2265645 METAL TO METAL SEAL This inventToh relates to netal to netal seals,
and nore particularly, to netal to netal piston seals for surface
controll ed subsurface safety valves used in the 5 Qi Sy ERdUSET Y.
One aspect of the invention relates to an inproved net gi t oft'
seal conprising a seal nenber adapted to provide sealing engagenent with a
cooperating annular stop at both | ow and hi gh pressures. 10 Surface
control |l ed subsurface safety val ves having pistons with conventional netal
to nmetal piston_seals are disclosed, for exanple, in US. 4,945,993, which
is incorporated by teference herein. Such-valves typically 15 . conprise
a housing having a |ongitudinal bore communicating with a well tubing
'string, a valve closure neans-biased to seal off the bore, and an operator
t ube adapted to open the valve closure nmeans in response to control fluid
pressure. As shown in U S. 4, MBTBD3TOt METAQ. SEAIcontrol fluid pressure
acts on a piston neans conprising a seal assenbly and a cylindrical rod
~that are slidably disposed in a small dianeter |ongitudinal bore offset
fromthe main val ve bore. The operator tube and piston neans are upwardly

bi ased by neans such as a coil spring 25 annul arly di sposed around the
operator tube. Wien control fluid pressure in the small dianmeter bore is.
decreased bel ow a presel ected val ue, the biasing neans 2 nmoves the

operator tube upward to allow the valve closure

This invention relates to metal to metal seals, and
more particularly, to metal to metal piston seals for
. surface controlled subsurface safety valves used in the
S oil and gas industry. One aspect of the invention
relates to an improved metal to metal piston seal
comprising a seal member adapted to provide sealing
engagement with a cooperating annular stop at both low
and high pressures.
10
Surface controlled subsurface safety Valvés having
pistons with conventional metal to metal. piston seals are
disclosed, for example, in U.S. 4,945,993, which is
incorporated by reference herein. Such valves typically
15 ~ comprise a housing having a longitudinal bore
| communicating with a well tubing string, a valve closure
means biased to seal off the bore, and an operator tube
adapted to open the valve closure means in response to
‘control fluid pressure. As shown in U.S. 4,945,993, the
20 control fluid pressure acts on a piston means comprising
a seal assembly and a cylindrical rod that are slidably
disposed in a small diameter 1ongitudina1 bore offset
from the main valve bore. The operator tube and piston
means are upwardly biased by means such as a coil spring
25 annularly disposed around the operator tube. When
control fluid pressure in the small diameter bore is.

decreased below a preselected value, the biasing means

ég



means to return to its closed position. The seal assenbly of the piston
means conprises seal nenbers adapted to prevent control fluid from5
| eaki ng past the piston in the small dianeter bore and seal nenbers adapted

to prevent well fluids fromflow ng back into the control line.” A seal
nmenber s desirably provided at the to® of the seal assenbly to bl ock the
| eak path fromthe well bore back into the control line. 10 Because of

t he hi gh pre¥sar EBeappensdor &uleyivrwanchtse il g che heabyat ehosere

assenbl i espayst bt eRLARS ¥t i t®lAloddn Wi 56l s are preferred for use
as the bl ocking seals. nvent| aI netal to netal seals are, %enerally 15

desi gned for eithBF P& oFﬁ%ﬁﬁ? die AT FURIARS FARRE L8P pressur e
enVIrOnnenéealeﬁémbéﬁbaaﬂa§kkﬁs&dEpﬂﬂVEhtkﬁbﬂﬁﬁdE%Iuﬁh@ seahi ng el enents,

and one nu el recisi n nachlnl t.or_else use a terial
suchgas anig?%§P§n§?SE %% rb@ﬁ} a so {é ?ﬁﬁ?iter bope arrllathe i ke,
that wll deabrmﬁpbgn&kadﬁv¢6de¢es$amwam§ﬂwelirﬁl@udq frﬂmafh¢ghn®ressure
envi 1 ONMeN, oY ¢Gk81 PRMBERMKINA0 1AHL 1|t Ada PHdnsL AL YablpPEbRY! W th

conventional se |g ecause softer orn1an cannot
wi t hst and PReVéBaast &Sheedops ofeddw) 91 asgepbhikete Heleekl theén the past,

pi ston seaheaﬁsgabhl eFolSehd IrelUb B Sal Bito iahy eSostied) asihbose

di sclosed in U ave been provi ded u wardl fa |n seat
o0 09°0 hbetiSe o SkatRen Bacy pre L ot [ G AmESEs oy
hem spher i ealichr thhaphieten seall m;samﬁkxﬁﬁ;muhunamtém @pemaﬂe,netal to

net al seal %gafngggﬁgsgéh %ﬂs aygmggg %ﬁ“#éﬁ’&%‘Lgéf ﬁgoulder in the

smal | di ane bore € prior sea however,
| sakage hablgéhéngnﬁgaéécurred due to surface

_ Conventional metal to metal seals are generally

15 designed for either low or high pressure applications.
In a low pressure environment, lesslcontact stress is
provided between the sealing elements, and one must rely
on precision machining and fit or else use a material

" such as an elastomer, a non-elastomer, a softer metal, or
20 the like, that will deform to make the necessary seal.

Similarly, in a high pressure environment, precision

machining and fit are particularly important with

conventional seal designs because softef metals will

deform and cannot withstand the contact stresses needed
25 to make the seal.

In the past, piston seal assemblies used in
subsurface safety valves such as those disclosed in U.S.
4,945,993 have been provided with upwardly facing seat
inserts similar to machined bolts. Such seat inserts
30 have had hemispherical or chamfered sealing surfaces

adapted to provide metal to metal sealing engagement with
a downwardly facing annular shoulder in the small
diameter bore. With the prior art metal to metal seals,
however, leakage has sometimes occurred due to surface
35 - imperfections, loose tolerances, and the 1like.
A metal to metal piston seal is therefore needed
that can be satisfactorily used at either low or hiéh



35 inperfections, |oose tolerances, and the like. A netal to netal

pi ston seal is therefore needed that can be satisfactorily used at either
|.ow or high pressures, and that will accommodate inperfections of fit or
finish. 4 According to the present invention, a netal to netal seal -
assenbly is provided that is particular]y useful for exanple, as a pieﬁon
seal in surface 5 control |l ed, subsurface- safety val ves enpl oyed in oi
and .gas wel, %"esme 4 ?ﬁé@%lls%c&mé/ Php éf'@eé@ysﬂéléﬁ ‘FRybe.

: adapted to prOV| urd-tight seal at either OM/OF hi gh pressures.
Accor di ng P85 &48i&%bodi nent of the present 100 - invention, a netal to
metal seal is provided that conpriseées a seal nenber having an annul ar net al
skirt adapted to engage an annul ar netal -seat, an undercut section.behind
the skirt, and.an annul ar backup menber dlsposed in the undercut section
behi nd the skirt, the 15 sklrt bei ng adapted to deflect toward the
backup nenber mhen pressed ~against the annular metal seat. According to
t hi s enbodi nent of the .invention, the anount of deflection of the annul ar
metal skirt is limted by the angul ar di stance between the skirt and the
backup 20 nmenber. According to another enbodlnent of the |nvent|on a
nmetal to netal seal assenbly is provided that conprlses a :



seal nenber having a defl ectable annular netal skirt adapted to engage an
annul ar netal seat, -and neans for 25 transferring the bearing | oad
around the annul ar netal skirt when operating at high pressures. According
to one preferred enbodi mrent of the invention, the neans for transferring
the bearing load is a packing retainer adapted to no-go agai nst an annul ar
shoul der adj acent to 30 the annul ar netal seat of the seal nenber.
Accordi ng to anot her enbodi nent -of the invention, a netal to netal seal
assenbly is provided that conprises a seal nenber having a defl ectable
annul ar netal skirt adagted to engage an annul ar nmetal seat, and nmeans for

