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"Chis application clains priority fromthe provisional eri al
No. 3 60/302,162. filed June 29, 2001 entitled "Gasket w th.Mjiltiple
Sealing Surfaces". 4 Technical k~eld S '1"he present invention relates in
general to nmetal-to3netal seals, and in 6 pactxcular to i npr oved gasket
for sealing between a wel |l head housing and a 7 well headﬂ@@ wmmmf
Description of the ~~ior Art 9 ht oil and gas wel |l head ubul ar
menbers are connected end~to-end 10 and seal ed by a gasket pogeal ring.
Oz~e type pf seal ringgaRREN WTANMYILYSECE SRASYREGRTREL RS ! head assenbl i es,
is of ><netal and has upper and lower legs. Arib extends radially 12

outward froma Junction of the |egs. Each | eg has a _conical sealiung
sut ~face that 13 dilifagpplication slitas Prieeyfres thenproysionah appliqation: Seria} MNa- cnbel cs.

The coni caj S@%dznzﬁ.zmﬁi %ﬁ@%%,“zobﬁerﬁiﬂ%&’“@isﬂ&%& f\gmaﬁets@agg%ﬁ&éﬁ fromthe

tip of the leg to't e taper angle of the sealing surface is

typical ly gl i'ﬂi&hﬂéa% ffgerent that the taper able of the seat, 16 creating

an interference -Ta-nmetal sealing engagenment. A coating, such as a 17
silver allsoy) nay yie Beahi Geitont REuaeRl bt UbfRGR-thenINRRCCaRPLaRI ~ng. 18
This type of seal works well. However, inprovenents are desired in the 19

ability of6 t mattigelar te gndigmrovad gasket fori spaling betweeno a gualihende boysiggandet i ods of
tinme. 20 QUMERIILYadQontdefr! NVeNtion 21 The seal of this invention has two
oppositely extending legs and a rib 22 extending radially fromthe junction

of the |egs. %§%ﬁ'!§oﬂ¥t§@p}i&pgrtbands are located 23 on at |east one of the
| egs. The sc arated by an annul ar recess. One 24 of the
seal tn~g lands exyegilznd gag Welllad bésemBlies! qumﬁgﬁ&é#@c&ﬁﬁ‘g&sm%@t her

extends 25 firomthe n"b to the recess. Preferably, t pbands are

| ocat ed i1 t Hed sealed byovgaskat os seel uge Qne tyes/of sgaliring, patroulmly wsediasubsgl e i s
SLight | Y 1§81 oheddGlhibhSs, e rbnt il fasQpphifd RARY 1064 Mt hibad Afipal - 25

This causes greater contact pressure in the sealing band | ocated adjacent
the tip tlRan optvarddrogha jwrstion of thenlegs.j Bach deg bag a cauicalfseglingosuyPereham sul f i de

I's appligg tQniiies §€§diéa§‘9eat%p onelof RO GEIIHeR bBRbRE STRE £k EARRY fRALe ' Xhe

recess has tapered upper and lower edges, 2 and in the preferred
enbodi ner#, lhascontiveons gone that cxtends framethe tiniof the lagdo thei ity s The tapirdagle pfal .

Ho P i t ! t

the oo 31 - HERALEE sitach 16 ity Afgnd) GecRAl bA0RR' b Angle Sl 18 b7, P00
seal | eg 1has conting an diterfrrace ewlal tgmistah shaling) éngagerhant.| ot soasigSswtijeacent t he
tip and qe%m&ggﬁ&{@?&?%%‘?ﬁ%&g s“ﬂ:g Qo SRR fhtg seal band is at a 7

much st eeper ang of the seal Ting, than the two
seal band8 on t heTBis dyyposf seal Wetks welBr Howerasbypitencmonts gire Besini dmghel 0 Fi gur e

1 ti i i t i ith the 11
pr esent ioveari G el 6 MePharfhet ) pi RS ler ol BrARE REHRRCS, N 2 o
\évg;: hg?d Iasurggﬁiiﬁﬁgiﬁ{ﬂﬁ&ﬁghgure 2 is an enlarged sectional view of the

21 The seal of this invention has two oppositely extending legs and a rib
22  extending radially from the junction of the legs. A pair of sealing bands are located

23 on at least one of the legs. The sealing bands are separated by an annular recess. One
24 of the sealing bands extends from the tip of the leg to the recess. The other extends
25 from the rib to the recess.

