EXTRUSI OM RESI STANT NOSE SEAL BACKGROUN D OF THE
| NVENTI ON Field of the Invention [0001] The invention

WO edoatieR49 0 devi ces and net hods for form ng a PCTUE2009/047405
seal within a bore between radially inner and outer
menbers. In particul ar aspects, the invention rel ates
to the design of a nose seal which creates a resilient
and robust seal against a substantially conical,
inwardl y-directed surface in a bore. Description of
the Related Art [0002] A nunber of tools and devices
that are used within a hydrocarbon production well bore

feature radial | y EXTRUSHMN-RESISTANTIMDSESBALar €
slidable with respect to one another. Exanples include

pi ston assenblies and sliding sleeve valves. Annul ar
el astoneric o-ring seals are commonly used to create a
fluid seal between the radially inner nmenber and that

outer menber . SUMEGUNE!EE THENTVENTIOR0S] The
present invent seal for

Field ‘_f)pmg megtiﬁ)'nm d seal within a bore between radially
I nner and outer nenbers and, in particular aspects,

10001} 6 BiigEion s @S e Barichs 260 relBRos forfp@npg adiuid-peal withina bore
nose seal is particularly suitable for use in high

between sadialieinagtand guteranpmbersir i pasticular aagectsnthe invention relates to
the design of a nose seal which creates a resilient and robust seal against a substantially
conical, inwardly-directed surface in a bore.

Description of the Related Art

[0002] A number of tools and devices that are used within a hydrocarbon production
wellbore feature radially inner and outer members that are slidable with respect to one
another. Examples include piston assemblies and sliding sleeve valves. Annular
elastomeric o-ring seals are commonly used to create a fluid seal between the radially

inner member and that outer member.

SUMMARY OF THE INVENTION

[0003] The present invention generally provides a nose seal for forming a fluid seal within
a bore between radially inner and outer members and, in particular aspects, forming a seal
against a substantially conical, inwardly-directed sealing surface in the bore. The nose
seal is particularly suitable for use in high pressure and high temperature conditions. Ina
preferred embodiment, the nose seal includes a deformable sealing ring, which canform a

resilient fluid seal with the sealing surface, and a substantially rigid, non-deformable



preferred enbodi nent, the nose seal includes a
def ormabl e sealing ring, which can forma resilient
wo bavdseenl with the sealing surface, and a  PCT/US2009/047405
substantially rigid, non-deformabl esealing ring, which
prevents or limts extrusion of the flexible sealing
ring in high tenperature and/or high pressure
envi ronments. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0004]
. The structure and operation of the invention will be
sealingging, r whigh praveats sirolaits exrusigrednibe flexiblee sealing ring in high
foll ow ng drawi ngs, which are illustrative thereof and
tempeeatureggamtiioc high pressompemdrirsnents. nunbered with |i ke
reference nunerals: [0005] Figure 1 is a side,
cross-sectional view of an exenplary piston portion of
a stepper valve, containing a nose seal constructed in

accor dance yirjep BESREAPATON BEHiE BRAWIRKE Fioure 2
is an isonetT _ prary nose seal _
o004 5554 i ahaSPaPAL ik larc Bl B8 5Ris e Wlspioodwi

the nose portion of the piston nenber within the
referepsestaothepioliowing drawings, wirich are illustfative shereiofand amorg which like

an enl arged cross-sectional view of the nose portion
compamawts aresmahbagedwith diké referdnddwummeralsundi ng bore.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI | VI ENTS

[0005][1gﬂ8|9&e HsHKie lerd SfseEforf vW&Mrﬁéﬁerﬁb@Wﬁisgﬁﬁgﬁgéﬂ of a stepper

In one enbodi nent, the piston assenbly 1

valve, ?rgﬁfgﬁﬂﬁg%ml é’eél REAREPQLEBY ?rq a%érlaiaﬂcg V\Illit?‘lt tﬂBpp%;erﬁt%R\?ention.

[0006] Figure 2 is an isometric view of an exemplary nose seal constructed in

accordance with the present invention.

