WO 02/ 1177496 PCT/ US02/ 09003 23 SEP 2005 METAL- TO- METAL SEAL W TH SOFT
METAL | NSERT BACKGROUND OF THE | NVENTION Field of the Invention The
present iwoOdntiToer el at es general ly -to annul ar net al -t o- mrePal/USex{*wos or
establishing pressure tight sealing engagenment with one or nore annul ar
metal conponents. The present invention is particul arl y23aSEP 2008 e for use
when tubular 5 elenents are positioned end-to-end in a manner defining a
joint therebetween, with the nmetal-to-nmetal seal assenbly having an

el astic conponent providing a joint seal having a substantially constant
radial sealing force. More particularly, the present invention concerns an
annul ar sealing assenbly permtting the use of a high strength seal

carrier body to which is retained an annul ar seal insert conposed of soft,
10 corrosion resi MBRALAEOaMERALISEAL IMITHSORT IMETALoINSBRE by seal
activating force of the seal carrier body to conformto the surface
geonetry and finish of a sealing surface and thus establish an efficient

hi gh pressure seal therewith. Description of the Prior Art A netal-to-netal
seal is described as follows in US Patent 4,471,965, 15 comonly assi gned
herewi th: A metal -to-nmetal sealing systen1|nclud|ng an annular netallic
seal elenegk ) N PG 1a Wl ' N sealing face of round or curved,

as di sti ngutrshet—rromant - at5— cross-sectional configuration, and
a cylindrical I WO 02N177496 PCT/U802/1190113 23 SEP 2005 netallic surface
agai nst wirield éfftheInoéntigh | i p presses in a fluid-tight relationship. The
cylindrical surface has a | ead-in chanber on at |east one end to facilitate

g installation  The present invention relates generally to annular metai-to-metal seals for

establishing pressure tight sealing engagement with one or more annular metal
components. The present invention is particularly applicable for use when tubular
5  elements are positioned end-to-end in a2 manner defining a joint therebetween, with
the metal-to-metal seal assembly having an elastic component providing a joint seal
having a substantially constant radial sealing force. More particularly, the present
invention concerns an annular sealing assembly permitting the use of a high strength
seal camier body to which is retained an annular seal insert composed of soft,
16 corrosion resistant metal which is sufficiently deformable by seal activating force of
the seal camrier body to conform to the surface geometry and finish of a sealing

surface and thus establish an efficient high pressure seal therewith.

Description of the Prior Art

A metal-to-metal seal is described as follows in US Patent 4,471,965,
15 commonly assigned herewith: A metal-to-metal sealing system including an annular
metallic seal element having a sealing lip with a sealing face of round or curved, as

distinguished from annular or flat, cross-sectional configuration, and a cylindrical



of the seal elenent into an interference fit against the cylindrical
surface, and that surface has sufficient axial |length to accomobdate

rel ati ve MdntgA7TI#I6nal novement 5 between it and the seal i ngpdi/ps@swbiese
metallic el enents expand and contract in response to changes in
tenperature. Thus under normal operating conditions such23aSER20#8e existing
at tines other than during a fire, the seal systemfunctions as a pre-|oad
netal -to-netal seal, and when subjected to a fire or other greatly el evated
tenperature the interference fit assures that a fluid-tight seal is

mai nt ai ned even though significant 10 |ongitudi nal or radial novenent

bet ween the seali and the cylindrical surface occurs. Furthernore,
during coo!neﬁ’gléﬁﬁ‘-l”?a@ﬁ%ﬂ%w hietpthe sealingslip pressestireg fluidstipht ebionslipl Thermai ns
intact. The result is an effective and reliable netal-to-netal sealing

syst em whi elindrioali shefacé has al idad gh tch@fhBe:sS o @t lféﬁﬁttdn@ena\/té rfaé‘ihi’a% Yn ljd‘ﬁo
tenperature range, for exanple for 1200 F. to mnus 75 F., ﬁcan

be sati sf aft @i deXl dBmeAPiAY &H du@rﬂéﬁ:'nl:é"?ﬁ%gﬁ%ﬁo Jyl gﬁpéles%%bgﬁcf'% t

appl i cations where varying tenperatures

&252?’”&2; éﬁ%@ﬁfﬂce%*%%i?ﬂ@a' 7k eé‘r%?;&%% ISCERTR BESRS
requir i.gher stren oys to prOV|de structural integrity and sealing
f or ce. e'geéw 3‘5? %?F’Lm&rlh" a9 thgsganstaliiseelemanty atxpand| and bontreet Sp

surface and subsea connectors, flowbores and generally throughout well head

equi prrent .TeSPRASE to eligees indempemteeat Thof ubdee @kl matlﬂgaébﬂd&xm sueh kg0, 000
psi yield. These seals work by plastically deformng a small i

( 12/ 077498hEET4EDZ/ 0 ks 3th3 tHERRLSAQS ﬁ"e%e's@il%%ﬁeﬁﬁﬁﬂ[: 0&0&0&8&91 oulr face.

The seal contact area is generally small, and ese seals are generally

(with a fQHe@KaopbipRS] and WnchSHtBRA 1o ChEER: ot (gyg%”oﬁggrgpgrg&}rg

requi renent, high strength nick oys are Se
These (ot illBerBfoe RIS fat £ASHLE TSl 10 ket OF L0n o sfinrcie: °"

gal I'i ng.

10  longitudinal or radial movement between the sealing lip and the cylindrical surface
occurs. Furthermore, during cool down from high temperatures the integrity of the
seal remains intact. The result is an effective and reliable metal-to-metal sealing
system which provides fluid-tight pressure control over a very wide temperature
range, for example for 1200° F. to minus 75° F., and which can be satisfactorily

15 employed in wellhead equipment as well as other applications where varying {
temperatures and/or pressures may be encountered.

Current rigid metal sealing technology, such as Straight Bore Metal Seals
(SBMS), and FX Bonnet gaskets, and R¥, BX and AX gaskets require higher strength
alloys to provide structural integrity and sealing force. These types of seals are

20 widely used in gate valve bonnets, surface and subsea connectors, flowbores and

generally throughout wellhead equipment. The strength requirements of these alloys

can be up to 120,000 psi yield. These seals work by plastically deforming a small

2




5 bjects of the Invention A primary object of this invention is to provide
a high performance and low cost netal-to-netal sealing assenbly for use in
hi gh preswdri/ggeds applications including straight bore nBCEIUSSEENE SBVE)

- of the nature set forth in U S. Patent 4,471,965 and further capable of
bei ng enpl oyed as rough casing netal seals 10 (RCVS), FX2bhsmpetoosaskets,
RX, BX, AX and other currently used netal-to-netal seal designs. SUMVARY
OF THE | NVENTI ON A novel concept for high-pressure, netal-to-nmetal sealing
whi ch enploys a 15 high strength nmetal seal body or carrier which
facilitates application of spring energy or preload force to a soft netal
i nsert carried by the seal body to acconplish high pressure netal-to-netal
seal i ng evaea imdei smooothi ¢pmsmgcinfponr Thesédconfichah iogendrallye gmhBy awbal i ng
surface geonetry. The present invention has application to rigid

netal -t o- npeR! séfs!ark egéﬁ@ﬁﬂl@gggvﬁml el Retcepitions c}gh{ot Beufbléet Dficaealue. tdX
Bonnet 20 Gasket Seals AX gaskets and others. The present

i nvention e ant
seal st rrponfepicen, MR GNER i GRLbAG S ORI e s sefls TR D

I nvol ves se rat| t he, struct.ur | ement 02/ 077496 PCT/ US02/ 09003 23
SEP 2005 (oEyHaY B%WH@VB&@&PW@%W% ep arﬂ%&eaandcaaﬁ%m erential
insert). Seal desi using this technol ogy enpl oy one or nore soft netal

i nsert s t h@bjesteof ERrdoy pressing, shrinking or other retention
mechani snms on a higher strength seal body or <carrier. The higher strength

seal body el ast Acpdilyrydebjectal thisdnmntivhdeso prasjide nbigh wnfongynehardabiver i stic
to activate the seal, plastically deform ng the soft nmetal circunferenti al

seal | nseréostﬂhﬁ&al-fbihﬁuleﬁéalﬁgeasmh Sof GG Bfphl pRAdife 3eal0 aflithtiBgs and
protects the soft netal circunferential sealing el errent agai nst pressure
and including straight bore metal seal (SBMS) of the nature set forth in U.S. Patent
4,471,965 and further capable of being employed as rough casing metal seals
10 (RCMS), FX bonnet gaskets, RX, BX, AX and other currently used metai-to-metal

seal designs.

SUMMARY OF THE INVENTION

A novel concept for high-pressure, metal-to-metal sealing which employs a

15  high strength metal seal body or carrier which facilitates application of spring energy
or preload force to a soft metal insert carried by the seal body to accomplish high
pressure metal-to-metal sealing even under conditions of poor surface finish or
irregular sealing surface geometry. The present invention has application to rigid
metal-to-metal seal technology including Straight Bore Metal Seals, FX Bonnet

20  Gasket Seals, RX, BX, AX gaskets and others. The present invention represents an
improvement to the High Pressure Fire Resistant Seal set forth in U.S. Patent

4,471,965. The concept of the invention involves separating the structural element



mechani cal abuse. This type of seal increases contact area, allows |ower
alloy materials (such as 410 stainless steel, 8630, or 4130 steel) to be
used for tWROHBOYoof 10 the seal, prevents galling, and al seceUsmM®IbhE
soft nmetal seal inserts to be replaced, thus enabling reuse of seal

bodi es. The soft metal circunferential insert will also 2alSERRMiSder

machi ni ng tol erances, and seal against surfaces that have defects, such as
scratches. This seal design may also be tolerant to slightly oval shaped
seal bores. The sealing concept of the present invention represents an

| nprovenent over netal 15 seals that sinply have a soft coating on the
surface or require the soft netal to be welded to the high strength
conponent . (Red3)} frags theasealing lement (saft/ metal cutwnfdrential inseit)c aSeatdesigns | ar ge
defects in the sealing area. Welding the soft netal to the high strength

conponent usiug thisnghesiogy , enspipe e, orafdrd kot betiP gt thaed8 Ghitiile /By MaY
preclude reuse of the seal. 20 Current high pressure netal sealing

t echnol sESniShE : : ' ' . S.
Pat ont 4 40y ni2hg B Wier 2eleRIO hitehanih by o B R S Bl ey ana
AX I ' el th all t ' 4 12/ (177496

pCT) Usoz/ 1 Eate 3 T3 Hither SRR, S o) Cotslehl el i brovidagh sPEIRE These
types osf seal s \?Jle Wi de%aused_ in gate valve bonnets, surface and subsea

connector sSPFEIOWIHBFIELS do Retn e sarlorjestigally defpaeing athge soft metal head
equi pment for the petroleumindustry. The strength requirenents of these
al |l oys cancipamigrentinl sed it pben yisedllzd. TFresegl sabsgthusastbody 20 Sonfines
plastically deform ng a small annular area of a seal elenent or projection

into a snaml brotyepotiengofa metkhrcisealdragias UeAlage clckhéht SRAnSt Wikdble ahea 1S
generally small, and these seals are generally (wth a few exceptions),