26 Preferably, the bands are located in the same conical surface of revolution.
27  The taper angle is slightly smaller relative to the axis of the seal ring, than the seat.
28  This causes greater contact pressure in the sealing band located adjacent the tip than
29 the one next to the rib. A coating of molybdenum sulfide is applied to the sealing
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14 Figure 3 is an a further enlarged sectional view of a portion of the
seal of 15 Figure |I. 16 Figure 4 is a sectional view of an energency

enbodi ment of the seal of Figure 17 1. 18 Detailed Description of the
Preferred Enbodi ~e~t of the Present )<nvention 19 Referring to Fig. 1,
wel | head housing 11 has a bore I3 termnating on its upper 20 cud in a tint
with an upward faci ng shoul der 17. A conical prinmary seat or sealing 21
surface 19 extends downward and inward from shoul derl 7. Prinnary seal
surface 19 22 has a | ower marginal edge that joins a secondary seat or seal
surface 2%. i i 0, but
at a Iess<]a1 r gﬁﬁ e ?fé?/ %%\73& '? glbtéﬁglfeg :}21%(])?£ %549%2%‘?61’&?&#» ﬁlg%ﬂpl??#ner@lz%eal
surface 1¢. Padin Goprefomed ginhedimentghas gfconeapebasat y seal 25 surface 21 joins a
transition surfac @l £ o] I Z1 26 is
| ess t han%t he axi W%%?‘g'%ﬂg?gggﬁe errfg%lgﬂgléaf{o‘zﬁ‘%?a%g]g %g%ﬁﬁdffﬁ%%égfé? B red
embodi mend. Zentingemfssesl teg inuthe svant Ay canical sahiondhe dowelr dulmlani mémberliower edge

that joing b ) re e nect ..t.o, wel | head
nousi hg 13, ePrds o eiineal FAeB IANGAY Y sigle Malihe BORNEH it 1Rt 0L
t he ext eri6or adjacemtitertipomhd Isepasitedobylds. sugidriiettidnc Athe contingarit aeal andnizat & | ocki ng
menber sugh as _dogs (not, shown hat. are 31 .nDv into en egent _with
grooves (Hot Hgﬁg\ﬁ%ﬁ S'I’é‘%dgﬁ%w%tﬁg’céﬂsé)f %ﬁ%@@ﬁqﬁ%&qﬁ%ﬁm@ ng | 1.
Wl | head @onwppdsite Ieg5 has a bore 33 that is coaxial with bore 13. A 2
downwar d faci ng shoul der 35 of well head connector 25 contacts and bears
agai nst 39sh®@rieflDesctiptiofl of Brawiagsl housing 11. A recess 37 is |located
radially inward from4 dowward facing shoul der 3 S. Recess 37 has an outer
wal | 3 810hat is Eighierldisiacssbtionaldsids iewof alsealiconstrugitd ingmcbrdone edthahe bor e 33.
A coni cal,se [ . and Lnward fyom
recess 3'/1.1 Cgﬁﬁs%‘éllgﬁbé'ggnedg%uﬁggséﬁd%{ﬁ@?gE&‘?ﬁﬁ%ﬁ%&'ﬂ% m?dtah‘g?]ﬂﬁ ns a
transiti d@2 shkonnecter. 41. Transition shoulder 41 is perpendicular to the axis
8 of bo\rﬂg 33. 9 A%i%asget or seeadl§ [l ggl 43 | pcat e t ween wel | head connect or
25 and waPl head 1HERGASF Apcriaecdsgstiong vigv olhg walofiigug I T shaped) and in
t his enbadi nent hRigwars ispsed fiktheeadaped beedorddl vizdofoa paGo of @@ a1 éNd 46
that are gyr’r‘getrilcal. Each portion has a first 12 seal band 45 near one end
and a seddn ¥ band 47 spaced from seal band 45by a 13 recess 49. Arib
53 ext ends radi al Figure dtivasattionnl viee of wi emergency embadiletitiof thedeal oRFigufe3 14
| ocat es I&? recess 37, with the outer side of rib 53 located inward from

