©8 PECEMBER 2005 | GASKET W TH MULTI PLE SEALI NG SURFACES 2 Th&pRiNiBRE 2605
clainms priority fromthe provisional application Serial No- 3 60/302, 162.
filed June 29, 2001 entitled "Gasket with Miultiple Sealing Surfaces". 4
Technical Field 5 The present invention relates in general to

metal -to.netal seals, and in 6 particular to an inproved gasket for

seal i ng between a wel |l head housing and a 7 well head connector. 8
Description of the P'or Art 9 In oil and gas well head assenblies, tubular

menbers are connected end-to-end 10 and seal ed by a gasket or sea] ring.
One type of seal ring, 8 ' | 1 well head

|y used in subsea
assenblies, is of netd Jk%ﬁmeﬁwmﬁﬁmFmE$b ext ends

radially 12 outward froma junction of the | egs. Each | eg has a coni cal

'sealing s@rface tMhis appleatingalins: pricRpiseal th%qﬁsviaana@@ﬁpﬁ&ﬁéd“ﬂeﬁ Jread
at ext ends

menbers. JThe | in face 14 is a continuous cone
fromthe ti péﬁf#H{Z,ﬁ@ ﬁi@ﬁpgﬂ&éb‘dli %ﬁﬁ%@aﬁ@wﬂtﬁéﬁgu@e Sealing Sutfires'seal i ng
surface i% téﬁi!cal I!')é 25 ightly different that the taper angle of the seat,
16 creating ence netal -to-netal sealing engagenent. A coating,
such.as ag 17 silyer all oy, ma%qbe gg)p,lied to the sealing surface to
enhance sealing. Pt prmton relatsy iporRealvy metqlidavaetl sedlspmdvinent s ar e

desired i@ tpaticild ®bid idiproodd mwsﬁalseﬂﬁg%mﬂgﬁ%ﬁﬁwgilﬂiﬁﬁiﬂéeaﬁéuar e gas

over Iong7 periqds,of tinme. 20 Summary of the Invention e”seal” of this
i nvention’ ha%® BPPELPt el y extending legs and a rib 22 extending

radially Jr t he _Lun{;ti n of the legs. A pair of sealing bands are | ocated
23 on at eiﬁ&ﬂﬂ—%ﬂﬂﬁ&ﬂ% The seal i ng bands are separated by an
annul ar reCcess. e .
oil and gas wellhead assemblies, tubular members are connected endto-end

16 and sealed by a gasket or seal ring, One type of seal ring, parﬁéularly used in subsca

11 wellhead assemblies, is of metal and has upper and lower legs. A rib extends radially

12 outward from a junction of the legs. Each leg has a conical sealing surfuco fhat

13 engages a conical seat on one of the welthead members. The conical sealing surface

14  is a continuous cone that extends from fthe tip of the leg to the rib. The taper angle of

15 tbe sealing surface is typically slightly different that the taper angle of the seat,

16  creating an inferference metal-to-metal sealing engagement. A coating, such as a

17 silver alloy, may be applied to the sealing surface to enhance sealing.

18 This type of seal works well. However, improvements are desired iz the

19 ability of the seal to seal against high pressure gas over long periods of time.

N

20 Summary of the Invention

21 The seal of this invention has two oppositely extending legs and a b
22 extending radially from the junction of the legs. A pair of sealing bands are located
23 onat 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 ofhier 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 sulfige is applied to the sealing
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24 of the sealing bands extends fromthe tip of the leg to t
ot her extends 25 fromthe n'b to the recess. 26 Preferably, I’h?hlgﬁg an sEiz?r’h(eﬁ05
| ocated in the sanme conical surface of revolution. 27 The taper angle is
slightly smaller relative to the axis of the seat ring, than the seat. 28
Thi s causes greater contact pressure in the sealing band | ocated adjacent
the tip than 29 the one next to the rib-' A coating of nolybdenum sul fide
is applied to the sealing -1 28 DECEMBER 2005 | bands in the preferred

enbodi ment The recess has tapered upper and Iovver edges 2 and in the
th legs are

