing ring thereby

substantially preventing fluid fromflowing fromthe

wel | bore towards the surface through the central bore

of the production tubing. 17. The nethod of cl ai m 16,
20.WheTled methbé ofl chrimdi6a wherirs thal retaimer ring of thet daety et pssembly

al ve assenhly further ri ses .aflanged,end, t
M%%W&Mséﬁg‘q%ﬁ‘ PP 2D gL PRAFHE G Of PR YIng hOUR B bhfhe safety
valvSassdiiBly RIHRG chptdediallchés o808V opbi@ble Q¥aECeRItR at least

the spri'ng housing of the safety valve assenbly .
oneftab phigre retumr ringshereby bwkingdhe rafaineraiing incposition adiasean| te the
of eceiving the flanged end of the non-netallic
no%ﬂ%ﬁ#ﬁﬁfeﬂﬁﬁﬂ&mﬁg. The method of claim 18 further
conprising the step of providing a gap between the
flanged end of the non-netallic sealing ring and the
at | east one concentric slot of the [ower end of the
spring housing. 11 20. The method of claim 16, wherein
the retainer ring of the safety val ve assenbly
further conprises at |east one tab, and the | ower end
of the spring housing of the safety valve assenbly
further conprises at | east one groove operable to
receive the at | east -one tab of the retainer ring
thereby | ocking the retainer ring in position adjacent
to the non-netallic sealing ring. 12
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