[0007] Figure 3 is an enlarged cross-sectional view of the nose portion of the piston
member within the piston portion shown in Figure 1.

[0008] Figure 4 is an enlarged cross-sectional view of the nose portion now in sealing
contact with the surrounding bore.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0008] Figure 1 depicts an exemplary piston assembly 10. In one embodiment, the
piston assembly 10 is a piston assembly incorporated within a “stepper” type metering
valve of the type used to meter discrete increments of fluid, including both liquid and
gaseous fluids, into or out of a hydraulically-operated well tool. One such stepper valve is
the HCM-S series stepper valve which is available commercially from Baker Qil tools of
Houston, Texas. The piston assembly 10 includes a tubular housing 12 which defines a

longitudinal axial bore 14. The bore 14 includes an upper, enlarged-diameter portion 16
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val ve of the type used to neter discrete increnents of
fluid, including both liquid and gaseous fluids, into
w@eooonss2ed a hydraulically-operated well tool.PCESHOVMTI05
stepper valve is the HCM'S seri es stepper val ve which
is avail able commercially from Baker Ol tools of
Houst on, Texas. The piston assenbly 10 includes a
t ubul ar housi ng 12 which defines a | ongitudinal axi ai
bore 14. The bore 14 includes an upper,
and a owey; g@@;(ﬁﬁdaﬁi@{r@tepgwftbamSlgbaﬁgni@aﬁmaped inwardly-directed sealing
reduced- di aneter portion 18. A conicaily-shaped
surface Gisi formid betwekers dze iupges andalosve? portiohorBed SbeThedrore 14 is
the upper and | ower portions 16, 18. The bore 14 is

provided awinde duid infet 22fdrd & fluld eitied24and a fluid outlet 24.
[0010] A piston nenber 26 is noveably disposed with

[0010] eﬁ&ﬁ%ggrﬁ%ﬁm?gr E@H@ i’rﬂﬂ/e%lgw"&g%é%sré& \&@h YédHect W{ﬁe' iUshSy 12 within

I'S novea
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wi t hin the upper bore portion 16, which is depicted in
positiopthin the HRper berexortion 16 ghown N Figkee i ardan MppBEPOSion within
i ncludes a piston body 28 having an upstream axi al end
the upper bore pertilowhS twhielhisadepitted inl pBantoAminegsat 26 i Figufd Ui The piston
seals 34, of a type well known in the art, radially

memb&t26 MienigshepiBtiba Zﬁlﬁa\ﬂﬁ@bﬁﬁpstrbam@ﬂﬁlfemmand a downstream
portion 16 to provide fluid sealing between the body

axial er§ 32" %ﬁn‘ﬂ:?arl?ﬂflﬁ?/ﬁ&d sedl ro?ta'tgﬁb Bﬁen ﬁn@wﬁﬁﬁfﬁé’%@hﬁ&aﬁ@sumund

i's noved axia al ong t € upp ore portl

the boag‘i?sé;rgf céﬁ%rcgﬁfeeﬁp;?%db%%éo%@ﬁér@om@ &Q(\)n Qﬂlﬁ fﬁ]ﬂebetween the

32 of menb 26 IS shovvn in
body Zgoqg}qu @_‘eeam eﬁj gnno;;)era ion, tRIesptis(;;(gn mem er 26 is moved axially along the

upper bore portion 16 by pressure increases and decreases which act upon the upstream
end 30 of the piston member 26.

[0011] The downstream end 32 of the piston member 26 is shown in greater detail in
Figures 3 and 4. The downstream end 32 presents a nose portion 34 in which a reduced
diameter post 36 extends axially from the body 28. The nose portion 34 is the portion of
the piston member 26 that will form a seal with the sealing surface 20 of the bore 14. An
annular, axially-facing shoulder 38 surrounds the post 36. A threaded bore 40 is disposed
into the post 36.

[0012] Anexemplary nose seal, generally indicated at 42, is disposed radially around the
post 36 and upon the shoulder 38. A connector, such as screw 44, is then threaded into
the bore 40 to secure the nose seal 42 to the downstream end 32 of the piston member 26.