Plenti cal 1 TOREDEY Depreyel eFBRAGIT, 1o Gios s derared ﬁwﬁaam al leg in

t he event 2t hentinnhepkferebémndihén, Haouwesnchvebakar marrber is 5 danmged. The
is located 6

conti ngen; seal | a sin | band, and it

adj acent %he tip g‘%{?‘@@pg’?g{% g?'%’é‘%‘pg%"r e OB SASIoTRE theoyeel Pasent seal
band is a4 aconfingeit teatl mmeaaghem rehidli 366t b e RwaX b desgal ring,
t han t he V\chelglg&m%%dse%n t he ﬁ OE osite |eg. 9. Brief Dlelgirnflptloﬁgaof
Drawi ngs 10 fpged FM@@‘&W &8 g“"a%ye. E‘&%oﬁea@gs'@&ﬂ #dritisrlgentedy i n
accordance wadjicehi e tip indspaaRRE bl Y Spb@Beclbsl ThHOWMLhARE &l BlaheiMeen a

wel | head ?ou5| ng and a well head 12 connector. 13 Figure 2 1s an enI ar ged
sect i onal 7 vi BfF e‘*’lPﬁ%ﬂ“g‘z‘aWI”@Ff’M‘B‘Eu?’@s?fﬁleE?AIM&gﬂWéﬂ@tWQS%ibmdBmtt&ver

enl arged gecidRgalieyi ew of a portion of the seal of 15 Figure 1. 16 Figure
4 is a sectional view of an energency enbodi ment of the seal of Figure

9  Brief Description of Drawings

10 Figure 1 is a sectional side view of a seal constructed in accordance with the
11 present invention and shown installed between a wellhead housing and a wellhead

12 conmector.

13 Figure 2 1s an enlarged sectional view of the seal of Figure 1.

14 Figure 3 is an a further enlarged sectional view of a portion of the seal of
15 Figure 1.

16 Figure 4 is a sectional view of an emergency embodiment of the seal of Figure
17 1. :

18  Detailed Description of the Preferred Embodiment of the Present Invention

19 Referring to Fig. 1, wellhead housing 11 has a bore 13 terminating on its upper
20 end in a rim with an upward facing shoulder 17. A conical primary seat or sealing
21  surface 19 extends downward and inward from shoulderl7. - Primary seal surfuce 19
22  has a lower marginal edge that joius & secondary seat or seal surface 21, Secondary
23 seal surface 21 is preferably conical, also, but at 2 lesser angle relative to the axis of
24  bore 13 than primary seal surface 19. The lower marginal edge of secondary seal
25  surface 21 joins a transition surface 23. The axial extent of secondary seal surface 21
26  is less than the axial extent of primary seal surface 19 in the preferred embodiment.
27  Transition surface 23 is a conical surface with a lower edge that joins bore 13.

28 A wellhead connector 25 will connect to wellhead housing 11, Wellhead
29  comector 25 has a lower portion that slides over the exterior of welthead housing 11.
30  Wellhead connector 25 has a locking member such as dogs (not shown) that are
31 moved into engagement with grooves (not shown) formed on the exterior of wellhead
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17 1 18 Detailed Description of the Preferred Enbodi ment of 4gherPERFBRR 2005
I nvention 19 Referring to Fig. 1, well head housing 11 has a bore 13
termnating on its upper 20 end in arimwth an upward faci ng shoul der

17. A conical primary seat or sealing 21 surface 19 extends downward and
inward fromshoulderl T _ Frimaty seal surface 19 22 has a | ower narginal
edge that joins a secondary seat or seal surface 21. Secondary 23 seal
surface 21 is preferably conical, also, but at a | esser angle relative to

the axis of 24 bore 13 than prinmary seal surface 19. The | ower nmarginal
edge of segco ) al face. |0l ns ransition surface 23. The
axi al ext g‘nt ch)@glé%?g‘ndvg?]f/h%g%a nng‘l%? %%léisflgorig#d@%se‘éosax{aﬂgﬁﬁtbﬂ@ Byi &l extent
of primary2 sewiwisard ficaglboildert3Seofpwelfhesd entnandy @i doRtibts s2d bbiSRSHION