e

recess o r 15 wall 38. 16 Each first seal band 45 extends froma tip of
its seal .Legn44..0 Lavard rih 17 Each Tl seal 13 d 47 extends

frmrib t SwaT-a - ST g N 1L Lhe 1 Fese PO, of erred.
enbodi nent) rece q | .0cat e L dwa ween t tip of each 19 leg 44
or 46 anzéxi b 53%@%% C -ﬁ'b"g (fané,g?“s q?g“’%ﬁgosrfg'ﬁf ’?‘F‘y‘gt%éﬁé‘aﬁﬁm dth in
this 20 2drbochdniani rilkeridsam divard SacimgwhelildertlfiatA cenieb pimhgcsehtoori sadlingase t he
cont act essures. 21 of al bands.45 7 _agai.nst., their scats ver, the
widths o {th%u %%g ’gﬁﬂijé%ggflwgﬁ Q@l@%&%#&*ﬂg@%@fﬁ- cﬁ?—ﬂ’ﬁﬂﬁ é’fr&éeHggeas to
avoi d ang2 | ebdsagloweltmaarginabedgk Ithat joiast e feesndary sehtcor 22al seddce [2aN Greohidary47 or

I

pref er ab2qy tbure 2 thanpimaan dedl cuerce 499 €Ehedbweranaginallipa of sécdpduie deal Al SO,

recess 49.1is efaerably a 26 continyo curve urface, haying a_concave
base 49a§5f or HE8* J&‘“f‘édf“ﬂ‘gt.mq ?‘?ﬁ?&é i@“’il?alz‘}fq‘?‘i?{w IS \ﬁ,‘g‘f?&\?&ng a
depth thze OIi B lése;mntﬂmmiﬂta}cmb@hﬂﬁmazﬁsésealrfabé 1) ixﬂﬁ: ip&f&feldraaib%aimad is |
construc o that its .sea angds 45) 47 29 injerferingly engage conica
surfaces£§9 fﬁ'&s‘ti .suﬁ@%aﬁfﬁﬂ%?g °‘)t‘§€}é% wéfﬁi?fﬂ@t@hﬁ%gﬁ’ lgermanent

yi el di nga¢vhezt wel Weiihadd cohsetk @5 Wil @nnates ellicaddobdig@d 1 howsigd 11. 31
The el astjo yicl gli =, Of feal ri.ng,43 igrovi dﬁ‘s t he nece sarﬁl seal j hg bet ween
seal bantfs F#ngestor 23 hagq Towst, partipr thacslidesyer, (hy exterior of wellhead hosing Hivhodi nent s
of Figs 30 arWelMecadabimceal2s tand B&inglhemberaduch e ddgdThol skeMi)Cilht a0 gl
relative,to the.axis of seal .ring 43 and o he ,sang conjcal surface of 3
revol ution. TeYedd Bﬁf‘%?ﬁ?m%fﬁ&ﬁ‘%,gnﬁgﬁe@glrs?m@ ttﬁ?'éqde‘i"af T St Bh?’F];i"ﬁ?f f er ent
fromthe 4 angle of its seat 39 or 19 so as to create nore contact stress
on the first conical band 5 45 than th& second conical band 47. Referring
to Figures 1 and Z, the angle 51 is 6 snaller relative to the axis of seal
ring 43 than the angles of seats 39 and 19 of 7 well head nenbers 25 and 11.
Suitable angles 51 are in the range from 22 to 45 8 degrees. 9 Referring
again to Fig. 3, the netal body of seal ring 45 is preferably of high 10
strength nmetal, suoh as a stainless steel having a yield stxeogth at |east
from 35 to40 11 thousand pounds per square inch. A coating 55 is formed on