Lo o R 116 99140 Sk SRR o BL AW B
causing thg.saak TsukR 0910 5908 &8{1??&3%, oF Rfﬁ?gt'eegstg s iug‘leci ¥ori tj'le %Qéfy of
10 the seal, prevents galling, and also allows the soft metal seal inserts to be replaced,
thus enabling reuse of seal bodies. The soft metal circumferential insert will also
allow wider machining tolerances, and seal against surfaces that have defects, such as
scratches. This seal design may also be tolerant to slightly oval shaped seal bores.
The sealing concept of the present invention represents an improvement over metal
15 seals that simply have a soft coating on the surface or require the soft metal to be
welded to the high strength component. Coatings have limited wear/corrosion life
and cannot fill large defects in the sealing area. Welding the soft metal to the high
strength component adds complexity, expense, and limits material selection and may
preclude reuse of the seal.
20 Current high pressure metal sealing technology, such as Straight Bore Metals

Seals (SBMS, described in U.S. Patent 4,471,965), Rough Casing Metal Seals, FX

Bonnet gaskets, RX, BX and AX seals require higher strength alloys to provide




10 seals can only be installed once and then di scarded, the inpact of seals
cost is significant. Using higher strength body of a | ess expensive
mat eri al , WA @297249¢oft metal insert made froma nore corroFCAWIEIWE ant
" material, will inprove performance and reduce costs in netal-to-netal
sealing. In addition to being reusable, the soft netal Ras@E200s1 allow
I nteracting seal conponents to have wi der nachining tol erances, 15 enabli ng
seal i ng agai nst sealing surfaces that have defects, such as scratches or
poor finish. Currently technology requires that the sealing surfaces be of
32 mcroinch RMS quality or better. The soft nmetal seal inserts of the
present invention will function efficiently even when the surface finish

of the sedepling fores and strpcduig} integrityt hEhesettypas ofesealy arp pyidaly) ysed dgBafeed at
the present tinme. 20 5 WD 4)214)77-t196 PCT/ US02/ 09003 23 SEP 2005 BRI EF
DESCRI PTI GullvarbadetsPRANCAGE] Sabseh @abnhdreompfloerbares addl genetally thivaghouteci t ed
features, advantages and objects of the present invention are attained and

can be undgist pRge | 6F GRlIBEAd eGuipRieat PRE T iheUpétoledta S fiduftty. ONTRE G
i nvention, briefly summari zed above, nmay be had by reference to 5 the

pr e o e SRR IEOLe WIS S Wk 50 i)t 5 \THAS HRRSOAGh
novever, LISLiale ARRSRted L ntt.l LSS BLE Pl s LYBLcal  ertod ron

scope, for the invention may admt to other equally effective enbodi nents.
10 I n the soxonih wgposity gnnulari ssabing sadarsnt dhg seal roptagt acads igeneraly smaldl | head
assenbly for an oil or gas well, showi ng a nunber of uses of a
net al tIt 8;1 @Hailesfeﬁalmg:esgeaémﬂy dwinhdy ifeng dxieeptiqus), it pewsablef  Offten pdwes ent
e ,corrosion requirements, high strength corrosion resistant alloys (CRAS) are selected
for these seals, thus causing the seals to be of considerable expense. Especially if the
10 seals can only be installed once and then discarded, the impact of seals cost is
significant. Using higher strength body of a less expensive material, with a soft metal
insert made from a more corrosion resistant material, will improve performance and
reduce costs in metal-to-metal sealing. In addition to being reusable, the soft metal
insert will allow interacting seal components to have wider machining tolerances,
15 enabling sealing against sealing surfaces that have defects, such as scratches or poor
finish. Currently technology requires that the sealing surfaces be of 32 microinch
RMS quality or better. The soft metal seal inserts of the present invention will

function efficiently even when the surface finish of the sealing surfaces is of less than

that being typically required at the present time.



15 Fig. 2 is a fragnentary section, on an enlarged scale, of a

netal -to-netal sealing systemaccording to the present invention enployed
to provi dVQAOHETAM6 t 0- netal seat between a val ve bonnet armtTUSElov@sbody,
or between two line flanges or other flanged annul ar elenents; Fig. 3 1is
an enlarged fragnentary section of a netal-to netal seat 22&EP2Z005g to 20
the present invention between two pipes interconnected by an external pipe
coupling; Fig. 4 is a sectional view of an annul ar seal body enbodying the
principles of the present invention; 6 WO 02/ 077496 PCT/ US02/ 09003 23 SEP
2005 Fig. 5is a fragnentary sectional view of an end portion of the

annul ar seal body of Fig. 4 showing an annul ar seal groove fornmed in an
annul ar seBRIEY RESCRIPTION @F THE DRAWINGSd further show ng a soft netal
sealing elenment located within the annular seal groove; 5 Fig. 6 is a
partial sectiongb thitalé RlanAé iAWAMER thes®BYe RRAYI RAMIEY a&vﬁ%ﬁ%s o @ﬂ,jecé eal i ng

insert located in annular end grooves thereof and represen

alternativ vent 7, 0S e naI

vi ew of an‘Oatf;ltrlllﬁ?;Pég ?d'h{;%g I|1tir)1fjg§1 ééljége y%%ﬁ%‘% e%ooéﬁm%%lo&%ﬁf’

present i n ent.i on aﬁglp havi n annul ar seal ing |ips, each being 10
provi ded ?Sﬁnaﬁ'mo%ﬂ Siavey qn eéb’ wigunarizgd jahe s, tmay-be; hag by gefgrenae 19 al
sectional view of an annular seal body having a soft metal sealing insert

| ocat ec® i nthgrprafemedarmbpdionent shergof avineh & ilbstiatedginl the dppendgl dragames; al | y
circular or curved cross-sectional geonetry; Fig. 9 is a partial sectional
vi ew of anwhrhuk@&rvingsate inodiporsaed aga parshérkofet al 15 sealing insert |ocated
in annul ar sealing lip having an annul ar sealing face of substantially

planar confi gurRtjs @ be noted however, that the appended drawings illustrate only a typical

embodinient of this invention and are therefore not to be considered limiting of its

scope, for the invention may admit to other equally effective embodiments.

10  In the Drawings:

Fig. 1 is a fragmentary vertical section of a wellhead assembly for an oil or gas
well, showing a number of uses of a metal-to-metal sealing.system en;bodying the
principles of the present invention;

15 Fig. 2 is a fragmentary section, on an enlarged scale, of a metal-to-metal
sealing system according to the present invention employed to provide a metal-to-
metal seal between a valve bonnet and a valve body, or between two line flanges or
other flanged annular elements;

Fig. 3 is an enlarged fragmentary section of a metal-to metal seal according to

20  the present invention between two pipes interconnected by an external pipe coupling:

Fig. 4 1s a sectional view of an annular seal body embodying the principles of

the present invention;



Fig. 10 is a partial sectional view of an annul ar flexible high strength
netal seal body having a soft netal sealing insert |located in an annul ar
i nsert red¥@92/BHdY6 bei ng secured in assenbly with the annulP&T/\E821i0ddy by
“aretainer ring; 20 Fig. 11 is a partial sectional view of an annul ar
flexible high strength metal seal body of generally cyl 2RGERC2005 nt er nal
configuration and having a pair of soft 7 WO 92/077496 PCT/ US02/ 09003 23
SEP 2005 netal sealing inserts |ocated in annular insert grooves within
respective extremties of the annular seal body, 4* Fig. 12 is a partial
sectional view of an annular flexible high strength netal seal body
defining a plurality of internal annular sealing projections, ridges or
bunps 5 each defHigi his adragmentazy seqiivoak viewcesan énsdportjonrofdheamnulasedal net al
sealing insert retained therein for sealing engagenment with a respective

annul ar seabiyef Big i 3B6wing6l anhilgr 363l pfvose foragdinininhutactaliipprojécayn of a
pair of an annular flexible high strength netal seal body having an annul ar

i nternal seali .86 td el -al.nl ng an
annal ar soff hepflofiafl fuRter vihgd Mk wRAMAng A HERS 3A0KR R 1D 7
seal i ng enga rrentlvvith .an annul ar external sealing surface of a tubular
nenber dis & 3/ $8PE%coping relation with the annul ar metal seal body.
DETAI LED DESCRI PTI ON. OF PREFERRED ENBODI MENT Referring now to the draw ngs
and first to Fi §ag- @ isshparpial sechpnal view of@n annulasseab hody, hawps eseftemslyi ng
the principles of the present invention is shown to be provided for sealing
a nunber ofeglimgrinserpiocateden lansaldr end gmosted thero€ and Irspresenting aetadtbrmativeret al
;seal ing systemconprises an annul ar nmetal seal body el ement shown

general |y 2inbblinfkit bfithePrestiinhvaitiodase portion 12 which defines at |east
one annular sealing |lip 14 projecting radially toward and establishing

metal -to-nmetal §§al41g , sectional view of an annular sealing assembly representing an

embodiment of the present invention and having four annular sealing lips, each being
10 provided with an annular soft metal sealing insert;

Fig. 8 is a partial sectional view of an annular seal body having a soft metal
sealing insert located in an annular groove of an annular sealing lip having a generally
circular or curved cross-sectional geometry;