28 A

el | hoad conmbRple Teohrreed fete 1" goRiReal R nerhgdidb hemiren 20

connect or 425 dossward favieg sipalder 85) Rétaks Fi iad @8 o@MEwall BE 1RX LY 'cﬂfan&ﬁl | head
sucn as dogs

housing 11. 30 .Viél.l he%%l %jg%r}’necto 25 has a_locking nmenber
(not shovv??) Rzaalyyith wellhead conpeciqn barecddy Aromical seqtior Feading gitrfage 3hertendhown)

formed on 6t haemideamiddawal Hpl HBead7: M%&@ﬂ%ﬁ%ﬁﬁ&g@%&%&d&i )

Vel | head connectar 25 has a bore 33 that is coaxial with f
downwar d fac Eﬁ?éj‘gPﬁ)%FﬁElmEﬁh%‘%%ﬁl Peggtieuitaddedd pperpendicalsr to theaxipear s
agai nst 3 sheuvbdas, 17 of well head housing 11- A recess 37 is |located

radially inward from 4Pgovv{w_vard aci ng shoul der 35. Recess 37 has an outer

wal | 38 tRat is coi&akt gesbetenen Wellbeadepmsetan2 T endwelthesd bore 33.
A coni caljgseab peatd ds,q i . | rom
0S€hby HeangS4Y § 360ralf) BitiB g xﬁwwggaﬁwa% rom

recess 37, Conical surface 39 has an upper margina
transiti dh sEdipides 44 and ariowssles poen t@eer symunefrival diaok poition hawra fist t he axi s

12 seal band 45 near one end and a second seal band 47 spaced from seal band 45by a
13 recess 49. A rib 53 extends radially outward on the exterior of seal ting 43. Rib 53
14 locates in recess 37, with the outer side of rib 53 located inward from recess outer
15 wall 38,

16 Each first seal band 45 extends from a tip of its seal leg 44 or 46 toward rib
17 53. Each second seal band 47 extends from rib 53 toward the tip of its seal leg 44 or
1§  46. Inthe preferred embodiment, recess 49 is located midway between the tip of each
19 leg44 or 46 and «ib 53. Each scal band 45, 47 is substantially the samewidth in this

20  embodiment. Recess 49 has a width that is selected to increase the contact pressures
21 of seal bands 45, 47 against their scats. Howevet, the widths of the scal bands 45, 47
22 should be sufficiently large so as to avoid any leakage due to small scratches in the
23 seal bands 45, 47 or seats that ocour during installation. Preferably the width of each
24  band 45, 47 is several times the width of recess 49. As shown in Fig.3, prefetably the
25  upper and lower edges of recess 49 are tapered. Also, recess 49 is preferably a
26  continuous curved surface, having a concave base 49a foumed at a radius. Recess 49 is
27  faitly 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 surfuces 39 and 19. The interference causes elastic and

30 permanent yielding when wellhead connector 25 conmects 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.



8 of''bore 33. 9 A gasket or seal ring 43 | ocates between wel |
25 and well head 10 housing 11. Seal ring 43 is generally T-s a%géﬁﬁgﬁgﬁ?ﬁhs
this enbodi ment has an upper | | end or log 44 and a |ower leg or end 46
that are symetrical. Each portion has a first 12 seal band 4S near one
end and a second seal band 47 spaced from seal band 45by a 13 recess 49. A
rib 53 extends radially outward on the exterior of seal ring 43. R b 53 14
| ocates in recess 37, with the outer side of rib 53 | ocated inward from
recess outer 15 wall 38. 16 Each first seal band 45 extends froma tip of
its seal leg 44 or_ 46 toward rib__17 53. Each second seal band 47 extends
fromrib 53 t owar ditthe embpdigents of Figs afldeé opgh geal bagl 48 47 is athibe pmef err ed
enbodi menty r 19 | eg 44