o o A~ o o o N o




l 8. Figure 4 shows a contingent gasket 81 in the event that primary seal
surface 19 I 9 of well head housing 11 becones damaged. Seal ring S 1 has an
upper seal surface that 20 is the sane as in the other enbodinents. It has
s first seal band 84 and a second seal 21 band 86 separated by a recess 83.
The lowa | eg, however differs and may be 22 constructed as shown in US Pat
5,103,915. The lower |leg has a support section 85 23 that extends downward,
overlying primary seal surface 19. Support section 85 is 24 conical, at the
sane inclination as primary seal sux'face 19, however may be at a | esser 25

di mensi on_§o L&t&glg f, d%ﬁheaakomwzs R 3 p68 Yl dhst lt eoﬁla@mh%twwéupport

section 85 26 t he ‘damaged prinary sealing surface . Under load, a

portion of2 sugporard &%ﬂgoﬂhoglﬂew of wellhgad pcermectomed FQM%?FF fmdl bearsyagaimst]
surface 19, b 1€ me 89

ext ends do’:'/vn ‘HIOHQ?} l?nggﬁggératg lﬁwﬂ Lk g%%%gm%?]s%mseala s{ffknace g‘g i nclines
relative té t&mm@fwingbbm@delﬁaﬂecdae%hmmmmaﬂt380hatm}di0dm:ebmddary
seal surfagce 21.. Tt e t . 0 te an 31
interfer eﬁ%e Fariali Wse@beéﬁg%lr%c tgre e%hr 3%%(%%?&%3;@1”%%“&“5%5%%3 n i nner
di aneter 3@ wiiwardandiipgard fiom trecess HlaC@mcad surface 3% haaidn appdr neepiial tdgea

central portign 91b that..x cr' b leads to a
| ower port ?‘§T8mfﬁ§ta"sll§° %‘ﬂ\ﬂé ‘M 82 %’ ?f% B‘ﬁ"’g’f ‘i}c‘ﬁg% *§¥€at er
di anet er tmanowopeazs and | ower portl ons 91 a) 91 c This 3 provides a
recessed o concavg i sr~ex 5| St he er b| ity of seal
riztg 4 $1 5 The ’fﬁ?f’&tc{flsfi mﬁ é?%ca% YCI é‘g éﬂﬁ?ﬁe shown
that a sep) Ohcusimgtint SM%QQB&&)@#&WS‘-SWQ ahmmhtstmtbaamheﬁmtae afi uppengent
pressure tests th rart sea Vi Xi onIy a | e seal nd and
no recess! Th@Q’iﬁéﬂ"ﬁéd?‘ﬁ?‘llﬁgWﬁﬁgiﬁgﬁf %‘?'E?Po‘é‘é&
i nst al | at {0NSgeaPbatll b edritiie ichd 2k 4 SdoktPSallR0d 43 tspawd &amcsaklybahmsw a l t S

hose kllledlnteartth i s not

forms, it _should be Japparent tQ ol

so IinitekP buecssss %ué‘c‘é%?fﬁ*%ﬂdﬁéa% °(5't}'éa 90 ths g lrEer ?ﬂdﬂtﬁ‘t}egﬂwﬁ'ng from
the scope1of fohfes igdtd 97). wiliDthe uRFBIIE of 8bIBAUGEd! iRl Frdth SesSdua Shave
deals with permanent or plastic deformation of the seal ring, it is 13 also
appl i cabl Bt ov#e&l seal ri ngs designed for elastic deformation. -5 1 W

claim 2 g A nmet glacls fimt seal B4 5Séxds Fom J?"&'lﬁaééhlﬂg o it o8 U6 agwhrd gBONd | €QS
extending in opp05| te directions and a rihb extenﬁ1 ng radially outward
C

from a jubct i¥n Bachserend gsghband 47 cxtsnds figgm b 53 Sveard the 4k of e 858l &8 449¢ i on of

each of tfhe lgg nuﬁﬂré}enéf&tuoeﬂn&w&am9mom,mm&béﬁgmb@éﬁpoﬁearaﬁur of
coni cal bands sgfar ated by a 7 recess. he seal aooording to claim