Fig. 9 is a partial sectional view of an annular seal body having a soft metal

15 sealing insert located in annular sealing lip having an annular sealing face of
substantially planar configuration;

Fig. 10 is a partial sectional view of an annular flexible high strength metal
seal body having a soft metal sealing insert located ; an annular insert recess and
being secured in assembly with the annular seal body by a retainer ring;

20 Fig. 11 is a partial sectional view of an annular flexible high strength metal

seal body of generally cylindrical internal configuration and having a pair of soft



20 engagenent with an annul ar surface 18 which may be a tapered surface as
shown in Fig. 1 or a cylindrical surface as shown in Fig. 2. { 8 WD

412/ 077496VPEHB02/ 09003 23 SEP 2005 As is shown in great ecraeuamboszn Fi g.
2, the annular nmetal seal body 10 of the netal-to-netal sealing system has
an annul ar soft netal sealing insert 14a, being supportedSEFI0NEN i nsert
groove of the annular sealing lip 14 and defining an annular sealing
surface 14b. The annul ar sealing surface 14b nay be of curved cross 5
sectional configuration, cylindrical cross-sectional configuration or any
ot her suitable cross-sectional configuration w thout departing fromthe
spirit and scope of the { present invention. As is also shown in Fig. 2,

t he annul ameigbigaling insers lachied e erfiulardnsest groovesawithig respective extsmities phes one
or nore flexible annular internmediate portions 16 being integral with and
ext endi ng the ammilirsealudyar base portion 12 and having the 10 annul ar
sealing lip 14 with its soft netal insert 14a projecting therefrom The

1 exi bl | apigl | | | d
exible annul apigl s ¢ HRAAFa SefRihl OB% JOaPLYIISCALABIMBH sBEn B8 hoAPdY

with a spring-1li acteristic, so exi bl e“annu .
I ntermedi at.e, por.tiens 16 begone.fl exed an t hus prel paded ,duri assenbl y
and thus cHAt l?%@o{?g%%? Bfé)”?clﬁ% of HiterPal, g-%(iSﬁaglqgi;ﬁomﬁ?q;, Pfigess%tf%ﬁ al
~insert against_ an. annul ar sealing surface to naintain interference 15

seal i ng t h@F@\M@?lﬁl.ngTﬁb agpidal HiseR datesh haying can annian pely mefalpsealing gasssy i n
substantially concentric relation wwth a nmenber 17, such as a tubul ar
menber of wtawed thesain fonssabing lepgagamient witle abespectfe aveslaasedlingsurfaces andnul ar
seal ing surface 18 agai nst which the annular sealing insert 14a is pressgd
in an interferefige3fista fabmehansticiiomlanew f a ﬁﬂﬂ@f%ﬁl dalar FReiblé highn
functional position. A lead-in chanfer 20 on the cylindrical 20 netal

surface ors;ahih hetaPSOMi KRS BviRARS ahfuh fhéhhl §3GndHb]eh &+:‘P body
10 into its rllustrated functional pos%ltplﬁ%n and toggg:}cjoeml)?rl{rgh g%ﬁlng and
prel oadi ng, @l B8 recess containing an annular soft metal sealing insert and with the sealing

10 insert shown in sealing engagement with an annular external sealing surface of a

tubular member disposed in telescoping relation with the annular metal seal body.

- DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

Referring now to the drawings and first to Figs. 1 and 2, a metal-to-metal

15  sealing system embodying the principles of the present invention is shown to be {
provided for sealing a number of joints of a wellhead or conduit assembly. The
metal-to-metal sealing system comprises an annular metal seal body element shown
generally at 10 having an annudar base portion 12 which defines at least one annular
sealing lip 14 projecting radially toward and establishing metal-to-metal sealing
20 engagement with an annular surface 18 which may be a tapered surface as shown in

Fig. 1 or a cylindrical surface as shown in Fig. 2.



annul ar seal body 10, and particularly its flexible annular internediate
portions 16 to 9 WD 02/077496 PCT/ US02/ 19003 23 SEP 2005 ensure its
spring-|i M@ ®287261 e nmetal -to-nmetal sealing engagenent w trCTh&soeydiondri cal
" surface 1 S. The cylindrical surface 18 is designed to have an axial length
that is adequate to ensure that the sealing face of the23sHP2008al insert
Is always in netal-to- netal sealing contact with the annul ar surface 18
regardl ess of relative novenent 5 therebetween in response to tenperature
fluctuations or di mensional changes responsive to pressure. During
assenbly, the lead-in chanfer reacts with the soft netal seals 14a and the

annul ar sealing projections to cause preloading of the internediate
sections 16 so #BRat shavé imgrepterdetaildndégt2, dhs apradammetal ssad doflprl0 efothei nuous
application of spring force to the annular sealing lips 14 to naintain the

10 soft nehwtalsealetal gealigesysiernfhashen ammildragofs emdtalngealingSinbdit 194 ebéiag ence
sealing with the annular sealing surface 18 of the nenber I'n the

17.
embodi ment Wad WithFindnsett grlobfe B M Anubp alﬁgquei@aﬂél it % a?ozﬁflm& al

web portion 22 that extends radially fromthe bBa portion It into

relieved areas 2 and, 24b, in t adj;acent .fac 26 and of _annul ar

f1 anges orsc(??iﬂ%rsuég%%lgg Sﬁ%%ﬁ&é@,se@&g f)%%gr f@” i gf’o%i]ﬁ'éwfﬁecrgﬁﬁul ar
seal body at the joLnt between th adj acent f%%es and ensuring its
retention F‘f?t‘f’ﬁ"jtc"[‘-%%'ﬁ?‘?%.cm& fressRechpgal cpntighgation (o5 AgR Sther syitalie
structures defining the adjacent faces 26 and 27 can be conponents of a
casi ng hea€@rog®sectional tongchessign 3witheuthilepeitinga from 3He spiitubnd soopd ef th86 or
to awde variety of other structures where netal-to-netal sealing with

internal opresatitétveation. 2@ sdnalsb ahosnrih FE 2, itke demildradal Bsdyf of thberethdi cat ed
in Fig. 1, the nmetal-to-netal sealing systemof the present invention also

- can be uti ke#fdedling3y¥eil 182 defifs Ohe AMd8 Tikible 38MkIaA htdfleWBR pdrtions

16 being integral with and extending from the annular base portion 12 and having the
10 annular sealing lip 14 with its soft metal insert 14a projecting therefrom. The flexible
annular intermediate portions 16 provide the annular seal body with a spring-like
characteristic, so that the flexible annular intermediate portions 16 become flexed and
thus preloaded during assembly and thus continuously urge the annular sealing lip
with its soft metal insert against an annular sealing surface to maintain interference
15  sealing therewith. The annular seal body 10 is adapted to be disposed in substantially
concentric relation with a member 17, such as a tubular member of a wellhead
assembly, which member defines at least one annular sealing surface 18 against which
the annular sealing insert 14a is pressed in an interference fit relationship when the
annular seal body is in functional position. A lead-in chamfer 20 on the cylindrical
20  metal surface or wall 18 provides a means to install the annular metal seal body 10
into its illustrated functional position and to accomplish flexing and preloading of the

annular seal body 10, and particularly its flexible annular intermediate portions 16 to




10 WO 02/ 077496 PCT/ US02/ 09103 23 SEP 2005 mandrel casing hanger 42 and the
tubi ng head 32, (2) a bushing seal 44 between an annul ar hanger bushing 46
and the tWooyoMend 32, (3) an annul us seal 48 for tubing g852eRRP! I Ngs
50 in a dual tubing string conpletion systemand (4) an extended neck
hanger seal as shown at 52. 5 Since the annul ar seal i ng faggEpofogshe soft
nmetal insert of the annular sealing lip is relatively narrow, and may be
of rounded cross-sectional configuration and is significantly softer than
the cylindrical sealing surface, i.e., fromabout 115d' to about 1/3 d the
yield stress of the elastic conponent of the seal, it will not cause danmage
to the cylindrical sealing surface against which it is pressed when the
annul ar - seSISUFy! eprRaHike Sorpiblel matal-tonwitalmealing emzagéhbnt vagP gRt cyliadiibg
cylindrical sealing surface. This small dinmensioned sealing face al so

i | swfacexiSal Titesali | | i
pernits niswfaca saflindeic 3urfaed WBEH delRned 44 h:agfgg:g aﬁﬂﬁ%xﬁ?gﬁ% isq

cooperative cylindrical surface, such as for exanp tween

hanger andadeffateddRhfiire ¢ W lenlihd dated. Tests on wel | head

equi pment uc%eial i zing a metal -to:'ﬂr]%‘fzglr %sceiatﬁggé@%ﬁe‘ﬁf%@iai‘&aysﬂ metabior net al
sealing i cordi t.g the teachi ngs of the present invention, have
shown tha’?ﬁjl t esg%%Paé‘gdt%‘?rW&E% alElacsf 1§ esspdt iglagive trhevesment

el emant5 antg tBe C%| Lndrical surface can be as rough as 125 micro-inches

R MS. > witHSOEMEBp M CRREE tohdemperptire | Gactnatimsobr tdimeasishal Thires
advant age contrasts significantly with the highly polished surfaces

requi red iTRSEOBSECdoheresswet. alDunpgnessedible ahé hendsivisdhafifer RRks RLEY ifle S0 cost
reducti on opportunities in the manufacturing process. A seal that Is an

etahae ' ' ] (
exanpl e chetahaseaesita hedl the ahgilap acamck é}g@g@fﬁ}s @Qaﬁgﬁpr_%g%dﬁ%céﬁ&hﬁw E

endurance testing. Testing was done at twe
11 WO 02/ QriédiledibteTsbRB OBPAR that the intermediate sections become flexed for

continuous application of spring force to the annular sealing lips 14 to maintain the
10 soft metal sealing inserts of the annular sealing lips in interference sealing with the
annular sealing surface 18 of the member 17.

In the embodiment shown in Fig. 2, the annular seal body 10 also has a central
web portion 22 that extends radially from the base portion 12 to fit into relieved areas
24a and 24b in the adjacent faces 26 and 27 of anmular flanges or other such

15  structures, for properly positioning the annular seal body at the joint between the
adjacent faces and ensuring its retention in that location. As shown in Fig. 1, the
flanges or other structures defining the adjacent faces 26 and 27 can be components of
a casing head 30, 2 tubing head 32, a block valve 34, annulus outlets 36 or to a wide
variety of other structures where metal-to-metal sealing with internal or external

20  annular surfaces is desired.