35 support i ng*ER8rBeae; g FB&d pdifsHgion: B JFetResQires to
avoi d exceSﬁéﬂell eadilngseambtny ieabrmﬁhl@d thatd JACgariinghirpne preferred

enbodi nent 8se Eggggkgﬂal? gét lggﬁ@gzseaa:}gﬁg{ OVI d for sel ectively

Limting the Gfe seal nenber
and f%r supp@ntrqglﬁdghéubsgaﬁscenéeﬁeﬁdeNabwaﬁ quiQ¥ﬁﬂ imerdgiek .amitcor di ng

to yet anothg we@ﬂ?Od'@ﬁthQEaEh%o'&E%QT(Eéafiéggéﬁﬂ¥§(3¥“€ﬁgled

subsurface Safety valve is provid rises a pirston seal assenbly

with at |eagwe@hv@nm>abeﬁeaa§ﬁ§| t§e£>|r°rf&\ﬁ%g &Fidnhightrgeal ffat menber
I n conbi nat £ 0¥t o agahlgnnpgésgu&@ger conprising an annul ar netal

skirt, and a backgg ag osed n_.an derc areasgﬁgbnd the skirt.
The incl uded angl 8°68F 83e? ﬂdm t HE ort surface of
t he Ldhder | yingebtikop aembéalltopmetaﬂa@eplradummbwmﬁéduthﬂﬁrt defl ects
after Contagéﬁﬁgises a seal member having an annular metal skirt
kgf adapted to engage an annular metal seat, an undercut
section behind the skirt, and an annular backup member
disposed in the undercut section behind the skirt, the
15 skirt being adapted to deflect toward the backup memrber
when pressed against the annular metal seat. According
to this embodiment of the invention, the amount of
deflection of the annular metal skirt is limited by the
angular distance between the skirt and the backup -
20 member.
According to another embodiment of the invention, a
metal to metal seal assembly is provided that comprises a
seal member having a deflectable annular metal skirt
adapted to engade an annular metal seat, and means for
\e5 transferring the bearing load around the annular metal
skirt when operating at high pressures. According to one
preferred embodiment of the invention, the means for
transferring the bearing load is a packing retainer
adapted to no—-go against an annular shoulder adjacent to
30 the annular metal seat of the seal member.
According to another embodiment of the invention, a
metal to metal seal assembly is provided that comprises a

«l\

seal member having a deflectable annular metal skirt
adapted to engage an annular metal seat, and means for
35 supporting the bearing load when operating at high

pressures to avoid excessive loading on the seal member.



the seat nenber to effect the seal . Accordi ng to another preferred
enbodi ment of the invention, a static nmetal to metal seal is provided that
is adapted for use at high or low pressures ranging, for exanple, from

about 1.4 MPa to about 103 MPa (about 200 to about '15, 000 psi). 6 -'Fhe,
apparatus of the invention is further described and explained in rela
to the follow ng figures of the drawngs wherein: 5 - FI G 1|sa

schemati ¢ dceRridngedol @meakFafianrad (ﬁi“hﬁdld“%%l%falt%ljr“\b%‘?ﬁﬂ%h on

includi ng aghulBica® Leeindagialiixe prRswIdar e snlaitestal velwi 1 imit fnqpper type

val ve cl osuré neans; FIL.GS. 2A and t aken tqget her fo m an, eI ey on 10
view, part e Fal"r}“%‘@btqe@r?%a]p%ﬁcf 3y "Eﬁrb% % psTT jace '

saf ety val wembed eraidrr gupisor ooy m)i@hemgldsekm pxm@ependenelm'@ﬁ and _
show ng the: safetay1 f%m\gelln its open position; FIG 3 is an enlarged detail
Vi ew, part| i n 'section and partially ‘broken avvax of the upper

portion of the stoth@ Yiedr @nortdeirdi ngembedinent| af dtB8nmmuni cation to

‘the subsurfg %é@{cg{y y%yﬁfa&t&w@omé& ONs$HQUPshBe! staegt ed1vaper
position correspon to the closed p05|t|on of the valve;

FIG 4 is a¥ ProNsdeh td?@%dC%Pﬁ%Feféu%mPiﬁt%CF?Bﬁ aﬁaeBPE-VaWB’H BF the
pi'ston in iisdPnshe SEtLT ©OShetal 38a3hRWdihg EhGandiulbkkCmetals a further

00 Seat member "in EonBIndlloR! SYBR' 2"s801" RenRRFuBRAULA" Seat,
' ' comprising -an- annular metal skirt, ‘and ‘a backup member
disposed in an- -undercut area behlnd the skirt. The . _
.1ncluded angle between the overlylng skirt" and the: U
_ support surface_of the underlylng backup member is

preferablygreduced as the skirt deflects ‘after contactlng
the seat member”to effect the seal. ' '
| Accordlng to another preferred embodlment of the
invention, a statlc metal. to metal ‘seal is provided that

is adapted- for use at high or low pressures ranging, for
example, from about 1.4 MPa to about 103 MPa (about 200 to

about 15 000 psi).



25 menber and upper packing retainer with the piston in its upper.
seated position as shown in FIGS. 3 and 4; FIG 6 is a.detail viewin
section and el evation of the |ower annular seat, |ower seal nenber and
| ower packing retainer with the piston inits |ower seated 30 ~ position;
FIG 7%6 a detail viewin section and gl evati on of another seal assenbly
of the invention show ng the upper annul ar seat, upper seal nenber, and an
upper packing retainer adapted to transfer a high bearing | oad around 35

t he upper seal nenber fromthe piston to the housing of the valve; and 7

FIG 8 is a detail viewin section and.elevapion; and partially broken
away, of another Thealappasabiy of the invention dsoWiurfhere dgssrikerhul ar

seat; upperaﬁaéx;grabséd #R0radh3bAbLE  BRANE0N ANBPISIRE LG Hhd
engagi ng the rod bore end, cap to control the maxi mum bearing |oad that can

be exerted YrfYHRIScWReR@MBer and for supporting hi gher bearing | oads
i ndegendent |y of fbe.seaisnenbehemati8 ReEer inngek@ ibnGanl aMivatciogml etion

ydr ocar borbrodtePge oF AL | SRRBAGE RoNA LUdBEng SOBINE | ng 26 i s
concent ri catéyr iecpbledsubshrfiacassafjelf wadvexwahts af fdmpped Heaek 28
through pradugid 08) PAGKE" ndlns ; |
' FIGS. 2A and 2B taken together form an elevation
10 view, partially in section and.partially broken away, of
a subsurface safety valve and operator tube incorporating
\ the present invention and showing the safety wvalve in its
open position; '
FIG. 3 is an enlarged detail view, partially in
15 section and partially broken away, of the upper portion
of the small diameter bore providing control fluid
communication to the subsurface safety valve, with the
piston shown in the seated upper position corresponding
to the closed position of the valve;

20 FIG. 4 is a further enlarged detail view in section
and elevation of the piston in its upper seated position
as shown in FIG. 3; _

FIG. 5 is a further enlarged detail view in section

- and elevation of the upper annular seat, upper seal
25 member and upper packing retainer with the piston in its
upper seated position as shown in FIGS. 3 and 4;

FIG. 6 is a detail view in section and elevation of
the lower annular seat, lower seal member and lower
packing retainer with the piston in its lower seated

30 position; |

FIG. 7 is a detail view in section and elevation of
another seal assembly of the invention showing the upper
annular seat, upper seal member, and an upper packing
retainer adapted to transfer a high bearing load around

35 the upper seal member from the piston tb the housing. of

the wvalve; and



whi ch seal s between tubing string 26 and casing 22. Packer .30 directs
formation fluids such as oil, gas, water and the like into tubing string 26
from 10 perforations (not shown) in casing 22 which admt formation or
wel | fluids into the well bore. Wll fluids frequently carry sand or other
debris which may accunul ate at locationg in tubing string 26 having | ow
fluid velocity. Flow control valves 32, 34 at well . 15 surface 24
control fluid fl L&y o®n t8bk ndetaiinylen. ineseedddnc anBElieyvadrien.ded on
wel | head 28 Mﬂél%ﬁfﬂtﬁké‘ﬂ 4hY, 28£VhActHRING Il Ik eHhiRy o reline
techni ques which include the nstalTation and renoval of various downhol e
tools (not HoWHIVEREHPR $REVHIIstREnYPRST annydar &83dy WAReL&8Aking
oper at i ons nwdnlsdr Meyndeadiustadl @uhebhs008h thebipigtaly ive@ Xomr e - bot t om _
hol e 4 enper.at ure. and_pr e re rveys. Sutrface contrqlled subsurface safety
Valv& 36 crIRTHAY { HEC (Eod el #iPeap ol ERpR ety Ene i, 557 07

vel | conpl dréamnirk) head Paat ofntbei agestedngn2@hio seardt mgimbduniiahd | ow t o
the well s 1V bl g I Nge 26+ £ L0 Jdo : i ety
valve 38 | S SR LRy RLgAoE HedEs bl D Tb A e e R o TS 0 a0

at the wel ISefk eRIPSF o control |ine conduit 42 which 30 . directs the

control fluid signal to safety valve 38. Hydraulic manifold. .40 generally

i ncludes punps, a fluid reservoir, accunulators and control valves for. the
pur pose of provi-ding control fluid pressure signals for holding safety

val ve 38 open or closing the val ve when 35 . desired. Manifold 40 also.

~includes apparatus which functions in response to tenperature, surface line
| eaks, ' - a ' o o o _ .