2 ! aafsPatd: feanwfcaal@qn@o@\e@ahﬁ @o}.fh&"e %ﬁ% Eunglaéﬁgk‘ peclok | €0 4

or 46 and nib 53 Each seal band 45, stant|
this 20 énbdgrefavn Rbiscegicaloangles hawomtta mfa:tablwssbahusedtm drokmibe ease t he

contact prges f t at s ver,
t he wi dt hs4e of%ll? he f;%iseﬂgg%ggb SQ%%SGWAB?@Zm %ocg t%gl%sguopﬁb %F%ﬁ??‘&’“i gg“gg SO as
to avoi d dny 45trmde tpoend: eonisalbind 4Fr Refoiving forFigires 1 28d Sedtle hghdit #5, 47 or

seats that o t raf.erahly dt h. of h 24 band
35, 47 10 Sooyar el ARG « B8 s B LT vin 8 BB b B o i 10 p 35 ot
pref erabl ¥ t tveclihgsl mopbers 2 dnd dlerSwidbjesingles fbarskm th rafge ffoaper esldsAl so,
recess 494is gﬁg rably a 26 continuous curved surface, having a concave
base 49a font at a radius. Recess 49 is 27 fairly shallow, having a

depth tha#® is | esRefduing dghin (FR B, thd Sreld bbdyr 6fvgal4iigi 45 i0 prefRERY ofRigh | S

curaces o Maefbhuel 358 s FEPER s uiloe it BPte Cr g e bon o han

surfaces
yi el di ng mhemhm:idrmddscmmqm@mcm Accouiag 55 id forved bl ead baedisisngy id. 31
The el astpc il 6 OhaRle SSRl, "ARBbulE RN b Sosels s, Mo SSRAL Y SE3 J9 DOt ween

13 serves no sealing purpose. Coating 55 is preferably molybdenum suifide. In the
14 preferted method, seal bands 45, 47 are finished to a high degree of smoothness, such
15 as & 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 2 contingent gasket 81 in the event that primary seal surface 19
19 of welihead housing 11 becomes damaged. Seal ting 81 has an upper seal surface that
20 s 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 primaty seal surface 19, but not epough to cause sealing,

28 A lowet seal 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 sccondary seal surface 21. It is sized at a greator diameter so as to create an
31 interference fit with secondary seal surface 21. Sesl ring 81 has an inner diameter
32 with an upper portion 91a that is conical and leads fo a central portion 91b that is
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32 45, 47 and conical seats 39 and 19. -3 28 DECEMBER 2005 | .

enbodi nents of Figs 1 and 2, each seal band 45, 47 is at thejégﬂghi: BER 2005
conical angle relative to the axis of seal ring 43 and on the same conical
surface of 3 revolution. This conical angle, however, i's preferably
slightly different fromthe 4 angle of its seat 39 or 19 so as to create
nore contact stress on the first conical band 5 45 than the second coni cal
band 47. Referring to Figures 1 and 2, the angle 51 is 6 smaller relative.
to the axis of seal ring 43 than the angles of seats 39 and 19 of 7

wel | head nber.s 25 .a . Suit e.angles 51 are jn the range from22 to
45 8 degr esf’yl@ldﬂgq‘]‘e?%fl%’é P&é&ﬁ‘ﬁwkaﬁﬁ 2 Wﬁ?@h%?félthﬁdﬁj?”éﬁavSQWtfﬂh ng 45
i's preferadlypadiohiogh is bP ghiatee dikdteithaal uppst Gl BveR psiiBhdbBS 18! eflis havi ng
a yield st%en tg?ﬁl | east fron135.to4g%u&1 t housand pounds per square inch.
A coating 55 PEVI9ST ALEFHRI QR EICHg fprer Sigmefer 10 gssisi ; e dlexibiliy afweahwieg

seal ing. A&theugh shown on recess 49, the coating on recess 49 13 serves

no sealing_purpose, Cpating 55 i.s_preferably nolybdenum sulfide. In the 14

€ .
preferred Tet hod, S¥altvepsion shag i gdveniagesy o flest havehshowndthgt e csedf
snoot hnessg  Sembtructed 28 Sb&ve e able K WithIRHAARGD ifing ?faé‘sq faflPhigigenum
sulfide is_coated on the e16 sam)ot hlsurface wmflﬁégﬁ sqﬁrdte%%]ast 1lr11‘%c§%?the
under | yi ng’ metedls heying enlyasingdroscabbapd pgd ng recessp ditis is perfieudalyf imposimt &8 Fi gur e