As further indicated in Fig. 1, the metal-to-metal sealing system of the present

invention also can be utilized in a wellhead as (1) an annulus seal 40 between a

10




23 SEP 2005 Additional advantages provided by the present invention include
(1) the fact that the cylindrical configuration of the surface agai nst
whi ch t heWsee/0Tigp6sur f ace of the soft netal sealing el enercTisSoproassed i s
substantially easier to manufacture than surfaces of other configurations,
such as conical, heretofore enployed in other netal 5 to28SER2008al i ng
systens, and (2) no special bolting or clanping arrangenents are

necessary. Fig. 3 illustrates a dual netal-to-netal seal system according
to the teachings of the present invention, wherein an annul ar netal
sealing elenent, shown generally at 60, is provided with two axially
spaced outer circunferential annular sealing lips 10 60a and 60b bei ng

i ntegral tmendml casinghbanpeojddandrthe tatdnghéad 3 t(Raa dluyhih e fddretweehhe
sealing lips 60a and 60b are provided for netal -to-netal sealing engagenent

with annubmildrhaagel bushig 40ai el tabing 88hd BY, SYhh 368SuS 3R B udind Pe
ends 66 and 68 that are secured in asSenbly by an internally threaded pipe

Cyl T nar i calgan v eEt P8 i £ RRIb R iRl shlerh M0 R ERERA ©

chanf er ed suLf aces 7%1 anﬁj1 74ﬁ£€éiCh serve as lead-in chanfers during
i nst al | at i B SARgH S AT TRQPD | sealing elenent 60. The annular sealing
| i ps 60a and 60b, each define annul ar seal insert recesses receiving annul ar

soft metal seaPingytheppapias sealing faceref the sefh mstadinsert of thmanmiar sealingdip ve

seal insert recesses for sealing contact with the respective annul ar
seal i ng susfrabiivel§2nameiv54nd Thay PO afhruehded mmisabecsivahl ognfipuelytiofOandags shown
in cross-section in Fig. 3, tapers froma relatively thick and

subst ant i adignifitarglydsofen eizal thy cohhdriehl séling GRTFAR! i 8 FHohPRbo 115 tolasiect i ve

annul ar end sections 81 and 82 thereof so as to define flexible

[t er e /g 12 YOAIRLL LFIOB.BETLHSARLANN, 0 SFRRIRPcARELRRS: B anc

86. The flexible internmedi ate sections are exed r nwarary as,
the cylindrical sealing surface against which it is pressed when the annular sealing

10 body is in functional position with respect to the cylindrical sealing surface. This
small dimensioned sealing face also permits minor axial misalignment between the
sealing element and cooperative cylindrical surface, such as for example between a
tubing hanger and the adapter element, to be accommodated.

Tests on wellhead equipment utilizing a metal-to-metal sealing system having

15 asoft metal sealing insert, according to the teachings of the present invention, have
shown that the surface finish at the area of contact between the seal element and the
cylindrical surface can be as rough as 125 micro-inches R.M.S., without jeopardizing
the fluid tightness of the seal. This advantage contrasts significantly with the highly
polished surfaces required in some other metal-to-metal sealing systems, and provides

20  cost reduction opportunities in the manufacturing process. A seal that is an example
of the described design passed API PR2, and FMC 500 cycle endurance testing.

Testing was done at 5000 psi between—75°F and 450°F.

11




during assenbly, the annular sealing |lips 60a an 60b and the soft netal
inserts 76 and 78 traverse the chanfered surfaces 72 and 74 in progress to
t he cyl i n#G®#l779¥¢al i ng surfaces 62 and 64. The force of aggaEdneiel Ng
applied to the flexible internmediate 5 sections 84 and 86 of the annul ar
seal body 60 causes radial flexing of the internedi ate 3@SEPRM5and t hus
causes the- flexible internediate sections to becone spring | oaded or

prel oaded. This feature enables the annular sealing lips and their soft
metal inserts 76 and 78 to nmaintain interference sealing with the annul ar
sealing surfaces 62 and 64 even though the respective pipe ends may change
in dinmension 10 due to tenperature changes, pressure changes, etc. Thus,
the seal 60 enpfdditoral adyintagasrppayidad byl ths prasent inveteionr mehide (tyitlad fivody to
provi de energi zing force, and soft nmetal sealing inserts to provide the
seal i ng methhthe oylindiival sedfigui@icl oPfhelefac@BRHMR WhiStPtld SAlingSRkfase ! OWS

for much higher sealing interference, and also permts effeclive sealing
on a seal i@y sof QAL 4 oekiht : ' urface defects due
to 15 poor quality mac nllgng or%uélfjer gc%r}ggsnt%%mﬁg%ﬁ‘?wg%t‘% s. 4
and 5, an annul ar. seal i ng el enent enbodyi ng,t he rincji ples of the present

i nvention ® c??eqfr?sheg ﬁBGﬁgLﬁg“%qsaF‘F aétméfﬁagcﬁ'ﬁﬁtq‘f@% emRployed in gthepmgfals ect i on
92 of generally cyl.indrical outer peripheral configuration and having

i ntegral iAtBFAkAHAS systess.pind €Dcr9 spesial doliing o6 clampang alranpements tdre  The
20 internedi ate body sections have annul ar sealing |ips 98 and 100
projectingecessayl |y outwardly therefrom and each sealing |ip defining an
annul ar seal insert groove. Annular soft nmetal sealing elenents 102 and

104 are located.wiihin the respective 13 WO 02/077496 PCT/ US02/ 09003 23 SEp
2005 annul ar s%&g-#ﬂb’éﬁww&g‘&gg@%ﬂoﬁ%ﬁﬂéﬁl Yaamaaqeprding @ the {eapkipghd t he

respective . annul ar sealing |ips 98 and 100 for sealing contact with
respect i vefdhearesentdavantinn wherehaae enmie mefdl seafing elemany) stroved genemaléy 110
and 112. The annul ar seal body 92 is

at 60, is provided with two axially spaced outer circumferential annular sealing lips

10 60a and 60b being integral therewith and projecting radially outwardly therefrom.
The sealing lips 60a and 60b are provided for metal-to-metal sealing engagement with
annular inwardly facing anoular sealing surfaces 62 and 64 of pipe ends 66 and 68
that are secured in assembly by an internally threaded pipe coupling 70. The internal
end surfaces 62 and 64 of the pipe ends are of cylindrical configuration and are

15 intersected by annular internal chamfered surfaces 72 and 74 which serve as lead-in
chamfers during installation of the annular metal sealing element 60. The annular
sealing lips 60a and 60b each define annular seal insert recesses receiving annular soft
metal sealing inserts 76 and 78 which project from the respective seal insert recesses
for sealing contact with the respectiv;e annular sealing surfaces 62 and 64. The

20  annular metal sealing body 60, as shown in cross-section in Fig. 3, tapers from a
relatively thick and substantially rigid generally cylindrical center section 80 to

respective annular end sections 81 and 82 thereof so as to define flexible intermediate

12




further provided with an annul ar outer peripheral web 114 which is received
within an 5 annul ar seal locating recess 116 that is cooperatively defined
by the abMWQ ¢#j7#Mds of the tubul ar el ements. The i nternedcanssoseawmsons 94
- and 96 are rendered nore flexible as conpared with the central section 92
by virtue of tapered end surfaces 118 and 120, thus per 23 SEP2D0S| exi ng and
spring loading of the flexible internedi ate sections by reaction wth the
i nternal surfaces of the tubular elenents during assenbly. 10 Fig. 6
illustrates a snoboth bore netal seal shown generally at 122 having an
annul ar seal body 124 defining a generally cylindrical center section 126

and having an annul ar seal |ocating web 128. The outer periphery of the
annul ar - se¥rtionsd apdlB6. sThe figxéble intemmadiate sections aegl ﬂmdyacgeldzx inyvardly ashe
respective ends thereof as shown at 130 and 132, thus defining flexible

i nt er nedi adwingestdnobly, thd4nauldr seakng ipe60eapeth avbthtSoforhethl wBes 74 adde
annul ar seal body 122 each define annular sealing |ips 138 and 140, each

in the foryg ghvedfe BRNHaRTeR8 3RS s! 72ParRl 7-¥?riﬂjp‘?&%rieé§ntoh %idgﬂnaﬂcﬁfya i
net al

sealing insert groove therein. Annular soft sealing I1nserts 2 and

orof oct 1 r AR oAutTeR THE S BEENRRONE Bhpi o bt BRRhLRRRERIR < posca
for sealing engagenen it n annul ar 2 eal i ng surface of .a tubul ar

el emren orS%g%Ol%ng§|g}dt§gaPF,{-€E§aP e“e‘f’]ogoahi causesi Fgial sflexiagj eledhe The
annul ar sealing lips 138 and 140 may have a curved or rounded cross-

sect i onal BEmEdacataciensaand Hyrcauses the flaxble | intermediateesentignsdief berme nor e

flattened 14 WO 02/ 077496 PCT/ US02/ 09003 23 SEP 2005 annul ar surface in

‘whi ch t he springlleaded enprelowmled.t This éeavnt enablestrimadlar Inting Mips had thebesdft ng
lips may al so have any ot her suitablée geonetry, such as generally

el i pti cal metaD@Re#a 1 A6yad 78Nn8UhahtaH 1Kt8%ERAM L& 'Ff withSthé G8ingad deligngnnul ar
seal groove nmay have any suitable cross-sectional configuration, I ncluding

goner o 1) SRS Mg Bt 0V e ki o
10 due to temperature changes, pressure changes, etc. Thus, the seal 60 employs a high
strength, elastically deformable metal body to provide energizing force, and sofi metal
sealing inserts to provide the sealing mechanism. The soft metal of the. annular
sealing inserts allows for much higher sealing interference, and also permits effective

sealing on a sealing or seating pocket surface that might have surface defects due to

15  poor quality machining or surface damage.