The nose seal 42 includes a substantially deformable sealing ring 46 and a substantially



Figures 3 and 4. The downstream end 32 presents a nose
portion 34 in which a reduced di aneter post 36 extends
wW@x00a1153249 r om t he body 28. The nose portion 34PCHUS1089/047405
portion of the piston nmenber 26 that will forma sea

with the sealing surface 20 of the bore 14. An
annul ar, axially-facing shoul der 38 surrounds the post
36. A threaded bore 40 is disposed into the post 36.
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t he shoul der 38. A connector such as screw 44, is
deformatda ring 46adde defoemable ringr46 has a iargecouter dismetes thasdhe rigid ring

42 to the downstreamend 32 of the piston nenber 26.
48. It Eheumestly pesferrdd@ that theléwo aingsbd6,a48 i abut yorde hnotieb) dn preferred
sealing ring 46 and a substantiallyrigid,

embodigRneE tiee BBfdrmabid gedthg ThE 48USSSrAdd af & Yeédh@' d’efbhﬂﬂble material
48 is relatively harder than the deformable ring 4

such ay]fl'ﬁ?ﬁﬁﬁ ?ﬂ% guﬁfdé%ngngfﬁi&mé@érggfh Ehﬁéblggﬁﬁri’; %f ,may be used.

than t cutren pr e

o B RS g ol R °493%%p@a4@érsgﬁ;%$§@atuanuy
of a readily deformable material such as PTF
deformakle yoateriat |gshoes IRFERdpolyabsotherkelong) mwg\mreother suitable

materials may be used. Also in preferred enbodi nments,
materialganay be disetndn apreferfedrerbiodiment thedigid ring Bﬁtmaseratmaygenerally
nondef or mabl e material, such as PEEK

tnangu]aimd:ry)eskebmﬁmidwémb@)sedrblw@mﬂh Figlireer3 and teRlith the radially outer
materials may be used. In a preferred enbodi nent, the

surfacé 50104 tid f:?@d‘l'ﬁ’lgm@ﬁﬁﬁ'ﬁﬁgoén SBORY Aldiy 58 WilkBle! BKis 54 of the bore 14. It

cross-section, as can be seen best in Figures

is prefdrd it e affhie sl dreRinae I LG8R % Rhidihe'deliflg spﬁgce 20 of the
bore 12 ?sr gisrl)g'seé. In addition, as can be seen from Figure 3, the outer radial surfaces
50, 56 of the rings 46, 48 preferably bow convexly outwardly.

[0013] The nose seal 42 functions to form a resilient fluid seal with the surrounding bore
14 of the housing 12. Figure 3 illustrates the piston member 26 in a position wherein the
nose seal 42 is not sealed against the sealing surface 20. Figure 4 depicts the piston
member 26 now in a position wherein it is at its furthest downward position within the bore
14 and in sealing contact with the sealing surface 20 of the bore 14. As illustrates, the
outer radial surface 56 of the flexible sealing ring 46 is pressed against the surrounding
sealing surface 20 and forms a fluid seal therewith. This resilient seal will form at relatively
low pressures and/or temperatures. In addition, the outer radial surface 50 of the rigid ring
48 is urged against the sealing surface 20. As pressure increases at the upstream axial

end 30 of the piston member 26, the nose seal 42 will be urged more tightly against the



is preferred that the angle 52 approxi mate the angle

at which the sealing surface 20 of the bore 14 is
waele@posed? | n addition, as can be seen from Fi BUF/ESBN9/047405

the outer radial surfaces 50, 56 of the rings 46, 48

preferably bow convexly outwardly. [001 3] The nose

seal 42 functions to forma resilient fluid seal with

the surrounding bore 14 of the housing 12. Figure 3

RN str e i ston e L 26 in osition where

sealing futacs 20 dn CaBNSiRRSUGERH BuICIgaY RYPEST (LI ACRGaIS 34 of the
surface 20. Figure 4 depicts the piston nenber 26 now

piston bady 28de iact uppm\tt‘@rflﬁmbletsealsmm 46+ $he nigiching 48 withblackl extrusion of
position within the bore 14 and in sealing contact

the flexiblersdah eing d8l pasy timgdading s2dfack 20endoduvendrdly™®ward the lower bore
illustrates, the outer radial surface 56 of the

portiorf §8xi bl e seal | ng ring 46 is pressed agai nst the
surroundi ng sealing surface 20 and forns a fluid seal