1, wher ei ¥ orles 84 of #fcandi{ye3- eEﬁ"bﬁﬂ’éWb%‘t é?ttslsﬂﬁ’ﬁtv‘“ﬂ%ﬁl?? sanqvidthiap Bhig o t he
recess, agpgd téﬁﬂ)oaﬁxteﬁt Ricels® t%'&daﬁd@ﬂw@ ROse1eS 1l 96 ﬁ‘:@fehs%'tﬁé/ccfniagﬁ?&ﬁﬁreﬁ' p of 11

the first |l eg to the recess. . The seal according to claiml

wherei n tHe r‘{fé%@‘tﬁééstﬂp‘%ﬂa‘“é%mf Wfér H"&’ﬁ%“r’e@° Vadtascrfdhe scabbands 45, 4:t'he seal
accor di ngat 0 sﬁbﬁame%uﬁmteﬂﬂ;ela&e%cda :@fav&men,bﬁm&ge Bas torsolicichitdhbain the gr eat er

17 than a width of the recess. . The seal according to claim1,

wher ei n e@ch sl b@W&' 45aflier qegts|ﬂm§ P?%@TH’S installation, \Rreferablythe\widih obsdghe. 21 22
6. The s %ﬁ@asﬂms te%rgi fthé&® tiho wm?mb&sseaﬁ hashoth i P@A0Sreferablyh@t ed in

t he same 3 coni cal surface of xevol ntion
25 upper and lower edges of recess 49 arc tapered. Also, recess 49 is preferably a

I

26  continuous curved surface, having a concave base 49a foumed at a radius. Recess 49 is
27 fairly shallow, having a depth that is less than its width.

28 Seal ring 43 is of metal and is constructed so that its seal bands 45, 47
29 interferingly engage conical surfaces 39 and 19. The interference causes elastic and
30 permanent yielding when wellhead connector 25 connects to wellhead housing 11.
31  The elastic yiclding of seal ring 43 provides the necessary sealing between seal bands
32 45, 47 and conical seats 39 and 19.



24 25 7. The seal accordic~g to clam 1, wherein: 26 a first one of the
bands extends substantially froma tip of the first leg; 27 a second one of
t he bands extends substantially fromthe rib; and 28 each of the bands is
inclined at the sane conical angle, and the conical angle is 29 selected to
differ froma seat angle so as to cause greater contact pressure in the
first 30 one of the bands than the second one of the bands. 31 -Db 1 8.
The seal according to claiml1l, wherein the sealing surface on the second

|l eg 2 conprises a contingent seal band extending froma tip of the second

|l eg toward, the ri and rated. fr.o e, [ P t rface that
Is at a su stantigllnﬁi’c 5@?@’?’%’%} oggl eI gﬁdtrie}l"'aa{;}lk \g%ﬁ)t%g’?dt%% %ﬁﬁt?g’eﬁ ‘seal
band. 5 6 ®. ddnécabaaile miative th the akis of Iseal ming 43 fand phdhe samepoheelnyrfacecafat i ng on

cacti of the bands of _7. nol nu ulfide, 8 . t |

conpri si ng’ ﬂ?v‘giuﬁ?"hg %ﬁvcfﬁ}géglﬁwggr %3?{ vc?’ow rmt?rélélg' sé%ﬁer’ﬁegfaéﬁ%esn?ﬁi Besite

di recti onsq f r giglecofity skdt 39tdado samsltoscredtdmerd contletrstressanti the Fiyst cadicshbahdf r om

a, unction of |l egs; 12 . a first anr~ical b on the.uypper | eg..extending
uaui nt en~u£t e%g]fqﬁ"’Br’r&"[ prsond f)°“é°a£§a"§e eé{"‘é’ '@iﬂﬁ@@s E&Rgﬁda%f Tﬁg% VB¢ he
uppeK |l eg;6 lgsxfameeaﬂﬂeaorthe:?kis dA3€h1 @iﬁgtﬂethrtpﬂ&radglbg f)sﬁﬂmp rgd 19 of |