Referring now to Figs. 4 and 5, an annular sealing element embodying the
principles of the present invention and being shown generally at 90, defines an
annular body section 92 of generally cylindrical outer peripheral configuration and
having integral intermediate flexible sections 94 and 96 integral therewith. The

20  intermediate body sections have annular sealing lips 98 and 100 projecting radially
outwardly therefrom and each sealing lip defining an annular seal insert groove.

Annular soft metal sealing elements 102 and 104 are located within the respective

13



annul ar soft netal sealing elenents. g Fig. 7 illustrates an annul ar
sealing ., elenent shown generally at 150 which may be referred to ~ as an
"H' seat W02y is useful for sealing with an internal wmyliswdrbesl

el ement 152 which is disposed in substantially concentric, spaced relation
10 within abutting tubular nmenbers 154 and 156. Though n@28 SE®cX#Sary, the
tubul ar nmenbers are shown to have tapered connection flanges 158 and 160
that are retained in assenbly by a clanp ring g 162. The annul ar sealing
el ement 150 defines a central web 164 to which is integrally connected a
pair of annul ar seal body nmenbers 166 and 168. The annul ar seal body
menber 166 is of generally cylindrical configuration 15 and defi nes annul ar
seal i ng | i panudatOseahdnstt2 getoves sypdc piojert aadially endwatdhe beobnd ke rexpadtiver
sealing |lips each define annular seat retention grooves having annul ar soft

met al seal kigual LAY fpd 08 A0 100 Fol IGRLE Gohliel With [Bbed:iib hBke IEfingeal | NG

with the outer cylindrical surface 178 of the intern cylindrica | ement
152. Likew er i5 al so, of ner A

oyl i nri cartiises 195 a0 P04 8E oGy JERiET TR 17 Budigit 8 T8 U 162
each havin nnul ar aeal retai ner rooveglagefined t herei n and havi ng

annul ar so%h‘%ﬁﬁ?rgl“% Ath agy & ouer pesPaeral WP 1l tHwhistis reesiyrdwithie ageq)
grooves, w th annular portions thereof projecting fromthe seal grooves 15
VO 02/ 677 4tEisepraldocatmgopeess3l 16phabiseeoperativiily wefipe by theaterting emisef
seal i ng engagenent with the internal annular surfaces 188 and 190 of the
pi pe ends thB4ututat eléifientdn Tha indeanediogi settivhis 99 196192 rosder@Linsre fladhlal | v
fromthe central portion of the annul ar seal body nenber 168 and, in

oper ative ROmnipafsd with thedenbralisathiblion 3ViRBOYF Bpef2hd LAtk 918 LRFESS hat
|

thus permitting flexing and spring loading of the flexible intermediate sections by

reaction with the internal surfaces of the tubular elements during assembly.

10 Fig. 6 illustrates a smooth bore metal seal shown generally at 122 having an
annular seal body 124 defining a generally cylindrical center section 126 and having
an annular seal locating web 128. The outer periphery of the annular seal body 124 is
tapered from the central body section to the respective ends thereof as shown at 130
and 132, thus defining flexible intermediate sections 134 and 136. The respective

15 axial ends of the annular seal body 122 each define annular sealing lips 138 and 140,
each in the form of an annular sealing lip or projection having an annular sealing
insert groove therein. Annular soft metal sealing inserts 142 and 144 are located
within the respective annular seal insert grooves and project from the grooves, with an
annular sealing portion thereof disposed for sealing engagement with an annular

20 sealing surface of a tubular element or an annular sealing surface for which sealing is
desired. The annular sealing lips 138 and 140 may have a curved or rounded cross-

sectional configuration as shown, or in the alternative may define a more flattened

14




5 cooperatively defined by the joint geonmetry of the abutting pipe ends 154
and 156. The annul ar seal body nenbers 166 and 168 are sufficiently
flexi bl e MoaRgiey vyield or flex typically during assenbl pCofusttienannul ar
seal 150 with the tubular nenber 152 and the pipe ends 154 and 156. Thus,
when in sealing assenbly, the annular seal body nenber s23agEP2008nt i nuous
spring force to nmaintain the annular soft 10 netal seal elenents in

i nterference sealing engagenent with the respective annular surfaces. This
feature enables the seal to naintain its effective sealing capability even
t hough the annul ar nenbers change in di nension due to tenperature or
pressure fluctuations. Al so, the soft netal seal nenbers will be deforned
by the sprannglaf sudface amavhtidhe theoanmelanf seat sresettl glermend isvrddeiveds eTihé ahdufarf j | |
surface inperfections of the 15 cylindrical surfaces and achieve effective
seal i ng. TSeslimdlips Weiyohiss ave ABTHRES siitdble gdBArAGEEH IS IR EliplitANS
where the annul ar nenbers are not of perfectly circular™ configuration

since the o%aéfaugﬁ%iaag SEAbS ra@{a}ngu%} ¢ gesgﬁ%d\a/#hg\?vﬂg?ﬂ@%lé SHf et hdionsuy f ace

irregul arities. e partial “section , —an annul ar seal

body 192 is_praovi,ded 20 with an annular sealing |ip 194 i ch s of
rounded o rangém%%lfb FE%*&FCWSC%Q“@&B{%‘@HaWC@Eﬁ% F@'ll?&? 3 AR FhaLIn
radiallly fromthe annul ar seal body for sealing engagenent wth a

cyl i ndPi cdligseafPY; tailgds ercether vrdespigwpeniigwration o aprosige tforsstentioneaf theenber
196 16 WO 02/ 077496 PCT/ US02/ 09003 23 SEP 2005 is | ocated within an annul ar
seal r et aiansulagsowetdekaliekldyerithe annul ar sealing lip and projects
therefromfor interference sealing engagenent with the cylindrical sealing

{
surface. | In the partial sectional view of Fig. 9, an annul ar_seal body
198 having a 51%81 gxﬁﬂﬁ'ﬁéa%ﬁ%@aau deading: Flsmenlehodey gfi?saﬂlayafali%afir@r ed
surface 202. At the axial end

may be referred to.as an “H” seal and which is useful for sealing with an internal

cylindrical element 152 which is disposed in substantially conceniric, spaced relation
10 within abutting tubular members 154 and 156. Though not necessary, the tubular
members are shown to have tapered connection flanges 158 and 160 that are retained
in assembly by a clamp ring 162. The annular sealing element 150 defines a central
web 164 to which is integrally connected a pair of annular seal body members 166
and 168. The annular seal body member 166 is of generally cylindrical configuration
15  and defines annular sealing lips 170 and 172 at respective axial ends thereof. The
annular sealing lips each define annular seal retention grooves having annular soft
metal sealing elements 174 and 176 located therein for inferfercnce sealing with the
outer cylindrical surface 178 of the internal cylindrical element 152. Likewise, the
annular seal body member 168 is also of generally cylindrical configuration and
20  defines annular sealing lips 180 and 182 each having annular seal retainer grooves
defined therein and having annular soft metal seals 184 and 186 located within the

respective seal grooves, with annular portions thereof projecting from the seal grooves



of the tapered flexible end section is |ocated an annul ar sealing lip 204
which projects radially fromthe annular seal body in a direction toward
an annul aW@M¥Eé¥. The annular sealing lip 204 is of genecarlisozmvons
rectangul ar cross-sectional configuration and defines a generally
cylindrical or slightly curved outer peripheral surface 206EPTR08510 annul ar
sealing lip also defines an annul ar seal retention groove within which is

| ocated an annul ar soft netal seal insert 208. The annul ar seal retention
groove may be of generally rectangul ar cross-sectional configuration as
shown or may be of undercut cross-sectional configuration w thout
departing fromthe spirit and scope of the present invention. 15 It should
be borne i andrilisgosedain intexfaremresseskng engagahetthwithaht ineinal anmsier surffaes each
of the enbodi nents of the invention set forth herein can be circul ar,

el 1iptical 188 ikd 29WUF Bie pip€chA4 Ad 1587 A aﬂﬁiw&qﬂﬂﬁiouﬁfcg%éﬁ‘??f prljeds OOVes

therefor may be of corresponding or differing cross-sectiona

configurat] S ' e I | i nsert can used on the
seal i ng rafc?glmlg’f ﬁ%@ﬁ%§%g%%—%gp%g§glﬁs%§la§?ﬁ% %XQEQP%F]P?}“ el@efﬂ > Rt al
Seal s, Strai ght Bore. Metal eala éﬁtggg as de‘icri bed in U S Patent

4, 471, 965) PRANFe POSHOR: iy 195ated dnpappulan s seahdocatione cessy thatsdsts t o
m nimze machi ning costs. Soft nmetal sealing inserts may al so be used for
bal | val vecoppesatively/dsfingd by tigTiosgesoeaosf the 2BmEng P endat §4 awd 156.n0 need
to match lap the valve seat and ball to acconplish effective sealing. The

Tniernal o oxt P aRARLRRCEY HrERb dRarRE 10T sty B8ub R et can

use nultiple  inserts (to increase contact area), or a single insert having
a broad sedfidngr il??cf ﬁ’@&aﬁg quring; assgmblyapl ghes paplarc sgal JS0withfthe dubular

efficiently and at | ow cost to accommodate the soft insert. Radial bunps
of conventmemaer k2t andtthe pincagnds dahand Ab6beThusambendu saalihgaassgmblye thelded t o
sinply fabrication of sealing conponents having soft nmetal sealing
annular seal body members apply continuous spring force to maintain the annular soft
10 metal seal elements in interference sealing engagement with the respective annular
surfaces. This feature enables the seal to maintain its effective sealing capability even
though the annular members change in dimension due to temperature or pressure
fluctuations. Also, the soft metal seal members will be deformed by the spring force
and the force of assembly and will essentially fill surface imperfections of the
15 cylindrical surfaces and achieve effective sealing. The soft metal seal members will
also accommodate situations where the annular members are not of perfectly circular

configuration since the soft metal seals will yield to accommodate such sealing

surface irregularities.