4 shows asion&e!eﬁ@ﬂ&tsugﬁamhhﬁknhﬁbnk,he event that primary seal surface 19
19 of well head housing | 1 becones danaged. Seal ring 81 has an upper  seal

surface tHat 20 iWhilé e dnyeptionshasrbepmh showth iy ondyriswel iofietn tierms) it shadd def i r st
seal banci4 pskedt 13 RRA0GIRGAL mﬁ%& 814 56t RIBRHAESs WocBelb BB I3 T

| ower | eg, however differs an
11  changes without departing from the scope of the invention. For example, atthough the
12 discussion above deals with permanent or plastic deformation of the seal nng, it is

13 also applicable to mefal seal nngs designed for elastic deformation,




22 constructed as shown in US Pat 5,103,915. The lower leg h YN
section 85 23 that extends downward, overlying primary seal azsu]ragace %BZTRZOOS
Support section 85 is 24 conical, at the sanme inclination as primry seal
surface 19, however may be at a |l esser 25 dinension so that it does not
touch. This results in a gap between support section 85 26 and the damaged
primary sealing surface 19. Under |oad, a portion of support section 27 85
will deflect and touch primary seal surface 19, but not enough to cause
sealing. 28 A |ower seal surface 89 extends downward from support section
85. Lower 29 seal surface 89 inclines relative to the axis of bore 13 at
the sanme inclination as 30 secondary seal surface 21. It is sized at a
greater dianmeter so as to create an 31 interference fit with secondary
seal surface 21. Seal ring 81 has an inner dianmeter 32 with an upper
portion 9l1la that is Cogti;lfz@@ft@”d | eads to a central portion 91b that is .4
28 DECEMBER 2005 cyl i nari >* Central portion 91b leads to a | ower portion
91c that islc nical. .Central portion 91b is of greater dianmeter than upper
and | ower po'r?‘i% SeAlLompuiging:n s provi des a recessed or concave iuner
dianmeter to assist in the flexibility of seal ring 4 81. 5 The invention
has significant edyahvages: shoyn fhat a seal 6 constructed as
above was abl.e .to wit hstanat %?E&E{i}%ﬁ& n‘iﬂ‘%f&ﬂpaoﬂfpégg@omm@bmaemmg
seal s havi nﬁ‘dﬁnﬁ‘l‘it‘”érdﬁ%kéms@mlofﬂmm@sﬁnd no recess. This is paWularly
inportant for 8 deopwate r subsea well installations. 9 Wiile the

i nventi on has begsalkl L wo of its forps, it should N,, 1o
apparent to those si %ﬁbe?g%%%éoéﬁorﬁ%?fteﬁh‘?fé'-hen'@gs;so linited but is
susceptible to yadoys | I chngas w thout departing fromthe scope of the
i nvention, For g@?éﬁ%iﬂg,s"@%ﬁ@ﬂlg tt g being a pair of conical bands separated by a recess;

wherein:

a first one of the bands extends substantially from a tip of the first leg;
a second one of the bands extends substantially from the rib: and

each of the bands is inclined at the sarhe conical angle, and the conical angle is selected

to differ from a seat angle 5o as 1o causs greater contact pressure in the first one of the bands than
the second one of the bands,