9 and ot her emergency condit-i-ons under which well 20 should be shut in.
Saf ety val ve 38 preferably includes flapper type valve cl osure neans 44
adapted to swing between the 5 cl osed position schematically S
represented in FIG 1 and its open position as shown in FIG 2B. Referring
to FIGS¢ 2A and 2B, safety valve 38 co i ses housi ng subas$enblies 46, 48,
50 havi ng operator tube assenbly 52 slidably disposed therein around

| ongi t udi nal "bore 54. 10 The | ower portion of operator tube assenbly 52
-is shown hol ding flapper closure neans 44 in the open position. Control
fluid pressure is being exerted through control |line conduit 42, threaded

cognectdi on 56 andRefeﬁﬁedgsnsal |FI¢i ﬁ@&ﬁemo?x@ﬁaﬁammo pirsctmtwéﬁsenbl y 60
and rod 62. 15, el n_the tion shown in
G on arGESHIT BEF LR Pl ePd D ARRRk M L FUASH G4 (HBE aseenbl y 52
is naintmrﬁuﬂtocarbodonmmdndlpgstbmmaﬁmmﬂuﬂn¢ﬁIanmn)A4fnummglf contro
fluid press | eas S &iston
assegi)l y 60&3%1}1§ng %r ggnﬁggﬂt&gﬁ%%&lggmﬁgn(?saeﬁdgﬁqelrﬁf)gfecz{)‘éfjm%t T pi st on
assenbly 608¥%%B@§sfﬁsﬁewe thpade2B SHreEh@ERPIUFrtHIam BRckRefHring to

FIG 3, steppeehsgahhsdbashben b_%qn@ slt%amgefz%r aab{dv &ré,ir{%dzz nto top
housi ng subassenbl mthe | owe during fabrication of

4 .
safety val VRAGEET éBI Sbﬁfﬁﬁsl ﬁggfnﬁft&ﬁrbff]ﬁ%ﬁ%éﬁﬂ%ﬂ' % rod 62 into
bore 58, encatep SBdIShéh&éHdedntntmmHiad(ﬁMﬁlﬂgﬂze(ﬂrdﬁ bore 58. Cap 68

sur ry nds r%%ggra@ggn%?%é agﬁgg%r) gga S({n? 2R ﬁcr{ dﬁpt ed tolimt

the ownwar ange o 3 o5t I'nSi de bore 58.
The upper no&erpat idonosf Wbéﬂ-efsal%nﬁmxmocébtl@s wgiltlh l@mgu—l arWprZSSfa‘g@/m 72,

WRieh is preferabhy1grEhbed LARA boPRaus RRriubassemy 4P and

accumulate at locations in tubing string 26 having low

fluid velocity. Flow control valves 32, 34 at well
15 surface 24 control fluid flow from tubing string 26.
Wellhead cap 36 is provided on wellhead 28 to permit
servicing well 20 via tubing string 26 by wireline
techniques which include the installation and removal of
various downhole tools (not shown) within tubing string
20 26. Other well servicing operations which may be carried
out through tubing stfing 26 are bottom.hole temperature
and pressure surveys.
Surface controlled subsurface safety valve 38
" embodying the features of the invention is 1nstalled in
25 well completlon 20 as a part of tubing strlng 26 to
control fluid flow to the well surface via tubing string
' 26 from a downhole location. Safety valve 38 is operated
by control fluid conducted from hydraulic manifold 40 at
" the well surface via control line conduit 42 which
30 directs the control fluid signal to safety valve 38.
~Hydraulic manifold 40 generally includes pumps, a fluid
reservoir, accumulators and control valves for the
purpose of providing control fluid pressuré signals for
holding safety valve 38 open or closihg the valve when
35 desired. Manifold 40 also includes apparatus which -

functions in response to temperature, surface line leaks,



tapped to receive threaded connection 56. The structure and operation of

pi ston assenbly 60 35 and the novel netal to netdl seal of one
preferred enbodi nent of the invention are further described and expl ai ned
inrelation to FIGS. 4, 5 and 6. FIGS. 4 and 5 10 show pi st on-asseml y
60 in its upper position within bore 58%9in greater.detail than is visiMe
in FIG 3. FIG 6 shows the | ower portlon of piston assenbly 60 in its

| ower posi tansh afher renereensy | son@thiensdender vhaghi velilsi2® shoylg G. 2A.
Referrlngnglgﬁatzhnplston assenbly 60 preferably further conprises piston’

74, seal carrier %Eyper_€ ackin t ai her 8mer ﬁ cki ng . retainer 80,
_and U-cup sealsiﬁ? LYo ﬁ% eﬁﬁbﬁbmé?ﬂty_ﬁitg &Pﬁ&rb&yﬁﬁmiadapted
to threaded}aamgammlmmslu iﬁapﬁddatdommagdbeteemndﬂm pi n end
adapted to Liysad é’n?l cﬂ%ﬁaéfcaﬂ cke %8‘5%{4 efCL @ gﬁr .78 Y4 ounds

stem™106 ofCJSea‘? 7T er I'S secu gar nst upwar ‘faci-ng annul ar
shoul der 102:8)fonﬂrstmsi7tllm 3% cPhAVB. iB f‘liGeaaEd |Ref5e1rhren90|¢00f pi'ston

74. Lower 2?1‘?‘:3 %Zief'af%“?é 8§’a§é£‘}|@£i¥e ?‘éreHﬂﬂflsgﬁahBYk%& n end of

pi ston 74 ai nst- downwar d act ng - annufar shoul™der. 104 of
pi ston 74 féll?étﬁﬁﬁ@lr%eﬁ H®eadb?¥ 0519oh?’ﬁéngo%?ré'ﬁﬁroi:ubiesta§|$ef‘ﬂPlyAr§¥uI ar

U-cup seal $18%a18¥y (di\égsw@aal ef&ﬂl&f@ﬁﬁd Ibﬂé@tﬁ/aﬁ.h)ah #orediszposed in
recesses 9 lgg around, per ouer r.esp tively, of
pi stidh 74, MR G 1B Rt ( TBREBEOR R OPS SFORBRGY B8, 80 P Mhper and
| ower pachhqjdlng flapper closure means 44 in ‘the open p051t1on.
Control fluid pressure 1s ‘being exerted through control
line conduit 42, threaded connectlon 56 and stepped small _ C}
diameter bore 58 agalnst plston assembly 60 and rod 62.}-
15 When'rod 62 1s held 1n the downward p051tlon shown in :
FIGS. 2A and 2B c01l sprlng 64 is compressed and
operator tube assembly 52 is malntalned 1n 1ts downward
position to hold flapper 44 open. _
_ If_control fluid pressure is released COll sprlng
20 64 forces rod 62 and plston assembly 60 upwardly through
 stepped small dlameter bore- 58 until. plston assembly 60
.reaches upper stop seat 66 as shown in. FIG. 3. Referrlng
to FIG. 3, stepped small dlameter bore 58 is preferably
drllled into top hou51ng subassembly 46 from the lower
25 end during fabrlcatlon of safety valve 38.' Follow1ng _ :
insertion of piston assembly 60 and rod 62 into bore 58, N
end cap 68 is threaded 1nto the lower portlon of bore 58[
_Cap 68. surrounds rod 62 and lower annular seat 70 of cap
68 is adapted to llmlt the downward range of travel of
30 piston assembly 60 1n51de bore 58. The uppermost portlon
of bore 58 communlcates w1th angular passageway 72, Wthh_
1s preferably drllled into top hou51ng subassembly 46 and
tapped to recelve threaded connectlon 56
The structure and operatlon of plston assembly 60
35 and the novel metal to metal seal of one preferred
embodiment of the 1nvent10n are further descrlbed and
- explained in relatlon to FIGS. 4, 5_and_6r FIGS. 4 and 5.



retainers 78, 80. The U-cup seals may function as a backup for the netal to

netal seal at |ow pressures, are helpful in preventing gas mgration into
~control line conduit 42 (FIG 2A) during travel of piston assenbly 60

bet ween upper annul ar seat 66 and | owergannul ar seat 70, and in

parti eul arly harsh environnments, can assist in cleaning the inside wall of

bore 58. TawowtpictohcasBdnBRer 8bi 9R Sksauppelepbsd tebhOWiFRAhL abrgetal to
netal seal 810' of the invsngi on gg further, dgicrl.bed and _expl ained in
Py t 6" edre

rel ation t? FI'& 95%2E8fe fGiS5Vis cafr Féf-78 -pr 5381’ aBly
conpri ses sippes theal lowerbepoflionhioEh plistohenssemplys®® amnultsr nmetal skirt

<91 having fopy! BULL €5 BARLEERAM 88,80 9400 ol HabatRReheR8dh TREREG 90 Wi T
engage uppéer annular Seat gnever pi ston I's Torced upwardly
wi t hi n boreisgbleppar F3€al 2henber 90 is preferably undercut to a thickness