In the partial sectional view of Fig. 8, an annular seal body 192 is provided
20 with an annular sealing lip 194 which is of rounded or semi-circular cross-sectional
configuration and projects radially from the annular seal body for sealing engagement

with a cylindrical sealing surface, not shown. An annular soft metal seal member 196
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inserts. The partial sectional viewof Fig. 10 illustrates an annul ar seal
body structure 10 210 having at | east one tapered flexible end section 212
whi ch is sebnedsdsy a chanfered surface 214 such as di scusgew/imbpwens The
" axial end or ends of the annular seal body define an annul ar seal recess
216 within which is located an annul ar soft netal seal 2368EPR00818. A
retainer ring 220, such as a snap ring, is received by the axial end of
t he annul ar seal body and serves to retain the soft netal sealing el ement
15 218 within the seal recess or groove. Thus, the annul ar soft netal seal
Is readily replaceable, so that the annul ar seal body can be reused even
under circunstances where the annular soft nmetal seal m ght have becone
damaged duts lneptedswithinlan annglar sgab tataihgr geovtudefined by the Raularsealinglipand Fi g.
11, the partial sectional viewillustrates an annular seal 20 body shown
general | y piojet@2thetedivvinh foraineafiréritle depliby sapptment?withahd dylihefic® deaimy body
sections 226 and 228. Flexible axial end sections 230 and 232 of the
annul ar  sggscbody 222 are defined by annul ar chanfered surfaces 234 and
236. These flexible 18 WD 02/077496 PCT/ US02/ 09003 23 SEP 2005 end sections
are provided with annul ar seal retention grooves having soft netal sealing
el enents 238 anhh théOpargslasentiondl haewiof. Figh®, amhhnulet atal Sealyi 198 dheingrd S each
define annul ar portions thereof which project radially beyond the annul ar

surfaces 24ﬂexiﬁl&da2pé§écﬁéﬂd sebidP @Y dSTRAGH a3Bditdied Yirkle@2anith@hxidPeer - The
annul ar surface 242 5 may be of cylindrical configuration and nay extend

conpl et el yo%' ﬁxg H%b%feﬁ)@lﬁﬁ?lg BES s '0{1 tri]pﬁ)cg@? b gﬁmﬁfﬁnﬁesa}?%q%? é%ga:{._z i"ﬂ’g‘ﬂf ﬁ%ﬁ%ﬁ Iyn

this case, y portions o e seal asse
beyond t he i ndrical surface,242 .except .for an annul ar |ogator_web 244,
the pur poséa%zaflfy\?ﬁ?% ﬁg? annylag é“rahi’af?‘%%&e‘ﬁ%&%“ {@ard An papplag i}gi:a&ﬁd Theorti ons
of the soft netal sealing elenents 238 and 240. During assenbly of the

ammular sealing lip 204 is of generally rectangular cross-sectional configuration and

defines a generally cylindrical or slightly curved outer peripheral surface 206. The

10 annular sealing lip also defines an annular seal retention groove within which is
located an annular soft metal seal insert 208. The annular seal retention groove may
be of generally rectangular cross-sectional configuration as shown or may be of

undercut cross-sectional configuration without departing from the spirit and scope of

the present invention.

15 It should be bomne in mind that the cross section of the soft metal insert for
each of the embodiments of the invention set forth herein can be circular, elliptical,
triangular, rectangular, or of polygonal and the seal grooves therefor may be of
corresponding or differing cross-sectional configuration as desired. The soft metal
sealing insert can be used on the sealing radii of Rough Casing Metal Seals,

20  Extemally Energized Metal Seals, Straight Bore Metal Seals (such as described in
U.S. Patent 4,471,963). Valve seats may be replaced with soft metal sealing inserts to

minimize machining costs. Soft metal sealing inserts may also be used for ball valve
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10 annul ar seal body with annul ar surfaces, such as abutting pipe sections,
the chanfered flexible axial ends of the annular seal body can be fl exed
by chanf eMé0245G4P6i n  surfaces in the manner discussed abovigsy{@Rogu de
the annul ar seal body with preloaded spring-like characteristics upon
assenbly for continuous application of radially directe@3&8EPc2050 the
annul ar soft netal seals to maintain themin interference 15 sealing with
the respective annul ar sealing surfaces contacted by the soft netal seals.
Fig. 12 indicates that an annul ar sealing nenber shown generally at 250,
enbodyi ng the principles of the present invention, may be provided with
more than one or two annular soft netal sealing elenments. The annul ar
seal i ng nmesdats; With ndefeeded doytchnlapnthelailvessat ahddyalMesreEomSiRhhaddive 2
central body section 254 which 20 defines circular sealing projections or
i ps 256 asdlin®d8 BrCleatighi 4t . e roove .having an
annul ar soft rr%t al seal %Iégbntgﬁ!t agé%@g}?\%@%%%?%%%{g tb%eésglgnfag) S?ﬂglgaﬂlﬁul ar
seal body j i i xi-pl e axial ends 264 and. 266 which are 19 WO
02/ 077496 %’%T%%&%gwg%%&@bﬁ?%éﬁcﬁd “i‘?"’cﬁéﬂ‘i’@%ﬁ 2p LspEwliple s and
270. These. fl exj bl.e axial ends also define annular projections or sealing
lips 272 alEFToA0 JfTeaTe Roptach AFRaN-o9T & stigly imserthaying g boeadessating tsaifateng
annul ar_ soft. netal seal nenbers 276 and 278. Typically, the plurality of
met al Seal Exipting gl dsigusecan hauhedificd aFficntlyemident 185@obatseackhanmds® the
internal or external dinmension, so that nultiple seats can be established

on a cyl i sofirinsead. Radiélamﬂn[bsoofécmm&raﬁ@)ﬂamﬁwﬁ@-@d»hi&al%ﬂl@@ah%ﬂa@t@nédﬂﬁd@n“' ar
sealing unit. If desired, however, the internediate seals and the axi al (,
end seal s @bhveaddedob dihgl icafi Y, f di ' di pension
accordi ng %}g t he geom@?yfg%ﬂcﬁgﬁggkgggoﬁ%ﬁf ?acﬁe;{s&%g%z By |3§agﬂgr he
annul ar segl.qrenber 250 is especially adaptable for use as 10 a Straight
Bore Metal Seal, with the plurality of annular soft nmetal seal inserts,
thus enhancing the surface contact that is ordinarily possible when seals

are used havi ndlhe partial sectional view of Fig. 10 illustrates an annular seal body structure

10 210 having at least one tapered flexible end section 212 which is defined by a
chamfered surface 214 such as discussed above. The axial end or ends of the annular
seal body define an annular seal recess 216 within which is located an annular soft
metal seal element 218. A retainer ring 220, such as a snap ring, is received by the
axial end of the annular seal body and serves to retain the soft metal sealing element

I5 218 within the seal recess or groove. Thus, the annular soft metal seal is readily
replaceable, so that the annular seal body can be reused even under circumstances
where the annular soft metal seal might have become damaged during assembly,

disassembly or during use.

Referring now to Fig. 11, the partial sectional view illustrates an annular seal
20 body shown generally at 222, having a central body section 224 and intermediate
body sections 226 and 228. Flexible axial end sections 230 and 232 of the annular

seal body 222 are defined by annular chamfered surfaces 234 and 236. These flexible
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only one or two soft nmetal seal inserts. As shown in Fig. 13, sealing
according to the teachings of the present invention may be acconpli shed
bet ween t N®LEEP%al |y arranged tubul ar el enents. A 15 tubdrasezheoent 280
~having a cylindrical external surface 282 is shown to be tel escopically
received within a tubular nmenber 284. To acconplish seal ERGEPt2085 out er

t ubul ar nenber defines an internal annular sealing projection or |ip 286
having an annul ar seal retention groove 288. An annul ar soft netal seal is
retained within the annular seal retention groove, with an annul ar portion
t hereof projecting radially 20 beyond the annul ar sealing projection 286
and thus disposed for sealing engagenent wth the outer cylindrical
surface 28mdoectipes pighpreyided] withnenmedo. seet refhmtiond ghaovesrheying wofti meltat hat
the annular sealing lip may, in the alternative, be |located at the outer 20

WO 02/ 077494liRCAekiea? 26800d 226 Skkicd ARéreie rTHRNRITYmefal 8 ire ¥lhedty REEHT
el ement, causing the soft netal seal to be positioned for = sealing

engagenent dafinthnhiler pdHiBhs HbldoP Wi roﬁa{df}éatﬁfé?lﬁ'q;e 8iq it ﬂnuiaﬁ‘%%e er.

In view of the foregoing it 1s evi t e present 1 nven 'S one
wel | adap .attain all of..the.objects and features herei ngbove set
forth, toggeﬁ%ﬂ%?ag\l/ﬁ W?érgersrf%eslgal&ﬁ &tﬁgnaa}g&ulpégztembgg \L/J%ecq‘lm&[aé spepcs et i n

t he apparatus di scl osed herein. As wi|l be readily apparent to those

Skil | o i nmahEeof P)’hlﬂ%cag perdigration 2 may extend cemplatslyde the swiak eads of ot her
specific forns without departing fromits spirit or essential

char act er i tgijansulamgeal draslye2i2 esisbownenin fhs cadeetied only, poridns afothsi sgal ed as
merely illustrative and not restrictive, the scope of the invention being

i ndi cat ed dyeriBly phaeaing redialtp bbgond the By fitigichloseset Rg2 dagept fot bRanmand al |
changes which cone within the neaning and range of equival ence of the
clai ms ar ejobdter aEONA4 theSRfsshel & WVRich qg@ﬁﬁl&i‘ﬁ@d BSVE! fe the sealing lips and
portions of the soft metal sealing elements 238 and 240. During assembly of the
10 annular seal body with annular surfaces, such as abutting pipe sections, the chamfered
flexible axial ends of the annular seal body can be flexed by chamfered lead-in
surfaces in the manner discussed above, to provide the annular seal body with
preloaded spring-like characteristics upon assembly for continuous application of

radially directed force to the annular soft metal seals to maintain them in interference

15 sealing with the respective annular sealing surfaces contacted by the soft metal seals.

Fig. 12 indicates that an annular sealing member shown generally at 250,
embodying the principles of the present invention, may be provided with more than
one or two annular soft metal sealing elements. The annular sealing member is
defined by an annular seal body member 252 having a central body section 254 which

20  defines circular sealing projections or lips 256 and 258 each defining an annular seal
retainer groove having an annular soft metal seal element 260 and 262 located therein.