uni nterrupte omthe tip. of 15 the per toward the fir coni ca
band; and A6 ‘é{ﬂh‘&%m"ﬁﬁbe‘?e?ée@g lllocg‘f‘@gﬁb"é‘g‘ﬁégﬂ Ihe ?‘Fr‘%‘fgcagfﬂin ?é(,tﬂr‘? coni cal
bands. 17 g8 degtees. The seal according to claim 10, wherein a width of the

recess is less than a wdth 19 of the first conical band and | ess, than a
wi dth of the secortffrens E@F“Bft’ﬂ?’@@’?@li’?ay ?ﬁ’@a’s@ﬂ 45a&§d’5‘%€ff‘ﬂ§ O?SIESy am 10,

wherein tfie fdreifth 3ihlSRER A Mﬁﬂm@aﬂﬁ%ayﬁld%&ebgﬁamm 8! 35et0s@Ne
coni cal surface of revolution. 23 24 13. The seal according to_claim 10,

wherei n: Pis tthensppd geunds gerssardn dochio nd capting 38 Tormed jogssaldinds 441 Bane
com cal ajzl Cordt hN@nARe SaiMRE C ANnGAEh SHoWhWmCretlss 46VAME EbARB: on¥ebkss 49

13 serves no sealing purpose. Coating 55 is preferably molybdenum sulfide. In the
14  preferred method, seal bands 45, 47 are finished to a high degree of smoothness, such
15 as 8 RMS, then thoroughly cleaned.. The molybdenum sulfide is coated on the
16 smooth surface without sand blasting the underlying metal. This provides a very

17  smooth surface finish.

18 Figure 4 shows a contingent gasket 81 in the event that primary seal surface 19
19  of wellhead housing 11 becomes damaged. Scal ring 81 has an upper seal surface that
20 is the same as in the other embodiments. It has a first seal band 84 and a second seal
21 band 86 separated by a recess 83, The lower leg, however differs and may be
22  constructed as shown in US Pat 5,103,915. The lower leg has a support section 85
23  that extends downward, overlying primary seal surface 19. Support section 85 is
24  conical, at the same inclination as primary seal surface 19, however may be at a lesser
25  dimension so that it does not touch. This results in a gap between support section 85
26  and the damaged primary sealing surface 19. Under load, a portion of support section
27 85 will deflect and touch primary seal surface 19, but not enough to cause sealing.

28 A lower scal surface 89 extends downward from support section 85. Lower
29  seal surface 89 inclines relative to the axis of bore 13 at the same inclination as
30 secondavy seal sutface 21. Jtis sized at a greater diameter so as to create an
31 interference fit with secondary seal surface 21. Seal ring 81 has an inner diameter

32  with an upper portion 91a that is conical and leads to a central portion 91b that is
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27 the conical angle is selected to differ frozrt a seat angle so as to
cause a greatEr 28 contact pressure of the seootad conical band than the
first conical band. 29 30 14. The seal according to claim 10, wherein the
recess has upper and | ower tapered 31 edges and a concave base. 1 15. The
seal according to claim110, wherein the |lower |eg has a contingent seal
band 2 extending froma tip of the lower leg toward the rib aztd separated
fromthe rib by a 3 support surface that is at a substantially different
angle relative to the contingent seal 4 band. 5 6 16. The seal according to

claiml0, §urReidaeX tRhtralipdfio 970 #alld '@ OBWEASIHHIGT 91clRat Bsdhfcal GdpraP! ydenum
sulfide. 8 9 17., The, seal. according to claim 10, further coufngb)rlm ng: 10 a

third coni éal PHARE %h if HEEP’G%E_I‘H r ShaneRpEn 8nd, vt eprtignt ale, pmike rib a
11 sel ect ed dpfvidesa reuagsed ofcdnciveGhndr MRinlcRiNE adsRBin t_ia?ﬂ%xibﬂi%‘bf‘scﬁpﬂlgcm band
on the I ower [eg extending unintetxupted fromtho tip of 13 the | ower |eg

toward the4thBkd conical band: and 14 an annul ar recess |ocated between the

thi d and §ourth op gabydantlS sBsch Manfipdto! reds S8 knnOBIPS] LN 17

au upper tubul ar menber having a ximand a conjcal seat |ocated on an inner
18 sur f aceb of consuqtedns abovegwasahlerto withstand mere sisivgerts dresswy tests than prier 2zt coni cal