.that will perm trarghirghly dawpdard4f | @Wienoh sslembh yOk oiaeaphl contacts
upper annul ar seat 66 at "a deslgn pressure differential ranging from about
1.4 MPa upfvBtBBBEUEOPPILIFPSE PABSEN Zd0 5821 Fard igsodt6 A MBR®Y psi). The

undercut paBrahg rerpdherodge 1otalr PIEKEMP ARy, exendsugpowar dly
and radi al lé 'bjnward, term natti ng7i n.radi us 108 bet wee utp(gi%r ;eal menber 90
and stem 18823F B@al 8%arr F&HPEPE T4TRAS At MRYEI Iy &%5% bPBpper seal

menber 90 eeddadaiptesl ticewhrichdeddyi reardyddes et widdr iat réldnd depend upon
t he maxi nu ' . qf r I .@SQP .90 rel.ati 0 ' ers of
09@%%?3@! Bt upcr)‘r?sgﬁé’ typeeacﬁap%e%aglta% rt\c‘)’erﬁ%%q%mcegaﬂ%g?aer rier 76

bore 58 an an I I
is made. Wodt 62er MEppEr ippakdey inetmikien 1ppirmeaidsesttenr 96 df shoul d

exhibit seal carrier 76 and is secured against upwardly facing

= annular shoulder 102 of piston 74 as stem 106 is threaded
into the top of piston 74. Lower packing retainer 80
similarly surrounds the lower pin end of piston 74 and is
held against downwardly facing annular shoulder 104 of
piston 74 as rod 62 is threaded onto the lower end of

piston 74. :
Annular U-cup seals 82, 84 ("Variseals"

(Registered Trade Mark)) are disposed in recesses
98, 100 around the upper and lower ends,
respectively, of piston 74, and are held. in position by
annular tongues 86, 88 of upper and lower packing
retainers 78,'80.' The U-cup seals may function as a
backup for the metal to metal seal at low pressures, are

A helpful in preventing gas migration into control line
conduit 42 (FIG. 2A) during travel of piston assembly'so
between upper annular seat 66 and lower annular seat 70,
and in particularly harsh environments, can assist in
cleaning the inside wall of bore 58.

The structure and operation of a preferred
embodiment of metal to metal seal 10 of the invention is
further described and explained in relation to FIG. 5.
Referring to FIG. 5, seal carrier 76 preferably comprises
upper seal member 90, which further comprises annular .
metal skirt 91 having a maximum diameter large énougn

that upper seal member 90 will engage upper annular seat



sufficient resilience to return substantially to its original configuration
once control fluid pressure is again increased sufficiently to force piston
74 downwardly inside bore 58. As shown in FIGS. 4 and 5, seal carrier 76

i ncl udi ng upper seal nenber 90 -and stem3j06 i s nade fronra single piecéﬁof
metal. It will be understood and appreciated, however, that seal carr

76 of pistoas7¥hearvakspistomadd iis ﬁpreeﬁh&@womdlpl@u&hﬂh(hnneeﬁﬁ for
exanpl e, touﬁﬁgpcgesfiem@mlé@t 90! sTRERlRLhAh P’Z Aqeq%tuto%ew se be required

to produce a skirt-91 as a unitary art of seal carrier 76.
To prevent §R%PF"9§50FhG§p¥HléeQPrﬁéﬁbérSQGGWFbﬂqﬂﬂﬁﬁﬁﬁy@%?%%FecRﬁm t hat
it is crushegiggaionsvheinel06t daptalnePigid idithineal St ieg a6 40 be

forced too fai iR V\%rr‘is's%t& mrfﬁfe‘i%nfl%qndalﬂ@awg Emrmdi albowaatl 66, MRPNEY
packing retainer

refera |ded W th up er shoe
94 is an i n&Pi AU A arM §ur<fag’ p;?ér‘ b‘é’cl&" rl%’g'r&% 9#2&0
provi des beghleng @it urutereamperumm reerdzer 90 As seen in FIG 5,

nose 110 of seppemepdeki m@|pnefenabl?8extenﬂqﬁugwanﬂky|ahﬁlnnuuaﬂyy|nto t he
under cut ar a oS ki &1y under si de
of upper seg?‘&% g g‘tgtgi gg:&n{tr %é%nﬁfsﬁr%om?at%rfq{};p%% annul ar. seat

66. Wmenevmenénmlfa&r agid mtem I0nifctsealpRaTieiul 26 - scthe gehelknese -

pressure di Ufewfelglafdp%&:stm1%@{34:8@@%&&@5 p&s nicihese enaul ar
skirt 91 beqgins to flex downward, annular skirt 91 wll bend around nose

110 of uppeaidiachd FetHieft s nafhr akde AeRANd BPH FRE HiR ¥ mum

diameter of upper seal member 90 relatlve to the

diameters of bore 58 and stem 106, and’ upon the type of
metal from uhich”seal carrier 76 is made. Whatever metal
is used in making-upper seal member. 96“ it should exhlblt

. sufficient resilience to return substantlally to 1ts
original conflguratlon once control fluid pressure is
again 1ncreased suff1c1ently to force plston 74
-downwardly inside Jbore 58. o o

As. shown in FIGS. 4 and SH'Seai carrier 76
including upper seal member 90 and stem 106 is made from
a single. plece of metal. It w111 be understood and:
apprec1ated however, that seal carrler 76 of piston 74.
can also be made in more than one plece ‘Af de51red for
example, to reduce the amount of machining that might- i
otherw1se be requlred to produce annular skirt 91 as a _' ~
unitary, integral part of seal carrler 76. _
To.prevent sklrt 91 of ‘upper. seal member 90 from

flex1ng so far down that it is crushed .against stem 106,
thereby permitting seal carrier 76 to be forced too . far
upward into bore 58 beyond upper annular seat 66, upper
packlng retalner 78 is preferably prov1ded with upper _
shoe 94. Upper shoe 94 is an - 1nc11ned.annular surface on
upper packlng retainer 78 that provigdes bearing support
under upper seal member 90. As seen in . FIG S5, nose 110
of . upper packlng retainer 78 is adapted to sllde upwardly
1nto the undercut area beneath annular sklrt 91 and to



limted by angle 112 between | ower surface 114 of annular skirt 91 and shoe
94 of upper packing retainer 78. As angle 112 is reduced to zero by

i ncreasing the pressure exerted on piston 74 frombelow relative to the
pressure being exerted fromabove throygh control line conduit 42 (shown in
FIG 2% lower surface 114 of skirt 91 of upper seal nenber 90 is fol ded
downwar d agairtscts o Uhadmidaroskippe®ls@h1t hembayenbi @t s pigfer abl y

desi dt d it. to deflect ' t ' ti wl a t
6.t o generA T dabTrih Shotreet | gine L8R Seat” Bl pPBERREE, The o

def | ecti on apnmwelastskidefDr neenttacts wpper aansklar Skatth&® ancuthedue to
dts relati velaedild ¢f AR5 Seeld P @ssl et Lok ablhaliaag dhe flgsi red seal
rom1ow o hrgh pr

When the transition pressure essure occurs, after
annul ar skiPeilmy vherearnylar celeirt n? hebegnnsi komidexudownwegid.ned shoe 94

-of upper pagighiita¥F el Mero ¥ & PIPVHERE ArSHRACKbsEOR 110N £S/JperThe packi ng
retainer and the seal nenber_thereafter cooperate to support the added

‘bearing | oaRPHENY FEHRABRYGN Dr esTRR X FRBEPEr LR OGE Y 3 one
preferred enbpilits@rby cdnghe inyepétwsenWnewert Bardasiegn rsange dfrmuimt al to