[0014]t her,t\qfﬂohgh tha' fiod §¥35{ Gt hSEPee (ljéstgn%ggldﬁére!;ﬁ Lgéﬁv\ﬁl H a piston

I éssur es an eratures
48 |1 s ur

radi al surfacge 50 of t idrin
assemBls h D3y 130 Slipd o Haeada Abel ABoYRABIA iglom Ty ddces which
at the upstream axial end 30 of the piston nenber 26,
incorpeniaée obereswhichupragents Besaaliggdsurface angia mpveghlenmember that is
theseal ing surface 20. In addition, pressurized fluid
slidablydispogpd wthimthecborel @neseadmpiads afslidimg sheeteoramdyd@ice. These
to act upon the flexible seal ring 46. The rigid ring

deviced Wilbé refelreakto @éhék@?%tl’ﬂaf claites &§ thi@v@aﬁlé%lstbhﬂﬂe\?ﬁ@e Those of

past the seal ing surface 20 and downward toward t
skill in {ngé’%ﬁ \Aﬂgr'é gé Eﬁ}ﬁ%réggﬁnﬁddd& C}Ib‘?l %dtéﬁ%@% ?nacs?@é made to the

exemp@qrg?ﬁ?ﬁ%&gdﬁnﬁ%@@qﬁ (lal ec%bfeg heréin alnrr:] tOttr’Eﬁé invention |s?m|ted only

by the claims that follow and any equivalents thereof.



i ncorporate a bore which presents a sealing surface
and a noveabl e nenber that is slidably disposed within
wo b@obhs2¢? One exanple is a sliding sl eeve val RET/U§2009/047405
devi ce. These devices will be referred to generally in
the clains as a "noveabl e pi ston" device. Those of
skill in the art wll recognize that numnerous
nodi fi cati ons and changes nmay be nade to the exenplary
desi gns and enbodi nents descri bed herein and that the
invention is linmted onl yChAMBe clains that follow
and any equi valents thereof. Wiat is clained is: 1. A
What isadainmelds: for formng a fluid seal with a sealing
surface within a bore, the nose seal conprising: a
substantially deformabl e nenber for formng a
resilient fluid seal against the sealing surface; and

1. g&é’%%@%\tfbf‘#&ﬁiﬁ ) aiefl, ddTFgQIe\X/%ﬁ 9 85 ﬁ;‘é@%rfﬁ?%. 'rﬁg toke, the nose

non or mabl € e

2. The nose seal of claim1 wherein the
seal C%’UBQ?'HHU ally defornmabl e nenber is substantially
fornmed of a polynmer material. 3. The nose seal of
@ sibstantialy defermatde pagpher fardersningla wesitient Sdid seal against the
pol ytetrafl uoroet hyl ene. 4. The nose seal of claiml
sealingwherfaca) anide substantially rigid nenber is
substantially fornmed of a polyner naterial.

a substantially rigid member to prevent extrusion of the substantially non-

deformable member within the bore.

2. The nose seal of claim 1 wherein the substantially deformable member is

substantially formed of a polymer material.

3. The nose seal of claim 2 wherein the polymer material comprises
polytetrafluoroethylene.
4. The nose seal of claim 1 wherein the substantially rigid member is substantially

formed of a polymer material.

5. The nose seal of claim 4 wherein the polymer material comprises

polyetheretherketone.



