PRESSURE ENERG ZED RADI AL SEAL BACKGROUND OF 1 NVENTION Field of the

I nvention [0001] Enbodi nents di scl osed herein generally relate to bl owout
preventers;used in the oil and gas industry. Specifically,  enbodinments
selected relate to bl owout preventers with a novel seal assenbly to sea

bet ween hi gh-pressure and | ow pressure zon d Art [00021wel |
control is an i nporRPRESSERdE NEM@Q@@E@%@&%W When drilling a
wel |, for exanple, safety devices nust be put in place to prevent injury

to personnel and danmageBACKGROTEND OFsINMIRYTH unexpected events
associated with the drilling activities. [0003]Drilling wells involves

penetrating a variety of subsyifjaceulqal@gion structures, or "layers."
Qccasionally, a wellbore will penetrate a | ayer having a fornmation

Pl o @ tinen Bt Stone! ek Fobll THel Oy Jitvirtlr Wodin [
pressure i NEegReaRs pac ;m‘(gy.ij S bcfickitpK cnbodisRetald yiall afiead tiywas

influx of formation fluids (which nmay be a |i . a copbi nation

uid, a gas, .or
t her eof ) i nipeevehiersaestithbarmovelriseal rassepblyetoy se8i BetyreasEigharessEr TS o
propagate froma point of entry in the wellbore uphole (froma
hi gh- pressuPEFE§78W™t 0 a | owpressure region). If the kick is allowed to
reach the surface, drilling fluid, well tools, and other drilling
structures may be bl own out of %%g mehﬁgg&g. Such "bl owouts" may result in
cat astrophi c destruction of the F@Plng-equipnent (i ncluding, for

le, the dri]li i d substantial . deat h,of ri.g.
per S0iNZ] 1000AYEbEGHIEE ot FRSTARCI DB OO S SHyPee WHSMAEE owout

preventers (‘;e%;'?&;%gﬂﬁ,fe ggfégﬁir%vﬁés ARQVEe gﬂEin@th@ vt hiey eiel;lﬁdcrﬁﬁ@elor on

the sea floor Tn p-wat er Ing arrangefents to effecti y seal a
wel | bore untahll detdeeeonemipmes readtile fcak emexpecdnevepls asiecied WitlBERs nay
be activated so that, kicks are adequately controlled and "circul ated out"”
of the systé%ﬁhW%%Wgﬁﬁﬁe several types of BOPs, the nost common of which
are annul ar bl owout preventers and ramtype. bl owout .
- [0003] Drilting wells involves penstrating a variety of subsurface geclogic structures,
or “layers.” Ocecasionally, a wellbore will penetrate a layer having a formation
pressure substantially higher than the pressure maintained in the wellbore. When
this occurs, the well is said to have “taken a kick.” The pressure increase associated
with a kick is generally produced by an infiux of formation fluids (which may be a
liquid, a gas, or a combination thereof) into the wellbore. The relatively high-
‘pressure kick tends to propagate from a point of entry in the wellbore uphole (from a
high-pressure region to a low-pressure region). If the kick 1s allowed to reach the
surface, drilling fluid, well tools, and other drilling structures may be blown out of
the wellbore. Such “blowouts” may result in catastrophic destruction of the driliing
equipment (including, for example, the drilling rig) and substantial injury or death of

rig personnel.

[0004] Becanse of the risk of blowouts, devices known as blowout preventers
(“BOPs”) are installed above the wellhead at the surface or on the sea floor in deep
water drilling arrangements to effectively seal a wellbore until active measures can
be taken to control the kick. BOPs may be activated so that kicks are adequately
controlled and “circulated out” of the system. There are several types of BOPS, the

most common of which are annular blowout preventers and ram-type blowout

!



preveriters. Fromthis point further, ramtype bl owout preventers will be
di scussed in nore detail [0005] Referring to Figure 1, an exanple of a
ramtype BOP 100 is shown. Ramtype BOP 100 typically includes a body 102
and at | east two oppositely disposed bonnets 104. Bonnets 104 may be

secured to body 102 with, for exanple, bol tg and/or a hi mpso that bonnet
104 may be ripwsEss- Boohihas peish AFther, Tamriype Blqwraf preveess q Hses¥dre 1,

bonnet s 104 ; Ogget?ffcured to body 102 using radial |ock nechanism 106 to
enabl-e bonnéts& 1 0 slide and rotate when necessary for maintenance.