(such as o artl g RPacet OF HPRPE PACKA0G LES3 WS (BoouD00 to
about 15, 008npke)3}12iismgdbeedetorabkre by nmkeeasimartiskiptesEhidd exi bl e
Croush L o A EEL Nt L Bl SR pLIBPEESIUGS WO LIRIRY 0
However, i fbaikngl axexkedt f£0omj abaugethooughi sondralhd ing t¢andwkt desi gn
loads, rel afiNswdi 8HEFEES 3)d lower surface 114 of skirt 91 of upper
; seal member 90 is folded downward against shoe 94.
Annular skirt 91 of the invention is preferably
designed to allow it to deflect a minor amount upon
contacting annular seat 66 to generate the desired bubble
tight seal. At low pressures, the deflection or elastic
deformation of annular skirt 91 that occurs due to its
relatively thin cross section assists in establishing the
desired seal. When the transition from low pressure to
high pressure occurs, after annular skirt 91 deflects a
predetermined, maximum amount, inclined shoe 94 of upper
packing retainer 78 provides a support for the seat. The
packing retainer and the seal member thereafter cooperate
iw) to support the added bearing load due to the high.
pressure. Therefore, according to one preferred
embodiment of the invention, where the design range for'

metal to metal seal 10 of the invention covers a broad
range of operating pressures (such as for example, from

about 1.4 MPa to about 103 MPa (about 200 to about

15,000 psi)), it may be desirable to
make annular skirt 91 flexible enough to deflect at the

lower end of the pressure range and to rely on shoe 94 to
back up annular skirt 91 at the upper end of the pressure
range. However, if annular skirt 91 is made too thin for

the particular design loads, relative diameters and



13 material of construction, it may be pinched off between nose 110 and
- upper annul ar seat 66. According to another enbodi nent of the invention,
upper seal nenber 90 is constructed so that angle 112 5 - wll not be
reduced to zero over the-design load of netal to netal seal 10. This wll
permt the slight deflection that is nééded in annular skirt 91 to provﬁde

K R TR T T T O T LT RE )

~1'S$7s0 thick
that it ei nhse ad@samﬁ wifer Enoylar t $eatesé gned operatlng range, or so .-

thin that it s meshediidsfh Al anis ShRscafmuhiensy enl sholnidohy in 1t

uppernost position, netal” to netal seal uncti ons. muc.
convent | onH¥PPREL &e2lo MARRET 2| 1S eppwrrusted se pbatbndREdeot12he subj ect

i nvestion {hat abt Beeidaidedviod dago toese théfaésighesoaneodemeriahed and

I d te I Fl GS. d to,EFLGS. 2A,
S o 6Eot Bt wsEaind By | ko A REER b e %%ﬁh@??ﬁ?&&?&l&% L ar
to 20 thatt diss niessied abo\m'mmlanelekmh %D tretpi'otmdeethle geslirgd of the
| nvent i on. §L batwadel o 1a4‘0é’fi’f‘£ ihﬁﬁd ﬁgﬂaé {mﬁ?gghésgtf @k _.pur poses

of the presen |nvent|on t he neta e Invention be
used on boER eﬁwroﬁemlstwbﬁr 9(Be¥:%1}3§ﬁ%lﬁolmt eeaul@n kérsn925 74

opeigtes pgkMap ltYu%?: en!a!tqq@ éﬁa{er r&é&@rnébaaeﬁeéet Bvargegeand liquid
seal in the manner. o er seal on pistop conventional sealing

means can Sésﬁgéﬁdf8Pﬁﬁ§§h4§ﬁﬁf%ﬁ%ed?r ?mk%honE?BnlﬁséénﬂPﬁ 86 and | ower
annul ar segfiug abadaet?&hﬂuﬂunuuhénéwem phseohl y460si $n3@ts - in: lts

T TR BB e ST RTINS et e

net al seal type §é?5%e bove i n.T
like a conventlonal ‘metal to metal seal. - other

15 embodiments - of the subject 1nventlon that are useful in
| avoiding these difficulties are descrlbed and explalned
“later in relation to FIGS 7 and 8. :
Referring again to FIGS. 2A, 4 and 6, ‘the lower
end of piston 74:is provided- with structure slmilar‘tc-'
20 that discussed above in relation-to'metal.to*metal seal
10 of the invention. It is understOOd,fheweVer,=that it
is not'required-for pufposes of thejpresentainvention_
that the metalrto”metalrseal of the*invehtioﬁ befused on
"both ends of pietdn 74. Becauseithe'lcwer seal on piston
25 . 74 operates primarily as a liquid'seal, rather than as
both a gas and liquid'seal'ih'thetmahner of the upper : o’
seal on piston 74, conventional seallng means can be used .
for prov1d1ng a seal betweén piston assembly 60 and lower
annular seat 70 of cap 78 whenever plston assembly 60 is
30 in its lowest p051tlon as shown 1n FIG. 2A. '
Referrlng to FIG 6, where a’ metal to metal seal
of the type dlsclosed above in ‘relation to FIGS 4_and 5
is also de51red for the lower end of plston 74 annular
lower packlng retalner 80 is. preferably dlsposed around
35 the pin end of plston 74 between rod 62 and downwardly
facing annular_shoulder 104. ~cup seal 84 sits in
annular recess 100 on piston 74, and is engaged by

A



Is al so desired for the Lomértend of piston 74, annul ar | ower pécking
retainer 80 is preferably di sposed around 35 the pin end of piston 74
betweepn rod 62 and downwardly facing annul ar shoul der 104. U cup seal 84

sits in annular recess 100 on piston 74, and is engaged by 14 upwardly

<.

ext end-hg annul ar tongue 88 of | ower ﬁbtklng retai ner 80. The upwardly

Gxtendi N0 thoh1y Odeblabing’ ShELAOLY LURGLNEY Le SEEAL deBmcpeal ember

92, which Shnd , construc I 'on &8 to per 5
seal nenbé?etﬁl@ﬁéc%@sedThﬁOVEwarﬁéME¢x§éaﬂlngnBGd 9f FefpBi2sds annul ar

skirt 93, wpoestilsly Hééﬁ%éé t8l atbi¥get 20aBRULRR 1S kiehibedl 9280300, t O

.contact and sljde a alnsé% ower® annul ar seat 70 of cap §8, deflectlng

slightly utfi$iPtiz ﬁlﬁﬁ'aﬁapﬁgFugﬁégn96néf°P8%€FH&%: ich FPRET
reta ner &E)ea:anﬁiexhbere@g di satissgdmebavel 0 mewel seall hémpEef@zing to FIG

7, anot her enbodl on_is sh al, .as enbl 120

of a surfd%gm%5%? %u subgkgfgcé SaPEP§S§§m@g E§r§&§§ %ega%. 5iec¥

annul ar skn¢tannmﬁaroakbetnglovedpp9s§utedcthac;5and 5ﬂhdep@ggmnst;

subj ect ed i&:{& Gé‘nmféfugs&fﬁsﬂg?ebgp/ 65! Gge%lgbgﬁ &3 ignRaRtion of the
o) da S e

upper part I ston 122 sl po$ | NS ousing 124 of a
subsurfacén§%ﬁbtytvh$v%a§§eﬁr69|69@#95§e§bpﬁb8§ Pf Aevgr MRMINI GS. 1

t hrqugh 5 :.aé?@mxeﬂcwrdaﬂa tﬁeiéb§ eﬂbadhﬂgnhetsqakometal G arn 126 is
t hreaded onto the in en gls on 126, . and conpr.i.ses angyl?ghnetal skirt
128 having out waf ?r¥%59ng U6r 1 ¥r ngRELRrEC PP INGRE RT &

cont act i ngirarehtsibah abs ysieogagingwhbaohl aeaieabseaplef 1kousitng 124. Unli ke

tCi embodi JRNF» PL NOAUSEY1 885 CLLBEDr FOCECLAELRD LB1ve is adapted to

15 the piston is subjected to high pressures from below.

protect annular skirt 128 from being overpressured when

FIG. 7 discloses a portion of the upper part of a piston
122 slidably disposed inside housing 124 of a subsurface
- safety valve as previously described in relation to FIGS.
1 through 5 above. According to this émbodiment, seal -
20 carrier 126 is threaded onto the pin end of piston 126,
and comprises annular metal skirt 128 having outwardly
facing, overlying surface 130, which is shown contacting
and sealably engaging annular seat 132 of housing 124.
Unlike the embodiment previously described in relation to
25 FIGS. 4 and 5, packing retainer 134 does not have a
iﬁ; surface that backs up inwardly facing, underlying surface
140 of annular skirt 128 whenever the upward pressure
exerted on piston 122 is sufficient to cause skirt 128 to
deflect downward due to contact with annular seat 132
30 between upper bore section 148 and larger diameter, lower
bore section 150 of housing 124. 1Instead, packing
retainer 134 comprises upwardly projecting annular nose
136 and annular stop shoulder 144. Annular nose 136
preferably comprises chamfer 138 that provides a surface
35 ‘around which annular_skirt 128 can deflect downwardly as
seal carrier 126 and annular skirt 128 are forced upwards
relative to annular seat 132. 1In this embodiment of the



25 FIGS. 4 and 5, packing retainer 134 does not have a surface that
backs up inwardly facing, underlying surface 140 of annular skirt 128