5. The nose seal of claim4 wherein the polyner

mat eri al conprises pol yet heretherketone. 6. The nose
w@eab/1824¢] ai m 1 wherein the substantially fl er¢DU82009/047405

menber and the substantially rigid nmenber are both

annul ar rings. 7. The nose seal of claim6 wherein the

substantially rigid ring presents a generally

triangul ar cross- secti on. 8. A noveabl e pi st on devi ce

npri si ous def| an axjal hore wh
6. 33@3%9&958%3 §35P %IEéR prlantalydedklie rnev@&s@yd the
di sposed within the bore and haV|ng a nose portion for
SUbgﬂ@@ﬁﬁ ogidigesher seabotyangiengngs.he seal i ng surface,
the nose portion conprising a nose seal conprising: a
substantially deformable ring to contact and create a
seal against the sealing surface; and a substantially

7. THe fbdd H6hllo? chiM GaheldIf tﬁ@%hbé‘t@nﬁﬂw AG8. rmgdprah@ﬁis a generally
extrusion of the substantially flexible ring past

: ce; the piston menber further being
tnangu?mﬁa\;éeﬁggggégﬁ%@een a position wherein the piston nenber

does not contact the sealing surface and a position

wherein the piston nenber does contact the sealing

surface, 9. The noveabl e piston device of claim8
8.  wnhew¥eablerisoniaviGe ¢RINPYSIBBT or mabl e

a housing defining an axial bore which presents a sealing surface;
a piston member moveably disposed within the bore and having a nose portion
for contacting and sealing against the sealing surface, the nose portion comprising a
nose seal comprising:
a substantially deformable ring to contact and create a seal against the
sealing surface; and
a substantially rigid ring to contact the sealing surface and block extrusion
of the substantially flexible ring past the sealing surface;
the piston member further being moveable between a position wherein the piston
member does not contact the sealing surface and a position wherein the piston member

does contact the sealing surface.

9. The moveable piston device of claim 8 wherein the substantially deformable

member is substantially formed of a polymer material.



menber is substantially formed of a pol yner
materi al . 10. The noveabl e piston device of claim?9
wob@pasi24e he pol ymer material form ng the subseerUszbd/§47405

def or mabl e menber conpri ses pol ytetrafl uoroet hyl ene.

11. The noveabl e piston device of claim8 wherein the

substantially rigid nenber is substantially forned of

a polymer material. 12. The noveabl e pi ston device of

aim1l wherein the polyner materjal formng the, )

10. g{hgsmgﬁgqilgﬁR}Stppéje‘qugeq}&;g@lnbgﬁﬂ’]ﬂrg@sthe polymer material forming the

pol yet her et her ket one. 13. The noveabl e pi ston device
substagptiady defordabteemenmbeartcorsprisssapalytatrafiudioetivére.r i ng and

the substantially rigid ring are secured to the piston

menber by a threaded connector. 14. A nethod of

formng a fluid seal between a sealing surface in a

11. h%%é@é’alﬂe?ﬂis%ﬁ N RIES ¢l in&hérFr?l tﬁ@%‘ﬁb%félmi"ailf iripﬂi member is
af tTon

the steps of: fixing a nose seal to a nose po

. ISt , ose seal having a
Swsm@h%@@rﬁﬁeglcﬁ% EF&B%I%&?FEF?G for creating a fluid seal
agai nst the sealing surface and a substantially rigid
ring for contacting the sealing surface; contacting
the sealing surface with the nose portion so that the
12.  dhesnaveabie pjstar devieemfclaimy! whergindhe pelvineemiaterial forming
agai nst the sealing surface; and bl ocki ng extrusion of
the substantallysigid merhbgr dehprised pelyethegethieriketohe.
substantially rigid ring.
13.  The moveable piston device of claim 8 wherein the substantially flexible ring and

the substantially rigid ring are secured to the piston member by a threaded connector.

14. A method of forming a fluid seal between a sealing surface in a bore and a
piston member within the bore comprising the steps of:

affixing a nose seal to a nose portion of the piston member, the nose seal having
a substantially flexible ring for creating a fluid seal against the sealing surface and a
substantially rigid ring for contacting the sealing surface;

contacting the sealing surface with the nose portion so that the substantially
deformable ring forms a fluid seal against the sealing surface; and

blocking extrusion of the substantially deformable ring with the substantially rigid

ring.