The annular seal body is provided with flexible axial ends 264 and 266 which are
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23 SEP 2005 Cains | . An annular netal -to-netal sealing system
conprising: at |least one netal nenber defining an annul ar sealing surface;
an annul aW&&4#774¥96dy conposed of high strength netal nmaterisdr/0si2ng003
positioned in substantially concentric relation with said annul ar sealing
surface and having at | east one flexible portion defini 23SEP 2008ul ar end
being fl exed during assenbly and devel opi ng a seal activating force; an
annul ar sealing lip projecting fromsaid annular end and defining an

annul ar seal recess; and at |east one annul ar soft netal sealing insert
bei ng supported within said annular seal recess of said annular sealing
lip and being maintained in sealing engagenent with said annular sealing
surface bydefuied byechamfered\aurfangs £68 @ad @70s allibsatfldxdtds taxinhenfls aksbhdefingor ti on
of said annular seal body. 2. The annular netal -to-netal sealing system of

claim1, camuldryroigctiani et sdalingasis DTE ahd @vit B RicR Havk ORnRlar $84I0refiNRdh AT

seal body having spring characteristics and applying spring energy to said

annul ar S oo iRk SRR ol EVEIARERI ALA1SHR TRELINARRD

force and energizing s I ng engagenent of sal
annul ar seal i- urface. . 3. The nul ar .netal.-to-nmetal sealing system of
claimi, c@ﬂ’ﬁ?lggpﬁé?e nseélhr]ﬂfeﬁg ?Jfgﬂ'[‘? BRnular sesling s‘B?‘i“[’?Fegﬁ h@é“é%‘%éwlﬁg an
annul ar_ portion thereof projecting fromsaid annular seal recess and
havi ng et Blersal - o extemel dipiegsiong Sge thahtmultiple sealsl cannbé astablisldi g 2
surface. 4. The annul ar netal -to-netal sealing systemof claim3,
conpr i si ngeyliodiichl snrfa¢eato emlzince ¢le sealingi cagalsitify of thedynrammruRERsC uhitgrigove of
non-_ci rc_uI ar cross- sect i onal conf | guration; _ and sai d annul ar _soft nmet al .
seal i ng i ndwsiréd, tRwever, ahe (RNEANGRALI A8 and ARE GiAl 3hl QBaIS YPSLAN L Ald Yeal
inserts may be of differing dimension according to the geometry of the surface or
surfaces to be sealed. The annular seal member 250 is especially adaptable for use as
10 a Straight Bore Metal Seal, with the plurality of annular soft metal seal inserts, thus

enhancing the surface contact that is ordinarily possible when seals are used having

only one or two soft metal seal inserts.

As shown in Fig. 13, sealing according to the teachings of the present

invention may be accomplished between telescopically arranged tubular elements. A

15  tubular element 280 having a cylindrical external surface 282 is shown to be
telescopically received within a tubular member 284. To accomplish sealing, the

outer tubular member defines an internal annular sealing projection or lip 286 having

an annular seal retention groove 288. An annular soft metal seal is retained within the
annular seal] retention groove, with an annular portion thereof projecting radially

20 beyond the annular sealing projection 286 and thus disposed for sealing engagement
with the outer cylindrical surface 282 of the tubular element 280. It should be borne

in mind that the annular sealing lip may, in the alternative, be located at the outer
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conform ng to said non-circul ar cross-sectional configuration and having an
annul ar seal i ng portion thereof projecting fromsaid undercut groove for
metal -t o- M4 i ng engagenent with said annul ar seal i R§TiRL /a3 5.
The annul ar netal -to=netal sealing systemof claim1, conprising: said
annul ar soft netal insert being plastically defornmabl e b23SEPRIOSal
activating force of said at |east one flexible poi-tion of said annul ar
seal body to establish sealing engagenment with surface irregularities of
said annul ar sealing surface. 6. The annular netal -to-netal sealing system
of claim1, conprising: said annul ar seal body having an elastic
characteristi gl anl?r ecom n% Hrexed during ssenbly with said_annul ar

seal i ng sUPFHREYHJDE ISk oSt slpmentcqusinarths soit mptsl gaahép beipesitioneddpr v
constant radjal sealing force to said annular soft nmetal seal for

mai nt ai ni niyablegengagempetwigh thei inher eydindricalsuifase fenloutey tetwldranembez?2 23 SEP
2005 7. The annul ar netal -to-neta] sealing systemof claim1, conprising:

said annul ar soft_ .net insert.being sufficiently elastically defornable by
said spring fo c%‘eWog%eg‘F%fqggW%tlgleyf -"Frtcg,lfaélr&‘fi é‘fqtéP‘é?%'@n%é’PFﬁbeqP
engagenent thereof with said annular sealing surface. 8. The annul ar

met al - t o- rdeRedda Atiapyalk ok thenpbiects | agd featuresdipinationg sets farth, togethsaswitone

soft netal insert being renovabl e and repl aceable with respect to said

annul a®  sahér abgertsand Batufisevizinh ateanherhiin-thoappataabs disdbdedhesist em of cl aim
1, conprising: said annular seal body defining at |east one annul ar seal

recess; and sai ¢ at..l.east .one soft netal insert bheing received within said
annul ar seal re‘gﬁé‘guvﬁet W‘?a%fﬁf apPATERtate %’BF‘T P@ﬁe‘il Héﬂ@o?‘%ﬁh%jpé%s@h@"f’iﬂéﬂﬂ sai d
annul ar seal recess for seali ng@engagemsnt with said annular sealing
surface. 102y ¥hlyabmprodrcadetnapthen speaiit fomed withoudepantingfrarh atsnspixit or
conpri si ng: :
essential characteristics. The present embodiment is, therefore, to be considered as
merely illustrative and not restrictive, the scope of the invention being indicated by
10 the claims rather than the foregoing description, and all changes which come within

the meaning and range of equivalence of the claims are therefore intended to be

embraced therein.
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said at | east one flexible portion of said annul ar seal body being of

el astic character capable of being flexed and upon fl exing during assenbly
with said annul ar sealing surface becom ng spring |oaded for substantially
conti nuous application of spring force urging said annular soft netal

I nsert agai nst said annular sealing surface with suffici ergisgpnogsto
establish interference sealing therewith, said spring force naintaining
said annul ar soft metal insert in sealing engagenent with said annul ar
sealinq:§ur§ace during changes of dinmension of said annular sealing
surface’ 11> The annular netal-to-netal seali ng system of claim 10,
conprising: said at |east one soft nmetal seali.ng insert being conposed of
corrosibn r eAnSDEMET mstailo-TRRISERIAE SYBEM, BREPHANE] ar  netal -t o- et al seal i ng
system of cl ailgasione gwigd viembey de5ping ag@Ennwas seang SWfacsul ar soft . net al

i nsert bei ngaphmsiirceahl hodyebmpoad] of gaktnetetls aieth] matenidl RENSRASTUNGES i f ace
by sai dsutirantigly esneentriodelagbablithstaidupnalas sédlingiserfateanst enin saideash gne Bexiblet
ar ea W gdisidefimnguhannseabndigeis fikdad driofg dxsdnably ad detelbping hesehlectnatng
seal i ngggpid h sai d annular  sealing surface. 13. The annul ar netal -to-netal
seal i ng syst L Ly Rﬁ&r SiAg: i fEeireirndneaes) being
a pai rd_gggsﬁu s%arﬁiﬁjaﬁ@?@gg]g%ge trn:né’a Iglséglag?lggr%ﬁﬁdar rrﬂe?t%aI menbers each
defi ni ’ ul ar sealing_.surface.. said annul ar seal | ng: C hng
L ppsed n S8 Bhe SESbARRHRGS e Rt 3R oo atal iy uId Brghecel
annul useFEs o sa0\ABBRIaE SRl NB BP A e SRR R IR 18 SFY I AERSSRE AN %g g
annul arsesbng stiday by seit seat addiveing foreg phiid al 1gash ARe e O RPTHER PHER! a@&ﬁ%rnd
annul arseakealyi.ng | i p opposite of the at |east one annular sealing lip, said
annul ar sealing |ips each defining an annular recess facing a respective’
one of Baid Fpawhanasaal-rgnetl fadeg sy@8m23 B REOGpsaing: at | east one
annul ar sof t s@hfleagtRalkifRYiblOSEibonEk41Q anhuleesal bedyedvinoépraryuhasaciesioties
metal  SRPIINEnk 858N SnePe) Rbsah SIS Wfitnhdtal JeeBeRiséry oraltvelopingsaid seal

recesseg i flo AIPLLA eRRELIdNRalifeéfRkement of said soft metal insert with said annular

sealing surface.

3. The annular metal-to-metal sealing system of claim 1, comprising:

an annular portion of said soft metal seal having an annular portion thereof projecting
from said annular seal recess and having metal-to-metal sealing engagement with said annular
sealing surface. g :

4. The annular metal-to-metal sealing system of claim 3, comprising:

said annular seal recess being defined by an undercut groove of non-circular cross-
sectional configuration; and

said annular soft metal sealing insert having a cross-sectional configuration substantially
conforming to said non-circular cross-sectional configuration and having an annular sealing (
portion thereof projecting from said undercut groove for metal-to-netal sealing engagement with
said annular sealing surface.

5. The armular metal-to‘meta} sealing system of claim 1, comprising;

said annular soft metal insert being plastically deformable by said seal activating force of
said at least one flexible portion of said annular seal body to establish sealing engagement with
surface irregularities of said annular sealing surface.