[ 0006] ed wi .t hin each. bonpet 104 s i ston t uat. ram .

Typi ca[EB@gllgr ans ﬁlfgj%m&gé{’ EigPFFeﬂ a&eﬁgmgie q}fgzrr%gbtpge %@%e@érg}gm W c#?‘ﬁmgn
activated, BRGR nd 2Aiat leRitnRodpPotcvEibpostdbbinetso seal
t he wel | bor remgt%te}g;[ rang%mﬂﬁ%ﬁ%m%dg# acti \?at ed, F'm@\?g tg%ﬁgﬁ%ﬁe ande

physi cal |y slféarBempgtsdt(4 iy he szaeed o ey 1080vihifar exmanplel hdsrad/%® bl i nd
rams whi ch, shvi\gg?eg gﬁ%tl_ b‘é%%&@f&@%’;ﬁg%?%@o%é% ﬁ%ﬂte&&?&? t%@g?a%%ﬂ o tﬁwwﬁen no

drillpipe i I"0cat ed opposi each ot her al ong
an axis 112 janfoiBY , 5edletsA0R RSy berecied tBsdyI (s eadixl deoktmechahisea
wel | bore 110. re discussion of ramtype bl owout preyenters and

hi gh- pr essurl@éde gnabls konmets\li0dda slide apdgotateheh nepessayy onmamigniace. o 47
patent"), issued to Berekenhoff, assigned to the assignee of the present

i nvent[0006] and iMeapgbwithiackatiebainet b4 sef Esteneetuitad rans 1 &ht Tyrieally, [9007] As
with any tool used . in drilling.oil and s.wells, Dbl t ey must
be seal od ankSSEGHHSPIEG OB BVEIIE DSUBHT FalThaEh 46 R LE S et I

envi ronnent gad.pe Hﬁﬁﬁ?@ land o v X AR 8, seaP et WElEhoBRORS edTBYIms Nehidilewhen

hi gh- pressure seal s between the bonnets and the body of the BOP to prevent

| eakage of fdctivated, movertamypeigesindmbysicalishehent gty drellpira gnd/qg apgllstoglsdn the

el astoneric seals and, .shoul d be.checked r r t L dihald hie

el ast oneri c EIHIEhet BFifa iAot lék%e‘ﬁﬁ%nutafg%g%daﬁa%%‘ﬁet F)y%g%%grarn@d?itots)r

det eri or at edy8¥bord Ghe X8 MRlIGipetis Predhic akahie 208 ngiy bai lobatbd epplrsitk loif mae!f | ui d
in the wellbore. [0008] Referring nowto Figure 2 (taken fromthe '247

patent), an @hemalore of axs ldmhandyipey seab agpinst ¢18 WEEET BIRIPRCH XU F ace
seal carrier 2 1 e 3 ] s o seal
carrier 202 ‘?rélpnéllr esg%)[z‘egh?rg%%Mérg%%l@g%ﬁﬁpoe}%‘ﬁ?ﬁp%gﬁﬁ% a%%%iga}g%ﬁ%ugii S
112. Face seghisC& rgrevid@D3ni ACE.uUdesert W6,564,247 offtre ¢247 rpatept§ealbsed08 208

And A D s N ol Sced to the asdgneeof e presét rocation Jandl frcorporated

herein by reference in its entirety.

[0007] As with any tool used in drilling oil and gas wells, blowout preventers must be
sealed and secured to prevent potential hazard to the surrounding environment and
personnel. For example, ram-iype BOPs may include high-pressure seals between
the bonnets and the body of the BOP to prevent leakage of fluids. In many
instances, the high-pressure seals are elastomeric seals and should be checked
regularly to ensure that the elastomeric corponents have not been cut, permanently

deformed, or deteriorated by, for example, a chemical reaction with the drilling fluid

in the wellbore.