2. The seal according to claim 1, whetein the recess has upper and lower tapered edges

3. The seal according to claim 1, wherein each of the bands has a width that is greater than a
widih of the recess.

4. '.I‘he seal according to claim 1, wherein the sealing surface on the second leg comprises a
contingent seal band extending from a tip of the second leg toward the rib and separated from the
tib by a support surface that is at a substantially different an

gle relative 1o the gontinee
o ngent seal
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12 di scussi on above deals with permanent or plastic do-forinag pfl
seal rig& it is 13 also applioable to netal Seal rings deg?gﬁggm?géEhnﬁms
el astic defonnation. 28 DECEMBER 2005 CLAIMS: 1. A netal seal,
conprising: a ring having first and second | egs extending in opposite
directions and a rib extending radially outward froma junction of the
| egs; a sealing surface on an exterior portion of each of the legs; the
sealing surface on the first leg being a pair of conical bands separated by
a recess; wherein: a first one of the bands extends substantially froma
tip of the first leg; a second one of the bands extends substantially from
the rib; and each of the bands is inclined at the sane conical angle, and
the conical angle is selected to differ froma seat angle so as to cause
greater contact pressure in the first one of the bands than the second one

of the bandss, Zm.Thg .according to claiml, wherein the recess has
upper and | ower t aperazcggljgglge%. clagm %h@‘“@@'a?f’%’émgcﬁ aopting anl eicinof, theVB&Ig| JF
each of the Belflsmimasulfidasi dth that is greater than a width of the recess.
4- The seal according to claim11, wherein the sealing surface on the second

| eg conmprisgs 2n. i ngent . seal band extending froma tip of the second
|l eg toward the I’I%P%%]Jﬂg '8t ed fromthe rib by a support surface that is

at a substantially di ff_erent angle relative to the contingent seal band.
-6- 0 28 DECENVBERIZ®BMyIng upper and lower legs extending in opposite directions from each other and a

1ib extending radially outward from a junction of the legs;

- a first conical band on the upper leg extending uninterrupted from the rib a selected
distance toward a tip of the upper leg;

a second conical band on the upper leg extending uninterrupted from the tip of the upper
leg toward the first conical band;

an annular tecess located between the first and second conical bands; wherein:

the first and second conical bands are located at the same conical angle in the same
conical surface of revolution; and

the conical angle is selected to differ from a seat angle so as to cause a greater contact
pressure of the second conical band than the first conjcal band

7. The seal according to claim 6, wherein a width of the recess is less than a width of the firgt
comical band and less than a width of the second conical band.

8. The seal according to claim 6, wherein the recess has upper and lower tapered edges and a
concave base.

9. The seal according to claim 6, wherein the lower leg has a contingent seal band extending

from a tip of the lower leg toward the rib and separated from the rib by 3 support surface that is
at a substantially different angle relative to the contingent seal band,

-7- ©°



5. The seal according to claiml, further conprising a coating g8fSNBE® 2005
the bands of nolybdenum sulfide. 6. A netal seal, conprising: a ring
havi ng upper and | ower |egs extending in opposite directions from each
other and a rib extending radially outward froma junction of the legs; a
first conical band on the upper |eg extending uninterrupted fromthe rib a
selected distance toward a tip of the upper leg; a second conical band on
t he upper leg extending uninterrupted fromthe tip of the upper I|eg toward
the first conical band; an annul ar recess |ocated between the first and
second coni cal bands; wherein: the first and second conical bands are
| ocated at the sanme conical angle in the same conical surface of
revolution; and the conical angle is selected to differ froma seat angle
SO as to cause a greater contact pressure of the second conical band than
the first copic 7y, The seal gccording to claim®6, wherein a width
of the recegs@ [ ‘?Ki gggqﬁ% '%lt‘.\’mcﬁi‘% 6o furihge comprising gecnating dn BRA AR bhRE of
than a wi dt Huddybdemen sidfidend coni cal band. 8. The seal according to claim B,
wherein the recess has upper and | ower tapered edges and a concave base.
9. The seal jac ing to claim®6, wherein the |ower |eg has a contingent
seal band e%?'eﬁ%%@la%fqrg’ﬂgépﬁlﬂﬁlgﬁmn@om@ngzl eg toward the rib and
separated fromthe rib by a support surface that is at a substantially
di fferent angl e a @it donizaft Band i | band, -7-_ 0 28 DECEMBER
o AR 90 R B HpLs - fmm S Prsglooi