- whenever the upward pressure exerted on piston 122 is sufficient to cause
skirt 128 to deflect downward due to cog%act wi th annul ar seat 132 30 -,
bet ween upper bore section 148 and larg di aneter, |ower bore sect i.on™50

of housing &%‘i’f?gk%g, adnPAGHIAE e%L ';‘{i el}-la}\ja&%r U:Pﬁ‘@fééé BLoj ecting

annul ar nosé "annul ar stop nose 13

conpri ses cHafflecteds dowaranddy des ldmifigchdy dthe dl%?%ﬁ‘ﬁﬁ Rat¥aeBnnul ar
skirt 128 caRed@ ghaﬁlgowﬂm@%maﬁagﬁdirsﬂ&ﬁmaﬂ appubar - skirt 128

are forced u | at t t 1 t of th
i nventi on, P Se%%t%&Hé%iéﬁqg%ﬁa qgii tfﬁegP g%g%gngo | ©

downwardly aga4limted by the di st ance ‘bet ween: t he upwardl y ext endi-ng .

annul ar stop shoul a retai shoul der . 146
of housing 5 - 4%lk§% 2&.%%%%%rc éi%?%?%éﬁ%ﬁ%? %?#ve to housi ng
124, over| yhngsingf ded, 1®Gemixmnﬂﬂsnrﬁﬂqetlmgkpfxﬂnmml@raﬂhléhg&gés
annul ar Seako}.%%ctsv\*a% te*?.%;alé@gﬂ hrRNTS Wt Slfé’ff'ﬁhéﬁttﬁg 68WaLa

defl ection in annular, kirt 128, the skirt wl nd downwar d
slightly ar Bﬁ'ﬁésblﬁ&rrflér SP§§1&1%|B%FW dleﬁile%’oveﬁ‘l InAYgLeErface will

sli deosl i ghtskirt&pwarsqs thel alkdive &dl1anpdml ahaivdi?. s Thghspacanguhat ween

preferably

annul ar sto uldﬁr La% and annul ar s %%g 46 is,desirably such that a
& §

£1 ui d tlght ef5 BRI AT NRSE VISR P FRERCE30 of
annul ar sklwu11281aﬂ@ siighdrlys epwak s na&atxﬂertoaamm@lqueeapré33ures

V%en seal a%ﬁ%”@b&c&%% BﬁﬁwgaﬁagﬁﬂﬁfétIgﬁggyshoulder 144 and annular
shoulder 146 is desirably such that a flUld tlght_seal

15 will-be_formed between'overlying surfaoe'130'of'annu1ar
skirt;128eand annular seat 132, even. at relatively low
pressures. When seal assembly 120 is subjected to higher
pressufee,;howeverﬁ annular stop shoulder 144 contacts "
annular shoulder 146, preventing-furthe:=upwara'motion of

20 piston 122 and seal carrier 126hfelative-to housing 124.
Any'additional:hearing load is thereafter transferred
from piston 122 to housing 124 thfough'annnlar'lip 142 ‘of
piston 122, the abutting portion oftbottom'surface 154 of
packing retainer_134,-and.annular.stop.ehOulder 144.

25 Downwardly extending tongue 152. of”packing retainer 134_
engages a U~-cup seal 151 as prev1ously dlscussed in
relation to the first embodlment.

Accordlng to another embodlment of the invention, =
as shown in FIG. 8, the excess bearing load is

30 -transferred_from-the piston to the:housing'of a surface
controlled, subsurface safety valve through an.adjustment
nut located on thefpiston-rod.belowwthe;end_cap;
Referring to FIGQ_s,_another preferred seal assembly 160
is provided that comprises piston-léz slidably disposed

35 inside lower bore section 164 of. housing 166, seal
carrier 168 hav1ng a deflectable annular skirt 170 with
an overlylng surface sealably engaglng annular seat 174



pressures, however, annu] ar stop shoul der 144 contacts annul ar “shoul der
146, preventing further upward notion of 20 pi ston 122 and seal carrier
126 relative to housing 124. Any additional bearing load is thereafter:
transfherred from piston 122 to housing 124 through annular |ip 142 of

pi stor 122, the abutting portion of bdi® om surface 154 of packing retainer

134, and a ar stop oulder_144. 2 ext nd|n .t onpgue 152
of packlndﬂ$gtéFﬁ%r QQEngdges %Pffwﬁﬁtsaggbigf gg % 53F§ |sgussed in
relation tbptﬁqmfsu%ﬁa@ﬂbba$neﬁtenﬁecepduag,tWhanbtheme@ﬁbddunent of the

I nvention,e é*é@vﬁbthé‘n'ﬁ%Q.ng t#i‘tﬁxﬁﬁié Bﬁ?&hﬂﬂema%f' ey

. transferred Tromthe to the housli ng a surface controll ed,
subsur f acel ¥R 1oRq| Ve t pxbenk A wWhight ﬁﬁﬁt‘lﬁﬁt skd&dt dd %Falhe piston rod

bel ow t he @&Eh &ap- d&ﬁlﬁ@éfd'ﬂﬁ é@t&ccoataaaehaean%qfaer RGt5a3ls ggsenbly 160
I's provided that ri ses piston abI posed 35 I nsi de | ower

bore sectiSHTEAH 679 hBYsHAG %BGIEagtﬂé rFPéF S8 £54ef | ect abl e
annul ar sk¢atrﬂ§ﬁ w68 hand ad&ubymagtsuutaaesseahabusumuﬁnynug ameul ar seat

174 ] : . t .abuts. i:nst bottom
surface 17 JPP %%%9 Béggﬂgghgﬁﬁgggég ﬁ% %%gaé%% hghgﬁiﬁé%%égﬁVVth this
enbodlnenttnﬁttﬂerrﬁ39ﬂnﬁ§nt0thedesienﬁ me xidiurh degrderofsldaunvezd can

def | ect doppedt Yo" b aRRILAE! LRArANAY0ARSaRY hikdup Nl | ed by the
| ongi t udi nal 8EC|nggeetmeen seal carrier adj ust nent nut 176.

Adj ust ment SafRty 762{¥epPEieF abPry ipgtaddedion dmpids sk RPred2 9™ position
that correspengsat 9sapgdeviged wBXnEIMAEH QR s tdM At 176 in the

desired position on piston rod 182. It will be apparent
~ uwon reading this disclosure that other similarly effective means for
transferring excess  bearing load such as a slam closure from
piston 168 or piston rod 182 to housing 166 can likewise
be used within the scope of this invention whenever the
metal to metal seal disclosed herein is to be used in a
high pressure application. With the embodiment of the
invention shown in FIG. 8, packing retainer 186 is
maintained in fixed relation to piston 162 by snap ring
188 and lip 190.

Although the annular skirt portlon of the seal
member of the invention is depicted in the drawings as
having substantially parallel overlying and underlying
W surfaces, it will be appreciated by those of ordinary

skill in the art upon reading the disclosure that the
surfaces need not be parallel. Thus, for example, the
overlying surface might have a convex shape when viewed
in cross section rather than the substantially flat shape
depicted in FIGS. 4 through 8.

Although the metal to netal seal of the lnventlon
is disclosed herein in relation to a preferred
application as a piston seal in a surface controlled,
subsurface safety valve, it will be understood and

 appreciated that the.same inventive concept is similarly

applicable to other devices and systems.



defl ection of annular skirt 170 during makeup of -the—safety valrve prior to

installation in a well bore. Jamnut 184 is proyi iR adjustnent'f
nut 176 in the desired position on piston fod 18| [IH““'"“M“}E‘“I)MEM upon
or .

readi ng this disclosure that other simlarly: effectieve Lneanss

transferring excess - bearing |oad such as-#l-sl-am cl osure from piston ™5
or piston rod 182 to housing 166 can |ikewi se be used within the scope of
“this invent&ed¥Penever the netal to netal seal disclosed hereinis to be
used in a high pressure application. Wth the enbodi mrent of the invention
shown in FIG 8, packing retainer 186 i's maintained in fixed relation to

pi ston 162 Py snap ;;R?ﬁéggaggd?%%ﬁrﬁggadAlgnggg?ﬁ%%%égﬁggﬁyhéaﬂdg portion

of ‘the seal  henber I nvVen epi cte rawngs as havi ng
subst anti al el Qvesh Vi d ekl .aces, it will be
appr eci at edk%flpﬁgsgﬁo?ﬂoﬁlﬁggggg%i ‘Iﬂlgm?nb%ﬁlgggrstiﬁ%on reading the
disclosure that the syrfagesuBftdrnBbapenBaiayl al £iHa4s 1ongiteamdiay t he
overlying surface m ght have .a convex shape when viewed in cross section
rat her 3 harextendihgtbotréawiyhf havatrapeldspiret mdang @i€poséd hr ough 8.