[0008] Referring now to Figure 2 (teken from the ‘247 patent), an example of a ram-
type BOP 200 includes a high-pressure face seal carrier 202 to seal between 2
bonnet 104 and a body 102. Face seal camer 202 is diéposed in a groove 204
formed in bonnet 104 about axis 112. Face seal carrier 202 includes two elastomneric

o-ring seals 206, 208 and a biasing mechanism 210. O-ring seals 206, 208 sealingly
' 2



engage surfaces of body 102 and bonnet 104, whil e biasing nechani sm 210
bi ases face seal carrier 202 from bonnet 104 towards body 102. One concern
with a seal of this type is that in a BOP, the bonnet and the body of the
BOP may need to be larger to accommpdate a face seal. For exanple, face

| i 202 i t ai d withi f - e 212 of. b t. 104 t
Seal agal Nty OAOGY:IL8 A BB G, Y I04 PESE TEaTRUEB IR N Body
102) to be %ﬂisgﬁllcén‘l;?ﬁ@f otrrplﬁcgrﬁx%ﬁwh tfo%ﬁlsq)%ﬁir 1@?.5©ﬁplcélnc%gﬂwltﬁﬁ@eﬂ&)}f be

[

necessary for ara seal. Furthernore, face seals may be nore
suscept i bl ethiptypeliothat wfa BOR| thervoegstiahy theFfxdy e drepB @ mdyareed éabs liggdicr oss

i nperfections and defects (e.q.,. scratcghes, gouges asions) .i.n..seal
sur f aces, f&éé“cé‘g‘éql%daﬁaif%ﬁ Sﬁ%r &5 §& 1%?%%3@%%&?%’5%&%5%5\@&?%% seal .

[ 0009] Ref er i HRHNRt § toa&aﬁé%ﬁmltﬁ 1601 THisabgisRaboseR 108 shown
schemat i cal F@&%Eﬁg%}ér%&?)é;ﬂ IS taﬁ@n fromU. S. {I)D&a)j{ ent 3, 887(:',l 198 (issued to

MeCl ure et gndamdresprodingoratyetD2héo be madiaily lefasr enveain fadetsgaleaspemldy P4 As

shown, radial seal 302 is disposed,.i,nh a,grooye 306 of d

seal s hetwe nsWéYtbeSI@ﬁ‘r’e%?ﬁ’éf"% o Talel seals I%eﬁﬁerﬁ’t %Fg%te%?%%é hggz}% ear ance
310 bet veen ;5hafdnd0h anthshosy s3518 itBirdygr Gy eediiple, Fuiicl $eating eacsosander
hi gh pressure and thrusts radial seal 302 to sealingly engage w tgarcgnot her

Y.

cl earance 3imptréwticenamhdéfiecsddganaratsbay 2908es, SPRFPED|H) SCHlrFULRETh
schemati c exanpl e shown in Figure ;3 r.adi | 302 may further
include a r#® ﬂg?81(’@?1%1{?19%‘3%#%%&3@%E)%léia%%ysg{‘her%g ial seal 302 between
body 308 and shaft 304. Figure 3B s taken from.U. S.,. Pat ,.970. 321
(i s_suéﬁOQ% Dec h&¢&Tias any i%i’l d?&&r%‘geﬁn I"F'é(ta@ip[? glﬁ; aréafdéarleﬁ?gggpﬁ IF {3oWD
entirety). ébtfe?r&%&lfy.Vwig&etj]@&era&%&pﬁémqj.sspﬁbﬁt@%@@%r(msﬁ@ﬁo NiEOughet may

i

relate to the inabilityto seal at |ow pressures. For exanple, under |ow
pressure, ratisad imeglorde®hemin oteférane in g gaticet) uids sEows, tefiebsaat 30%1sand