2005 10. The..seal, acgordi to claim CO
each of t he%%ﬁ‘ffstowg atip ort]gle lower leg;

a fourth conical band on the lower leg extending uninterrupted from the tip of the lower
leg toward the third conieal band; and

an annular recess located between the third and fourth conical bands,

12, A well assembly, comprising:

an upper tubular member having a rim and a conical seat located on an inner surface of
the rim;

' a lower tubular member having a rim and a conical seat located on an inner surface of the
rim of the lower tubular member,

a seal having an upper leg that has an outer sealing surface that seals against the seat of
the upper tubular member, 4 lower leg that has an outer sealing surface that seals against the seat

of the lower tubular member, and a rib that extends radially outward from a juaction of the upper
and lower legs;

cach of the sealing surfaces comprising two conical bands separated by an annular recess

with one of the conical bands extending from a tip of the leg on which it is located toward the

1ib, and the other of the conical bands extending from the rib toward the tip of the leg on which it
is located;

-8- o



nmol ybdenum sul fide. 11. The seal accor di ng to claim6, furth B
a third conical band on the | ower | eg extending uninterrupt e?sflﬁggﬁ{hgghmﬁs

a selected distance toward a tip of the lower leg; a fourth conical band
on the |l ower |leg extending uninterrupted fromthe tip of the lower |eg
toward the third conical band; and an annul ar recess | ocated between the
third and fourth conical bands. 12, A well assenbly, conprising: an tipper
tubul ar nenber having a rimand a conical seat |ocated on an inner surface
of the rim a lower tubular nmenber having a rimand a conical seat |ocated
on an inner surface of the rimof the |ower tubular nenber; a seal having
an upper leg that has an outer sealing surface that seals against the seat
of the upper tubular nmenber, a |lower | eg that has an outer sealing surface
that seals against the seat of the |ower tubular nenber, and a rib that

extends radial | ygpoyisparyl:fr Lunction of the upper and |ower |egs; each
of the sealing sur?gces&éggrﬁﬁg}]% %W@@aoﬁ%ﬁlﬁ@am%m and haviag &gerdd upder and
annul ar recé¥redgeit h one of the conical bands extendi ng froma tip of the
|l eg on which it is |located toward the rib, and the other of the conical

bands extendi ng : rig toward the tip of the leg on which it s
| ocated; -8 28 &%@E’%% et i s owicalganghendridein the samedédhichN @b §F
coni cal banuwolatieh; havi ng t apered upper and | ower edges;

the conical angle of the conical bands being slightly smaller than a conical angle of each
of the seas, relative to an axis of the tubular members, so as to cause g greater contact pressure
with the conical band that begins at the tip than the conical band that begins at the rib.

13. The seal according to claim 12, further comprising a coating on each of the conical bands of
molybdenum sulfide,

14. A well assembly, comprising:

an upper tubular member having a rim and a seat located on an inner surface of the rim
the seat having a primary sealing surface that is located in a single conical swface of revolution:

a lower tubular member having a rim and a seat located on an inner surface of the ritn of
the lower tubular member, the seat of the lower tubular member having a primary sealing surface
that is located in a single conical surface of revolution;

a sel having upper and lower legs sepatated by a rib that extends radially outward from a
Junction of the upper and lower legs; and

cach of the legs having on an outer side two flat, conical bands separated by an annular
recess, one of the bands on each of the legs extending from the 1ib to the recess, the other of the
bands ott each of the legs extending from the recess to a tip of each of the legs, the bands of the
upper leg engaging the primary sealing surface of the upper tubular member, the bands of the
lower leg engaging the primary sealing surface of the lower tubular member.