seat | ocated i p@ﬁ% M ; : . menber ;
21 a seal ﬁav?%bsq{al#nggg@razﬁne%gégﬁa g];sld gﬂ?eggétsérﬂise% I nlg gﬁﬁf?@%ﬁéﬂ seal s
agai nst 228t hdecpwater subsaalveelliipgtallationsbul ar nenn~ber, a lower |l eg that has an
oubr sealigg surf . t. - ! : t l, t,ubul ar
menber , ang arib z;% “%x?g% EE%%P%P%%I%E?\)@% offfra{osn%{)g&j'ﬁnc Plgn&of t he
upper and10 oweppatestyto:thass skiledhindghe artithatsibisinohsp broitedduib is spepephitils torvgriowso

coni cal bapds r n r . WM fdh ni cal
bands ext Zﬂdi ﬂg@%ﬁhﬁgg&%ao g%ﬁ%m&g&p%r? f\%ﬂi&ﬁgﬁ:ﬁé‘)}ﬁ{ﬁ(’?f’g cl)egﬁ{dté"(ﬁ'gk‘g‘\%ard t he
n'b) and the disdwssion hbdvh el mithadernxmentsoreplastio defogndtion rof tireseal Hng) Gt isowar d
the tip of,the | eg_qgn ich it is |located; 29 the xecess. bei spal ler in
wi dt h thaiuSth SOCOﬁPpggfﬁ%aﬁ‘)ds"}ﬂ‘F ’ iﬂg’gfagg?%’&f%oéﬁpﬁ%fman%& P edges:
31 the conical bands being at the sanme conical angle arid in the sanne
conical 32 surface of revolution; _g_



t he conical angle of the conical bands being slightly smaller than a
conical 2 angle of each of the seats, rdativc to an axis of the tubul ar
menbers, so as to cause x 3 greater contact pressure with the conical band
that begins at the tip than the conical 4 band that begins at the rib. 5 6
19. The seal according to claim1$, further conprising a coating on each of
the 7 conical bands o~nol ydenumsulfide. 8 g _

.A 3. A5 . Ass. Ar. AL. A95L. A1 9. A9! " . A/ _b| Sz
xor|l#0( )} xsnid_ ZLUca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cAa]ca]ca]ca]c“a]ca]ca]ca
]ca]ca]cahc“apsakﬁa]cAa]ca]ca]c“a]ca]ca]ca]cTa]cTa' ))a@f*,,, =

/30011122|44#505gg mﬁ

<<9{qu98|X] [ Brhse f%%@%%$%a]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca

1 cal ca] calxcal cal calhighaahg & ahe #dor gt opposiis ARt D SCEEWE

<<’>{ vql gHf] xjeetending sially cutpasd from  imetignofithedersi) caj ca) cal] ca] ca] ca] ca] ca] ca
] ca] ca] calsca] ca] C akéafih drd0abie & Gadriva hertiogbl) dadllorske leps; @ 10%&' ()

109 . 10%& 3 1008 0948 3109

10, Y: (12)0/&'6() “2 (1%5‘%%&‘*( ylg?“ﬂfﬂ(c?'zw ‘s‘j’%ﬁ%’%ﬁ (")" ‘%@66%"“ ‘g sgpai %"3(7 \74
xxY:/ 10" 710%&&sd ) -3 ° 109%& () - 3‘ 1096& ()-3 ° 10% & ()-3 f 109B& ()-y f
1096& ()-%/g ,

9 2. The seal according to claim 1, wherein one of the bands extends substantially from
10  the rib to the recess, and the other of the bands extends substantially from the tip of
11  the first leg to the recess.

12
13 3. The seal according to claim 1, wherein the recess has upper and lower tapered
14  edges.

15
16 4. The seal according to claim 1, wherein each of the bands has a width that is greater

17  than a width of the recess.

18
19 5. The seal according to claim 1, wherein each of the bands is inclined at the same

20  conical angle.