th t di al . 302 int | t, With
[ 0010] Ret er AHREFAIN ARG EoL T THERERER e Sof 302 A8 ritEaos
including aqadiflr sfak HtRfiechSa shamice RadirtwaaahaA084 sndbs@o3ed into a

groove 406 fornmed in a bonnet 404 about axis 112. Retainer 407 is_used to
retain radi @ocveal0s40F uif thiantegy soder bigh. prrssaTeapnd dupsta gadige 814 3Het Reen

bonnet 404 and. a, body 402.. As ial 4 i S hol e
rings 410 t K% mﬁ]a?’y%%&?i‘ﬁ@s@f’ﬁ% n@%aringgp%gr?&?g?n rggeg% glq:)hg%gil b%&%%
concern Wi t Iximagalin ag@her dcheinhts cxmade showghipFigamBR, a ity s&020Pmayex pand
about axis 112, while bonnet 404 remains rel atively di nepnsionall t abl e.
In such a cdweheighude 28814 FNAVBPIORG Wm_sé’fa?fﬁ@ 8! @f%ﬁ‘&‘f"ﬁf’é@’sem
bet ween bw%oé‘%%a"ﬂ‘%%pg?@getﬁé% . 35 Q0 L HLAC GOFOUN! Vatedte080 821 $isSued Reed

for a sealing asse sedl between surfaces under hi gh pressure
wi t hout sacmhécheiange srdincogparapd ittt beselermier it dwvepistyurie coSMVmRY OF

| NVENTI ON [ 0012] I n one aspect, embodi nents di scl osed herejn rel 0 an

appar at us E éhqs§151’@§@fée§1“%hasﬁ?1€§'§§r gmggk?'rem@f Beiﬁ%ﬁ?? gﬁlﬁgtélgghtro ese%géltglP%The

appar at us C%Féé&&rééés Fér Q%glﬁte, SRGAGRA priskiteNradiab 068 38b Gigy Adt Haxe snowghr adi al
0 on

seal groove“located In of the bonnet and the bore wherein the radial
seal groove flubdn¥ its qeemunzalizalt thaist radial a4l oHYi injeli ssalinanvgngageast aideal
assenbly dis osed-'{wzthe radi al groove. The seal assenbly conprises a
radi al - seal © aF‘&?:é, -an axi al seal surface, a vent surface, an axial

prel oad surface, and a backup ring ad&lacent io t he | OngiBtCﬁQi @@l | I6 and
at | ed¥81¢ar t i alRoferionaet tedigHe 4s 8Bt <EaHy eyof EN-BR POt FCBRSE t he
vent surface ang #é&fz;é@%'s%wﬁ?%iﬁdﬂi”éﬁ%ﬁ% ﬁisg@sféa% L erdfvRl408d8 e at
| east a portion o he” axial "pre oag surface and the "axi al seal surface
are axi al | y vphedtomdethout axis 112. Retainer 407 is used to retain radial seal 408 within
groove 406. Radial seal 408 seals between bonnet 404 and a body 40Z. As shown,
radial seal 408 includes mulfiple rings 410 that may provide structural support for
radial sea) 40%. A concemn with radial seals is that under high pressure, body 462

may expand about axis 112, while bonnet 404 remains relatively dimensionally

L



[ 0013] I n anot her aspect, enbodi nents di sclosed herein relate to a seal
assenbly disposed within a radial seal groove to sealingly engage a bonnet
within a bore. The seal assenbly conprises a radial seal surface, an axial
seal surface, a vent surface, an axial preload surface, a backup ring at

| east partially bonded adjacent to the axial seal surface, and at | east

one vent t o stableowln enehunicoadition. mslialessnl 40% - prtdesehle to Giscardy ofd vent
surface. Th adi al ,s sy f ac al i ngly engages agai nst the bore and
t he axi al sg’gfwe&]%Pg%gaﬂs%%(}ﬁ]&ﬁ?@ﬁgages agai nst a | ongi tudi nal wall of