t he coni cal bands being at the sanme conical angle and in thedfsa]ggcmqhﬁﬁzoos
surface of revolution; the conical angle of the conical bands being

slightly smaller than a conical angle of each of the seats, relative to an
axis of the tubular nmenbers, so as to cause a greater contact pressure

with the conical band that begins at the tip than the conical band that
begins at the rib. 13. The seal according to claim12, further conprising a
coating on each of the conical bands of nolybdenum sulfide. 14. A well
assenbly, conprising: an upper tubular nmenber having a rimand a seat

| ocated on an inner surface of the rim the seat having a primary sealing
surface that is located in a single conical surface of revolution, a |ower
tubul ar nenber having a rimand a seat |ocated on an inner surface of the
rimof the | ower tubular nmenber, the seat of the |ower tubular nenber

having a priar [ urface. that.is |located in a single conical
surface of reVoﬁfﬁgk?&gm@ga"}wﬂa@ﬁﬁ& °[?ﬂ’;3(—:1|4= &’ﬁﬂemm’l‘f@gﬁso eqsh o thedlefny ara
rib that extsenmbler in aititiathby eichst vethelbddd@m a j unction of the upper and | ower
| egs; and each of the | egs having on an outer side two flat, conical bands

separ at ed bﬁsaqpannﬁlar recess, one of the bands on each of the |egs
ext endi ng from Ch&F PHORYY afcoriing iadaim; e wherpig thegand festhest drogtsthe rib et fies
the | egs extlgyigh agodicd adididiaf 8BSy sRhafer bl each .of .Lhe | egs, .1 he hands
of the upper gfg_senbgagigrllg the pg;?liﬂfzary srtetﬁa ia%émgﬁﬁéf%lggf p{’%‘%ﬁﬁ%’é‘gs Bl ar
menber, t he S4KAEstIPOYA cnembonernd | thygband dartiestfranh éhent abhy seead icBGasHeiRGE Of
the | ower t & Hat NEOMBRy sri MBER 2005 15. The well assenbly
accor di ng tgg%ll ai m 147 %erele?lﬁltaﬁg chg(%sagglg Oi&em%ﬁc Syrfge; ofjike segend | er
in wdth t h&bulsr meaberofelativetoramsis of the tubular members.

17. The well assembly according to claim 14, wherein the bands of the first leg are at the same
conical angle, and the bands of the second leg are at the same conical angle.

18. The well assembly according to claim 14, further comprising a coating on each of the

conical bands of molybdenum sulfide.

-10- [»]



16.. 'The wel | assenbly according to claim14, wherein the ban
the rib of the first |leg has a conical angle that is slight?%/ggﬁaﬁiﬁ\girm %Hrgs

a conical angle of the primary sealing surface of the first tubul ar
menber, and the band farthest fromthe rib of the second | eg has a coni cal
angle that is slightly smaller than a conical angle of the primary sealing
surface of the second tubular nmenber, relative to an axis of the tubular
menbers. 17. The well assenbly according to claim 14, wherein the bands of
the first leg are at the sane conical angle, and the bands of the second
|l eg are at the same conical angl e. ABSTRAGCE wel| assenbly according to claim
14, further conprising a coating on each of the conical bands of

nol ybdenum sul fi de. ABSTRACT GASKET W TH MULTI PLE SEALI NG SURFACES A
metal seal for a wel GASKETWNWIEHMUYLTHER-ESHALING SURFAGQES egs extending in
opposite directions fromeach other and a rib extending radially outward
froma junction Aofmetaheeal Eya wllhpad sssenldn banippea s loret kegs extpdingling ext ends

uni nt errupt e%ﬁﬁg%iﬁaﬁ’ga%&%?fa‘?ﬁb&&t% glrﬁ.} ARSE; ﬁ%@i‘ﬂ%?’n éf‘pdr%rﬁ t he upper

l.eg. A second®coni cal e upper leg ex Fell fromthe
tip of the uUppwionoftelegnaAdfinstrenichliband onthieagper ligmtendywmintonmyitead fromecess i s

I db ' ' . | h
o coni ool eap & ekl GnBRRABRFEUP oFASAR 107 M heonklVinic U o 69 71 50 DS

two coni cal

upper leg extends uninterrupted from the tip of the upper leg toward the first conical
band. An annular recess is located between the first and second conical bands. The
lower leg also has two conical seal bands soparated by a recess.

Figure 1
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