21
22 6. The seal according fo claim 1, wherein each of the bands is located in the same

23  oonical surface of revolution.

24

25 7. The seal according to clam 1, wherein:

26 a first one of the bands extends substantially from a tip of the first leg;

27 a second one of the bands extends substantially from the rib; and

28 each of the bands is inclined at the same conical angle, and the conical angle is

29  seclected to differ from a seat angle so as to cause greater contact pressure in the first
30 one of the bands than the second one of the bands.
31



100dYNC 10 105 105 1051: 109%& ()-L$ 109B& ()-L$ 109B& ()-L$ 109& ()-°
1096& ()-3 | aB7C 10 10@ 109 ()- s 109& ()-- s 109& ()--s 109& ()-- s

109& ()-y's 109& ()-yl !#)#& KC 10 10! 10%& ()-@ 10%{& ()- @ 10%& ()-2°
"10%2K& ()-z! "10%z& ()-z 10 10& (.(/(0(@f*,,,bC8 10-u@: 10% u& ()-L
10% u& ()- L 10%u& ()- FLS 10% u& ()- @ 10z 10z

1 8. The seal according to claim 1, wherein the sealing surface on the second leg
2 comprises a contingent seal band extending from a tip of the second leg toward the rib
3 and separated from the rib by a support surface that is at a substantially different angle
4 relative to the contingent seal band.
5
6 9. The seal according to claim 1, further comprising a coating on ¢ach of the bands of
7 molydenum sulfide.
8
9 10. A metal seal, comprising:
10 a ring having upper and lower legs extending in opposite directions from each
11  other and a rib extending radially outward from a junction of the legs;
12 a first conical band on the upper leg extending uninterrupted from the rib a
13 selected distance toward a tip of the upper leg;
14 a second conical band on the upper leg extending uninterrupted from the tip of
15  the upper leg toward the first conical band; and
16 an annular recess located between the first and second conical bands.
17
18 11. The seal according to claim 10, wherein a width of the recess is less than a width
19  of the first conical band and less than a width of the second conical band.
20
21  12. The seal according to clajim 10, wherein the first and second conical bands ate
22  located in the same conical surface of revolution.
23
24 13, The seal according to claim 10, wherein:
25 the first and second conical bands are located at the same conical angle in the
26  same conical surface of revolution; and
27 the conical angle is selected to differ from a seat angle so as to cause a greater
28  contact pressure of the second conical band than the first conical band.
29
30 14, The seal according to claim 10, wherein the recess has upper and lower tapered
31  edges and a concave base,
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2  extending from a tip of the lower leg toward the rib and separated from the rib by a

3 support surface that is at a substantially different angle relative to the contingent seal
4 band.
5
6 16. The seal according to claim 10, further comprising a coating on each of the bands
7  of molydenum sulfide.
8
9  17. The seal according to claim 10, further comprising:
10 a third conical band on the lower leg extending uninterrupted from the rib a
11 selected distance toward a tip of the lower leg;
12 a fourth conical band on the lower leg extending uninterrupted from the tip of
13 the lower leg toward the third conical band; and
14 an annular recess located between the third and fourth conical bands.
15
16 18. A well assembly, comprising:
17 an upper tubular member having a rim and a conical seat located on an inner
18  surface of the rim;
19 a lower tubular member having a rim and a conical seat located on an inner
20  susface of the rim of the upper tubular member;
21 a seal having an upper leg that has an outer sealing surface that seals against

22  the seat of the upper tubular member, a lower leg that has an outr sealing surface that

23  seals against the seat of the lower tubular member, and a tib that extends radially

24  outward from a junction of the upper and lower legs;

25 each of the scaling surfaces comprising two conical bands separated by an
. 26  annular recess, with one of the conical bands extending from a tip of the leg on which

27 it is located toward the rib, and the other of the conical bands extending from the rib

28 toward the tip of the leg on which it is located; '

29 the tecess being smaller in width than the conical bands and having tapered

30 upper and lower edges;

31 the comical bands being at the same conical angle and in the same conical

32 surface of revolution;
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19. The seal according to claim 18, further comprising a coating on each of the
conical bands of molydenum sulfide.
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