the radjal seal groove. Further, the seal assenbly is thrust rds the
| ongi 1081 Hal walAccaminginalpers 65 ?zﬂﬁf’gltl peabipst aseeTraly 19 S L%\%%?egove

when pr essureh iAol SRR G QRHBBRE Sweal 0 LldohiRROBIRE 1BRDEC

enbodi nent s di scl ose nrelate to a seal "assenbly di sposed within a
radi al seal pgessam¢e to sealingly engage a bonnet within a bore. The seal
assenbly conprises a seal carrier, a radial seal surface, an axial seal

surface, a vent surface, i r , a sealing el enent
di sposed On the radi al sgﬁm%ﬁmﬁﬁéﬁﬁg el enent di sposed on the
axi al seal surface. The sealing elenent disposed on the radial seal

sur f ag@0EZal i ngliy oangages empadinenist discldned hemndrddie tsmnippanie] oneviate a

di sposed on_the axial seal surface sealingly.engages, against a
| ongi t udi nalM&RaPTEsyFe TP FaRl %ﬁ”‘%‘é‘éqssﬁfi&‘i’g‘é. I%gra[p%@]a:custcf?girgﬂégef abomntloly i s
thrust towargs,dhe, ARG bodl Ashe W' dxi@NArAMR ekl G0 de TRdied! inVeild oPthet he

radi al seal ggoove when pressure in a high-pressure zone increases.
[ 0015] Ot her baspecing thabomdwherehgths refial el ignaetdoomwpriged ¢ risBalapphread from

the foll ow descrj pti,on and the a nded clains. BRI EF DESCR I OF
Do nGs_ [ oodenge) S Rad B sl SRRy Fofel bR BRL B TR,
bl owout pr.e\é§§éhﬁ:l1¥ MBI R SETR s3all SurfAc MSSidehl QRfke Vi O¥nofurficgranor art

hi gh- pressure seal carrier disposed between a bonnet and a BOP body of a
ramtype bl ewislprelnadserfacs and a backup ring adjacent io the longitudinal wall and at l¢ast

partially bonded to the seal assembly. At least a portion of the vent surface and the
radial seal surface are radially preloaded, and at least a pottion of the axial preload

surface and the axial seal surface are axially preloaded.

[6013] In another aspect, embodiments disclosed herein relate to a seal assembly
disposed within a radial seal groove to sealingly engage a bonnet within a bore. The
seal assembly comprises a radial seal surface, an axial seal surface, a vent surface,
an axial preload surface, a backup ring at least partially bonded adjacent to the axial
seal surface, and at least one vent to allow communication between a high-pressure
zone and the vent surface. The radial seal surface sealingly engages against the bore
and the axial seal surface sealingly engages against a longitudinal wall of the radial
seal groove. Further, the seal assembly is thrust towards the longitudinal wall and
away from a radial wall of the radial seal groove ‘whcn pressure in a high-pressure

ZONE increases.

[0614] In another aspect, embodiments disclosed herein relate to a seal assembiy
disposed within a radial seal groove to sealingly engage a bonnet within a bore. The
sea) assembly comprises a seal carrier, a radial seal surface, an axial seal surface, a
vent surface, an axial preload surface, a sealing element disposed on the radial seal

surface, and a sealing element disposed on the axial seal surface. The sealing

4



[0018] Figure 3Ais a cross-sectional view of a prior art high-pressure
seal disposed in a groove about a shaft. [0019]Figure 3B is a
cross-sectional view of prior art high-pressure seal with a ring to seal
about a shaft. [0020]Figure 4 is a cross-sectional view of a prior art

seal disposed between a bonnet _and B bod f a ramtype bl owout
prevent er. [Cbpent Hdipasss o esragmgg SR 8 Y\?P%%%@géggég? %B’é%ﬂﬁbl y in

accordance ! b..a0, enbodi Ok of of MR RESS&A! sHiRE a8y chLA2hEIAYTL SB
IS a perspectl Ve VPew o t?@e%@ Iglsseng}f]ly %ral gccoréancegﬁyvm t%%an %n‘nodi ment
of Ithe pr esantginidial ealir ef tHe0R2R] Begugmote.i Fuather, dbs sedctsbamidy iwitbwsiof a
oy i ; . \ :
Z(rargod?fri'ﬁt 6%/\:‘;@1{4;%%8]2%@,&?{" ndigﬁlgxgaﬂt@alﬁ%g% frgzrnoa? Yadial Wa C(%Q[{lg 2L s\émaltggﬂdavne
when pressure in a high-pressure zone increases.