6. The annular metal-to-metal seaiing system of claim 1, comprising:

said annular seal body having an elastic characteristic and becoming flexed during
assembly with said annular sealing surface and establishing a spring force applying substamilally
constant radial sealing force to said annular soft metal seal for maintaining sealing thereof with
said annular sealing surface. '
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projecting fromsaid annul ar sealing recesses and having netal -to-netal

I nterference sealing engagenent with respective annul ar sealing surfaces.
14. The annul ar netal -to-nmetal sealing systemof claiml, conprising: said
at | east one annular soft netal sealing insert being conposed of corrosion
resistant netal alloy having from1l/5 to 1/3 of the yielxistpeoegs of said
at | east one netal nenber. 15. The annul ar netal -to-netal sealing system of
claim1l1, conprising: said at | east one annul ar soft netal sealing insert
bei ng conposed of a soft netal material being corrpati ble with

enviro nta condi.t ons ann S netal seallng I nsert is
subj ect é-he"f’ﬂ’émgr@gah o \A?aélseathggﬁﬁ gégﬂlﬁn gci‘zﬁ) | ai

conpri si ng §%1F1&”%Hall SPehBISeh REPE SY f?l"ec””ﬁfectl%ﬂ“ SLf5iR n@ﬂ%@?’faﬁ]awmg an
ef f ect i IECes@Astablish mepdrtemaid infeHRFECOFCaIpS AP EALSIENT Té?@rf&é&l%salf#am’t%afabout
450 deggeebngBurface. The annul ar netal -to-netal sealing systemof claim1,
conprising: said at |east one netal nenber a pair of netal nenbers each
havi ng & ci r THE armuletdktal-eedletad gedinit ks otem of @laihmel, combpaisinget al  seal i ng

sur f aceg;dei Egstro%@ isaht et 8 RAgRCheditreRRVASI e Gh g B@}ﬂ@&ablé withispedtttd adili ynnular
concentld,c delation; and said at Teast one flexible portion of said annul ar
seal body %elng a pair of opp05|tely dlrected erX|bIe portions each

definin ast gne ann I ar, eall ng. 1 ﬁ at least. one annular seal
recess her ei :ga’s’BF §?a 18 g}s B a]mg]f ] ? > eal ing insert
being at | ea§Pdan P]'rseﬁ ‘éﬁm%ﬁ ?ash‘é’?ea‘l‘mm ?ﬁ@ceis?r ng |.gcat ed
within said ﬁ%’dlabs@éﬁt FR&O r‘i'F'ﬁiF dpsericheangreceived 2dihan iaid %raslea ‘E?Cﬁ%t“éf 1 an

seal i ngamivi4r posiien thettod projeciivgdean s snawey e gﬁce%srfebﬁﬁaﬂms CRBASEm Nk At ’ﬁ@‘d
sur f acesmul@.seqlheg smfagk.ar netal -1 o-netal sealing systemof claiml,
conprising: a pair of netal menbers each defining said annul ar seallng
surfacejg.sai ghaafmilar meaito-hedy sedinpesaemalf chiight, sbmeniging: f.| exi bl e net al
mat eri al andshayt Restdne Rk IbIOHoBR RS 88ld hheXkibiea] bedt bensotelastidéharagerspr i ng
char act grbid fi%e deueharbhy nexidp bty hakrdly Wi Raildl £x 68y sadingatifadavi ng
at | easﬁec%ﬂ'ﬁng ffoa&&:afo'r Q8bdtdrfiaRP Ebﬁtirﬁ]@ﬁga}!ﬂﬁhcﬁﬂgﬁ bagiriAl fo¥ce urging said
annular soft metal insert against said annular sealing surface with sufficient force to establish
interference sealing therewith, said spring force maintaining said annular soft metal insert in
sealing engagement with said annular sealing surface during changes of dimension of said
annular sealing surface.

11. The annular metal-to-metal sealing system of claim 10, comprising:

said at Jeast one soft metal sealing insert being composed of corrosion resistant metal
material.
12. The annular metal-to-metal sealing system of claim 10, compnsing:

said at least one annular soft metal insert being plastically deformable against said ¢
annular sealing surface by said spring force and establishing a sufficiently broad sealing contact
area with said annular sealing surface for metal-to-metal interference sealing with said annular
sealing surface.

13.  The annular metal-to-meta) sealing system of claim 1, comprising:

said at least one metal member being a pair of substantially concentrically related annular
metal members each defining an annular sealing surface, said annular sealing surfaces being
disposed in spaced substantially concentrie relation and defining an annulus therebetween and
being in facing relation with one another;

said annular seal body substantially bridging said annulus and having a second annular
sealing lip opposite of the at least one annular sealing lip, said annular sealing lips each defining
an annular recess facing a respective one of said annular sealing surfaces;
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concentric relation with one of said annular sealing surfaces and havi ng at
| east one annul ar seal retainer groove facing a respective annul ar sealing
surface; and said annul ar soft metal sealing insert being supported within
said at | east one seal retainer groove of said annular sealing lip and
havi ng an annul ar portion thereof projecting from said at3 SER2005ne
annul ar seal retainer groove and maintained in netal-to-netal sealing
engagenment with said annular sealing surface by said spring force of said

flexible sectipng fabiARrahe@P&lin® ¥t biihg ol NRseOPAlt BT annular soft metal
reral -1, ol SOt SR LN ool QIR 208 SRR 8801
B%rg B n%] astl caj ef or E}

| arsSYEE q i
DI e RE et T Uy Spa e ekt ey e S the 1T BEb A BBERnL Socifify | N0

force; RSN Vath YRR VE ABYANFRAPE 884 ket al i nsert being plastically
def ormabl e by said spring force of said opposed flexible portions of said
annul arl4seal Thogyla meadetperbecaling syses of ekempl, cYRPESABI ng engagenent
wi th surf acesaid ndgadtant ainadandofsme] ssahing ised daingrmymposedebeorsIsighicgstegh r
of annyh@kl ARHEhaviBETREmS] /ahel 1 3 fane pirithdnatse oflsaid aslean ane ofesaigeenbér. sai d
annul ar sealing surfaces by heat or pressure. 20. The annul ar
net al - t,q- net ' ' i shieiisimal d fl exi bl
|-t metpl. 14" e RE SR Ee Fhals RidB .of SRR I, SbinBiismal exi bl e
portions of gk aﬁé&“ﬂﬁ%ﬁ@gﬂ o 35 e HlscR AR onfRAESE! SEoRRttinGhaal
e e b el st o MR Gk St RSES 200, 1R bkeriang
becom RFLTY tﬁ’i‘é&’é FSroNLERE %Oﬁ][af Ky° &ont'i idous appﬁl cation of spring
force &PeleﬁEfdsai d annul ar soft netal sealing inserts against respective
annul ar sealing surfaces with sufficient force to deform said annul ar soft
metal Ieal | Foe amndanmetabitoweipl seabpg susteminicir Msk &PTRYSESr f ace area t her eon
to establi shsaidntleastonmetahlar soft wetbsestiog inser|ianpaant HTesHy ¢ ssadipgdempyarure
annul arraﬁﬁbﬂ‘ frigmsdbohacdsdegsal H. mmbongdIdageeardi nt ai ni ng  sai d annul ar soft
netal sealing inserts in sealing engagenent with said annul ar sealing
surfaces; UppRe shaNGEs el AEaN séding @ stsmi of chainul , @abmpeiaingng sur faces. 21.
The annul ar geg 3| reh@-diRtRliaiISREhbA% SN SéBHEQS mehierd ch8h hed@ARAIchicaRy metal
- sealing surface, said circular metal sealing surfaces being radially spaced and being disposed in
substantially concentric relation; and _ o
said at least one flexible portion of said annular seal body being a pair of oppositely
directed flexible portions each defining at Jeast one annular sealing lip having at Jeast one
annular seal recess therein; and )
said at least one annular soft metal sealing insert being at least a pair of annular soft metal
sealing inserts being located within said at least one annular recess for respective metal-io-metal
sealing with said radially spaced substantially concentric metal sealing surfaces.

18. The annular metal-to-metal sealing system of claim 1, comprising:

a pair of metal members each defining said annular sealing surface; _ |

said annular seal body composed of high strength flexible metal matenial and having a
pair of opposed flexible sections each having spring charactenstics and devel oping. a spring force
when flexed and each having at Jeast one annular sealing Jip positioned in substanunally
concentric relation with one of said annular sealing surfaces and having at least one annular seal
retainer groove facing a respective annular sealing surface; and _

said annular soft metal sealing insert being supported within said at least one seal retamer
groove of said annular sealing lip and having an annular portion thereof projecting from said a_t
least one annular seal retainer groove and maintained in metal-to-metal sealing engagement with
said armular sealing surface by said spring force of said flexible sections of said annular seal

body.

19.  The annular metal-to-metal sealing system of claim 18, compnsing:
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said at |east one annular sealing surface being a pair of annular sealing
surfaces disposed in substantially concentric spaced rel ation and defining
an annul us t herebetween; said annul ar seal body substantially bridging said
annulus and having at least a. pair of annular seal body nenbers each

hav! ng opposed flexible portions and each having an annularsEpeedsng lip
defining at |east one annular seal recess facing a respective annul ar
sealing surface; and a plurality of annular soft netal inserts being

| ocated within.respecti nul ar i.1: '
. said a anpul ar, seal, JLREGSS GSon'béille UAEY 3 sRABhb a&Rmbly
thereof v AR et D WO D SNARERET i Rt e nRi s
said at least one annular soft metal insert being plastically deformable by said spring
force of said opposed flexible portions of said annular seal body to be deformed into and
establish sealing engagement with surface irregularities of said annular sealing surfaces of said
pair of annular metal members and to accommodate dimensional changes of said annular sealing

surfaces by heat or pressure.

20.  The annular metal-to-metal sealing system of claim 18, comprising:

said flexible portions of said annular seal body being of elastic character and being flexed
during assembly with said annular sealing surfaces and upon flexing becoming spring loaded for
substantially continuous zpplication of spring force urging said annular soft metal sealing inserts
against respective annular sealing surfaces with sufficient force to deform said annular soft metal
sealing insert and form a broad annular sealing surface area thereon to establish metal-to-1metal
interference sealing with said respective annular sealing surfaces, said spring force maintaining |
said annular soft meta) sealing inserts in sealing engagement with said annular sealing surfaces
upon changes of dimension of said annular sealing surfaces.

21. The annular metal-to-meta) sealing system of claim 18, comprising:

said at Jeast one annular sealing surface being a pair of annular sealing surfaces ds sposed
in substantially concentric spaced relation and defining an annulus therebetween;

said annular seal body substantially bridging said annulus and having at least a pair of
annular seal body members each having opposed flexible portions and each having an annular
sealing lip defining at least one annular seal recess facing a respective annular sealing surface;
and

a plurality of annular soft metal inserts being located within respective annular seal
recesses with annular poriions thereof having interference sealing engagement with respective
annular sealing surfaces.
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