Al t hough the netal to netal seal of the invention is disclosed herein in
rel ati on t cthepetheraed appecondi bongitadpnafidy esdending deorfeace

controll ed, subsurface safety valve, it will be understood and appreciated
that the samedialinteyésebntrpn ThesEarsar boreppiithabl @isdon meangevi ces

and systens, .~ * C - L M . S* CLAIM
disposed therein; ' - o

b. the second longitudinal bore comprising an O

10 upper seétioﬂ héyipg a-firSt diameter;.a-lpwer seétion'
having a Sedondidiamefer larger than.fhe“firSt diéméte#,
and an annular shoulder therebetween;

c. means fof establishing control flﬁid 
communication.Béfﬁeen'the sﬁrfaﬁé and the éécond

15 longitudinal-bore;'and.

d. means for eStablishing a fluid se51 betweén
the.piston means-and thé Second'1qhgitudihal_borg, the
seal means fﬁfthef §omprising a metal seal member on the
piston and a cooperating metél'annular seat on thé anhdlar

20 shoulder between ﬁhe upper aﬁd lower sections of the
second lbngitudinaJ.bOre; the seal member further
comprising an inwafdiy deflectable, annulat?skirt_meahs'

for contacting and slidably engaging the_annular seat.
2. The safety valve of claim 1 wherein, the seal

25 means further comprises a recess disposed behind the skirt

means opposité thg_annular seat to receive the deflected

i
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1. . - A surface control | ed, :subsurface safety valve for use in an oi
or gas well conprising: a. “a tubular body having a fi ongitudinally 5

ext endi bore with a val ve cl osure neans di sposed t hqigig, d

| ongi tu'cDi_ig‘naI |y extending bore radially offset fromt halﬂ“psmmﬂmmlﬂmmra
pi ston neans di sposed therein; b.- the seceljqd ongi t udinalc bere*cobprt sing
an 10 upper section having a first dianeter, a |lower section having a
second di aneskdrntamgans.han the first diameter, and an annul ar shoul der

t her ebetween; c. neans for establishing control fluid comrunication

bet ween the surface and the second 15 | ongi tudi nal bore; and d. neans

faor establishing a fluid seal_between the_ piston aps and the second
| ongi t udi nal I%bore, t he & SHEE YUY RE St sér'ﬁgf‘g'?%?ﬁlc%%%?lﬁ‘b%er on

t he piston and coaperati.n tal annul ar.seat. on ihe annu 20, .
et R S R e 3 SR R PR P v

shoul der bet &) pper- and T ower ST i ons e
bore, the sea| f | S [ L1 \ f nul ar
re, e PRI Y e %{H’é ﬁ@@ébéég"aa{rﬁc}]yféif i;ﬁ&i@ﬂ 't
skirt means for contacting anégs !Jga%y engagli ng the annular se t.ﬁg. _
The Safe%Y_V@I%%dﬂiéﬂéﬁ?ﬂ#%ﬂ@ﬁ%EBéhwééH3éﬁéﬂsﬁgit ﬁ65ﬁ§_éﬁﬁt{ﬁé conpri ses
a recess di sposed behind tthe skirt nmeans opposite the annul ar seat to
receive the dephaeregeat.skirt neans. 3. The safety valve of claim
2, further conprising nmeans adjacent to the recess for limting the
deflection of the skirt nmeans into the recess and for limting the 5
sl i dabl e engagenent between the skirt nmeans and the
4. The safety wvalve of claim 3 wherein, the
K;f limiting means comprises an annular nose contacting the
- skirt means and an inclined surface extending radially
10 outward from the nose, the skirt means and the inclined
surface of the nose defining an included angle in the
recess that decreases with increasing deflection of the

skirt means into the recess.

5. The safety valve of any one of claims 1 to 4

15 wherein, the skirt means has a maximum diameter less than
the diameter of the lower section of the second
longitudinal bore, but greater than the diameter of the

annular seat.

6. _ The safety valve of claim 5 wherein, within a

Yy 20 region between a first diameter less than the diameter of
the annular seat oﬁ the annular shoulder and a seéond
diameter greater than the diameter of the annular seat,
the skirt means comprises an inclined-surface in facing

relation to the annular seat.



annul ar seat. 4. The safety valve of claim3 wherein, the I|n1t|ng
means conprises an annul ar nose contacting the skirt means and an inclined
surface extending radially 10 outward fromthe ans and

the inclined surface of the nose defining an n”“ﬂmmuﬂ m“u“[nﬁe F ecess -
that decreases w th increasing defl ectgon. of the" skirt ito tha
recess. 5. The safety valve of any one of clains 1 to 4 15 wherei n,
the skirt means has a maximum di ameter |ess than the dianeter of the Iower
section of,the SeCOﬁ'ﬂe' ea%wdbaabebe?eanP%ner 82t ghet Baectelaan@l amet er of

t he annula£ ? h n he safeté of cl?g g ereh W t hin a '
20 regi on®b BEeK ﬁrFFPsf §i SfdlcPepB spfﬂﬁﬁdfﬁead Hifefedt PREVESAUI ar .
seat on thheapmltan shaunkdendatteasseonddldngieudinglchbere wltan the '
di anet er _ ~.ann .seat,. th brt I.Ses bGl i qurface
A QB r@Q ghﬁgﬁﬁi Tﬁﬁgfn Eb%h't §.7°HPS %8”2&5%?: &Aﬁ@ JME% (’%@%ﬁ ace
The saer?OVHBWetgfahnytoﬂé Qﬂotnelprecedlng cl ai n8 wherein the seal neans .
provides a fluid seal between the piston means and the second | ongitudi nal

bore at péessur es r;ia,ﬂgl ?gffggzgmvglivgt ?% %ngrf%ptooafb% rec:elgDaé;( about 200

psi to about 15, 000 al ve any one& of the
precedlngcggghgswwggéghntﬁgelbg sgﬁ F&nogf eéggayaj | ongi tudi nal bore
further conprises second annular s er a second annul ar seat, and

wherein thgngitudinal bore further comprises a second annular

shoulder with a sécdnd annular seat, and Whefein the

.piston means furthei comptises-an'Oppbsitély diredted"Séal ' N
member having an inWardly:deflectable,'annu1ar-skirt means |

for contacting and slidably engéging the second ahnular

seat to prdvide a-fluid seal in the opposite direction:

9. A surface controlled, subsurface safety valve
éomprising a piston seal assembly_with at least one metal
to métal seal further comprising:

(a) an annular metal seat;

(b) a seal member having an annular metal skirt -,
means comprising a circumferentially exteﬁding outer et
surface of prbgréssively increasing diameter for engaging
the annular metal seat along said surface;

(c) a circumferentially extendingﬁﬁndercut
section behind the skirt means, the skirt meahs:beiﬁg . o
deflectable into the:gndercut sectioﬁ'upon'engagement with

the annular metal seat; and



pi ston neans further conprises an oppositely di rected-seal menber havi ng an

i nwardly defl ectabl'e, annular skirt means for con ' ﬂl“ bly
engagkng the second annul ar .seat to provide a fl u“mmmm“mj“ mposi te
directTon. 9. A surface controll ed, subsurfacecsatfetty Val Ve '
conpri®fng a piston seal assenbly with aﬂkDeast-one metal to netal sea
further. conpri sing: %gé an annul ar netal seat; (b)_. a seal nenber having an

annul ar netal skirt ns o Audiaty backur mRane diseesed drnth®g out er

surface of pr.ogressively increasi di aneter for, engagi.n he. annyl ar net al
seat al onguggf c rF&é:é%llo(“c%eg‘_lé’li]%ﬂﬁ eﬁt{'g‘rﬁq Y Y% %H?%g‘i FEHP P section
+behi nd theo§k'-t51te A0S J._tnhc[%nqztlﬂharetl%{1 neﬁ%z.trtb%;e{]%ido%.l ectable into the undercut

section upon engagement W Seat; and (d) an annul ar
backup nmeans disposed in the undercut section behind the skirt to limt the
“defl ection of the skirt into the undercut section. 10. The safety

val ve of chgim 9 whergiah daftetSKivahve BRI 41 Id§iheGUTH | 8168 @piFavardly
faci ng annul ar surface of progressively increasing dianeter, and wherein

t he angul ameBaek RrRRRS cCORPIISERS a3 idEddAly s mflatiall 40 septassd t he
inwardly facing surface at a point radially inward fromthe annul ar netal
seat. 10 oflprogressikelyafieicreasivey dfiametian,O a01d adereil® tHherei n t he
annul ar backup nmeans conprises an inclined frusto- conical shoe extending
radi al | y oannadarf beskupe means omprsises lan somlan ndse iadepted taci ng

surface of the skirt defining a circunferentially extending included
contact the inwardly facing surface at a point radially

L~} inward from the annular metal seat.

10 11. The safety valve of claim 9 or claim 10 wherein
the annular backup means comprises an inclined frusto-
conical shoe extending radially outward from the annular
nose, the shoe and the inwardly facing surface of the
skirt defining a circumferentially extending included

15 angle therebetween.