[0015] Other aspects and advantages of the invention will be apparent from the

following description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

10016} Figure 1 is a perspective view of a prior art ram-type blowout preventer.

[0017] Figure 2 is a cross-sectional view of a prior art high-pressure seal carrier

disposed between a bonnet and a BOP body of a ram-type blowout preventer.

- [0018] Figure 3A is a cross-sectional view of a prior art high-pressure seal disposed

in a groove about a shaft.

[0019] Figure 3B is a cross-sectional view of prior art high-pressure seal with a ring

to seal about a shaft.

[0020] Figure 4 is a cross-sectional view of a prior art seal disposed between a bonnet

and a BOP body of a ram-type biowout preventer.

[0621] Figuré 5A is a cross-sectional view of a seal assembly in accordance with an

embodiment of the present disclosure.

[0022] Figure 5B is a perspective view of a seal assembly in accordance with an

embodiment of the present disclosure.

[0023] Figure 6 is a cross-sectional view of a seal assembly disposed in a radial seal

groove in accordance with an embodiment of the present disclosure.

[6024) Figare 7 1s a cross-sectional view of a seal assembly disposed in a radial seal

groove in accordance with an embodiment of the present disclosure.

{0025] Figure 8 is a cross-sectional view of a seal assembly disposed in a radial seal
groove under low-pressure in accordance with an embodiment of the present

disclosure.
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[0024] Figure 7 is a cross-sectional view of a seal assenbly disposed in a
radi al seal groove in accordance with an enbodi ment of the present

di scl osure. [0025]Figure 8 is a cross-sectional view of a seal assembly
dlms)pgjsed in ? radi al seal groove under |ow pressure in accordance with an
enbodi mrent of the present disclosure. [0026]Figure 9 is a, cross-sectional
vi ew §0026]seal &imwebliy adireBeseipnahvigwr ﬁﬂal asamblyr epnsed e Fadial seal

hi gh-pressure in accordance with _a ' t . of - S ' sure.
T00275F gur &% SP aEESFotlet MondieofRR GREL, of i MBERCF o AT T O
radi al seal JgceRM@. in accordance with an enbodi ment of the present

di scl osure. [0028] Figure 11 is a cross-sectional view of a seal assenbly

in ?‘C‘i&éi’ﬂnce Wﬁ@n@@ﬂ%@ﬁﬂisg—@ 10fh1 :88 0P h 888 RkscHivtE HRBANES in h PRRA]sEIIQUr e
12 is'a cross-séctional view of a seal assenbly disposed in a radial seal
groove in accordance with an embodiment of the present disclosure.

[0023] Figure 11 is a cross-sectional view of a seal assembly in accordance with an

embodiment of the present disclosure.

[0029] Figure 12 is a cross-sectional view of a seal assembly disposed in a radial seal

groove in accordance with an embodiment of the present disclosure.

[0G30] Figure 13 is a cross-sectional view of a seal assembly disposed in a radial seal

groove in accordance with an embodiment of the present disclosure.

[0031] Figure 14 is a cross-sectional view of a seal assembly in accordance with an

embodiment of the present disclosure.

10032} Figure 15 is a cross-sectional view of a seal assembly disposed in a radial seal

groove in accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0033] In one aspect, embodiments disclosed herein provide for an apparatus to seal
between high-pressure and low-pressure zones. In another aspect, embodiments
disclosed herein provide for an apparatus to seal between a bonnet and a bore of a
ram-type blowout preventer. Further, in another aspect, embodiments disciosed
herein provide a sealing apparatus to seal between a bonnet and a bore of a ram-type

blowout preventer under both high pressure and low pressure.