12, The safety valve of claim 11 wherein the skirt
means is deflectable towards the backup means when pressed
against the annular metal seat, the amount of deflection
being limited by the includéd angle between the shoe and

20 the inwardly facing surface of the skirt.

13. A metal to metal seal for use between the
interior wall of a conduit and a piston slidably disposed
therein, the seal comprising:

a. an annular metal seat to be disposed on the



15 angl e therebetween. 12. The safety valve of claim1l wherein the

skirt neans is deflectable towards the backup nme 'ﬁl agai nst .
the annul ar netal seat, the anmount of deflect|on1i m‘mmtmu t he T
i ncl uded angl e between the shoe and 20 t i nwar dl'y fach nd sdrfdce of~the '

skirt. 13. A netal to netal seal use between the interior: | of

a conduit and a piston stidably dlsposed therein, the seal conpr|5|ng a.
an annul arl"’ﬁ@creﬂorsé%ﬁ“t Chehfr RBH on tHR Sea? rﬁ'%‘ﬂ-%g 3R fngidene

' dui t, t ! de di th de-d t
of the. pi Siameter dRas i e s trEIR Eenten o ”gle%ﬁp%%ﬁ%brim'gagﬁ 3
I nwardly defl ect abI 8. annéjlia taltékﬂétdls ér?rt %n%f% and L

sl i dably engagi ng the annu Sea care |spose the
skirt - meang, onnqsl rﬁ%‘ﬂ:ﬁ §§@i aBfse ¢ctefd; skirt means;
and 10 & rIgg él?rglans adj"acent (—f‘%-- ryerg%lgfglf- ﬂ‘amtl%\g the

def | eef i Omefnd Ny Kadﬂta{@@m%lam émaé@pfs&ng&glﬁ@etﬁél dahheagngagenent

bet ween the skirt neans and t'he annul ar seat to prevent fluid bypass
bet ween t kspnul ar -seat and t he seal neans. 15  14. - The netal to
netal seal of claim 13 wherein the skirt means conprises an inclined
~surface in facing retat irecesmcddisposed baaindnthe xsleidt ngegpsween a
first -dianeter |less than that of the annular seat and a second di aneter
great er t le@paside dthe ranmunan eﬁe@éato rereive the deflpetedtakirs netal

seal of claim13 or cIa|m14 _
means; and :

10 d. means adjacent to -the recess for limiting u
the deflection of the skirt means into the recess and the
- slidable engagement'betweehlthe skirt means and the . S -

annular seat to prevent fluid bypass_between the "annular

seat and the seal means..

15 14. The metal. to metal seal of-elaim'13-whe£ein the
skirt means comprises an ihclined surface-in facing -
relation to the annﬁlar seat and extending between a first'
‘diameter less than that of the annular seat and a_second'

diameter greater than that of the annular seat.

20 15. The metal to metal seal of claim 13 or claim 14
wherein the limitingfmeans comprises an annular nose-
contacting the skirt means and an inclined surface . N ”
extending radially-outwardufrpm.the.nose,-the.skirt means
and the inclined surface of the nose defining an included
25 angle in the recess that decreases with increasing

deflection of}the skirt means into the recess.



wherein the limting means conprisés an annul ar nose contacting the skirt
means and an inclined surface extending radially outward-fromthe nose, the

skirt means and the inclined surface of the nose defj '[ ' 25
angle in the recess that decreases w th increasing dH"lgﬂmﬂm H skirt
sedd a

gonpri sing: (a)

means ™Mito the recess. 16. A neﬁ%lélp met al

stationary annular netal seat; (b) a novabl € netal ‘seal nenber opposite the
stationary annular netal seat, the seal nenber having an 5 annul ar netal
skirt with an overlying, outwardly facing surface angul arly di sposed

rel ative t86the annuPamehslaltas@stal el GIRTHSNGT ace contacting the
iannul ar

under | yi ng surface f&&hgadhfFBRThe MG e h S83t! seat: (c) a

cinderTying surfate. (&) af BRVARE B SRa SRR, PSR TRt d behi nd
contact  t hE THTBARNA Srafstl dEA S TRD Sehs RIRSS ndPE NRE T
overlygng §H§L§%?y§@gmhh%ﬁagﬁg%#ﬁﬁﬂgﬁﬂoégyyyiﬁguiéﬁkggﬁ%gpgﬁ% t | ar shoe

extending radi a

met al seat as the seal nenber is noved proxjmal thereto, and an

out war e annul ar nose',

under | yi ngsavehbeee adigull@ 15K idilsptibed Gt RE b | #15d Uskath 8| fetal

t herebet ween; (e) the skirt being deflectable toward the backup neans when
pressed agsesast the aveHlsingeisalr faeel cdritactimunitid dsleld et imetdei ng
limted by the included angl e between the shoe and the underlying surface
of the

—

10

15

20

25

seat as the seal member is moved proximal thereto, and an
underlying surface facing away from the annular metal
seat;

(c) a circumferentially extending void behind
the skirt and adjacent to the underlying surface;

(d) an annular backup means disposed in the
void behind the skirt, the annular backup means having an
annular nose adapted to contact the underlying surface
radially inward of the contact between the overlying
surface and the annular metal seat, and an inclined
annular shoe extending radially ocutward from the annulai
nose, the shoe and the underlying surface of the skirt .
defining an included angle therebetween:;

(e) the skirt being deflectable toward the
backup means when pressed against the annular metal seat,
the amount of deflection being limited by the incluaed
angle between the shoe and the underlying surface of the

skirt.

17. : An apparatus comprising:



25 skirt. 17. An apparatus conpri si ng:

substantially cylindrical bore; a piston and. rod'slldabl di I nsi de
the bore; neans for transferring a bearing rod IoTﬂn““nm ﬂ; rod to-

t he housi ng; and seal mneans. for providing an annul ?1U|d
tight seal between the piston and bore wh er the plston |s S|tuated
predet erm ned point inside the bore, said seal means conprising a seal
member 10  having are drorasing meith sesubshanthalivactljndeicedt bore:
annul ar netal skirt means for contacting and_seal ably engaging the annul ar
netal seat. 18. - aTMkS§$Ba§%§u§°6fSg+6?9417d$ﬁﬁpéﬁﬁ iRsigeaitdef or
transferring a bearing | oad through the rod to the housing 15 further
conpri sing 's for isolating the seal neans from part of the bearing

| d. 0. h 8 wh h i | i
et cal means f1om J6 ?""ﬁ%‘ﬁﬂ?]ﬁ2@5%%%%5%%3%625%5#?%5g’éﬁ”iﬁﬁ% ar ohoul dar

in the ousl ]leggg r §E§ co cted to the rod for abutting
t he shéﬂlder ?ﬁl 5%%u 6a£ﬁ§t%§§ 7t ﬁgé contacted and seal ably
engaged the annul ar nglal [eshs 20r proviall§ aRPahALYErof meltaumtlﬁ wherein
the retainer nmeans conprises adjustable neans for- sel ectively 25
control I i ngnd) PaFiudd H@aeegéangbéeaéeﬁr@nwbhshohhana bore
whenever the piston 1s-situated-at,a.predetermined-pointa'
inside the_bore;lsaid seal means comprising a seal member |
10 havihg an annular'métal seat-and-an inwardly deflectable, NG

annular metal skirt means for contacting and Séalably_

engaging the annular metal seat.

18. The apparatus of claim 17 wherein the means for-
transferring a_bearing load. through the rodatOgthe'housing
- 15 further comprising means for isolating the seél'means:from

part of the bearing load.

19. -The.apparatﬁs of. claim 18,wherein the means for
isolating fhe seal means from_part.of.the.bearing load - .
comprises an annular: shoulder in_the'housing and a

20 retainer means connected to the'rod'for-abutting the
_shoulder after the annular metal skirt has contacted and

sealably engaged the annular metal seat. -
20. '~ The apparatus of claim 19 wherein the retainer

means comprises adjustable means fcr.séléctively

25 controlling the part of the bearing load from which the -



seal neans is not isolated. *» C L M S * 21, A safety
val ve provided with a netal to netal seal and c —anged for

use and operation substantially as described herein w to the 5
acconpanyi ng draw ngs. 22.°" A netal to netall !““n E“ﬁ“ﬂﬂ and
arraﬁbéd for use and operation substantt@k&y as d A rean=with

reference to_the accgnpan¥ing dr awi ngs.
seal means is not isolated.

ey

21. A safety valve provided with a metal to metal
seal and constructed and arranged for use and operation
substantially as described herein with reference to the

5 accompanying drawings.

22. A metal to metal seal constructed and arranged
for use and operation substantially as described herein

\_/ with reference to the accompanying drawings.