[0034] Referring now to Figures 5A and 5B, a secal assembly 500 in accordance with
an embodiment of the present disclosure is shown. Figure 5A shows a cross section
of the entire seal assembly 500 shown in Figure 5B. In Figure 5B, seal assembiy 1s
depicted as having an oval shape, as may be used about a bonnet of a ram-type
blowout preventer, but those having ordinary skill in the art will appreciate that the
present invention is not limited to any particular shape. For example, in another

embodiment, the seal assembly may be of a circular shape.



groove in accordance with an enbodi nent of the present disclosure.

[0030] Figure 13 is a cross-sectional view of a seal assenbly disposed in a
radi al seal groove in accordance with an enbodi ment of the present

di scl osure. [0031]Figure 14 is a cross-sectional view of a seal assenbly

I n accordance with an enbodi nent. of the pre dj.scl , [ 003 '

15 i s [80%oss- seutsugharalasesmiy 540 ‘Fdeég%quﬁgéy gb‘i%&@ﬁﬂ%‘ﬁ“gaﬂfﬁ%ﬁi#tgg (ragl
groove in a | oD Ol ; | 1
BETA LED DEU EARERY Phbe oot TR Bb e RS oo L B e, |
provi de for 580 napitartandsd tooscabadselnByGO8N Altegietivelys suarethen émbotkpnbglur e

zones. I n anqgther aspéct, enhodi nents discl os rein ovide.for.
appar at us t @f§é‘éT“Pt}€i8/\%%mé%ﬂWg‘gei\Fﬂjse§§ %F@gg'f g@ ?%;ﬁaﬁ){}ssg giimg\'ﬁglrﬂn%n
preventer. %F%‘Iﬁ?he bR el hel 2ash8h! soesban ABMskndivaGh afedt, hededifg,
provi de a sealing apparatus to seal "between a bonnet and a bore of a

{ 88?3 t4 ]ypef bl dabust lpniadeot by adimden dyoulvahizgiorp sk essemblyd M0dwrtherdseludas.
Referring pow to_.Figures 5A and 5B, a_seal. assenbl 00 4 .
accor dance \ﬁirﬁ%ﬂg‘ﬂ?ﬁbﬂﬂ@&fi At arbim,?ﬁqga ‘?ué%‘%%tsg ias‘(’:eingg aece?lséés%'(#v\%. aJS'IJ—‘ﬂingure
5A shows a Grasst $&8ide0dN20f 1f e aptidiamERAVerSHeRbE 15 0Ras hewaei 0 vEdtgur e
5B, In Figure 5B, seal assenbly is depicted as having an oval shape, as

may be used satfoest relichgionee Sof. dn ranpthey pabedimepexist eTRlendeTariape P 11 ASe
havi ng ordinary.skill...in the art w.J. egijat t '
i nvention i émﬂ%‘ﬂe i ?ﬁl?léﬁeltosggﬁr;ﬁacﬁéfﬁl%fﬁﬁﬁe %r?gpe. drseﬁe]%%rﬂg)likg?%p?\néaﬁ’ot her
enbodi ment, chi@ris®ahy aasRRtsic MAMtels Biovan i rhellaar (shapebber, elastomers).
Furthermore, backup ring 502 may comprise any metallic material known in the art
(e.g., steel, titanium), in addition to any thermoplastic or thermoset resin and

material reinforcement known in the art (e.g., epoxy with carbon fiber or fiber
glass). |

[0036] Referring now to Figure 6, a cross-sectional of seal assembly 500 disposed
| between a bore 604 and a bomnet 602 in accordance with an embodiment of the
present disclosure is shown. As shown, bonnet 602 engages bore 604 about an axis

600 such that seal assembly 500 sealingly engages bore 604 to isolate a high-
pressure zone 605 from a low-pressure zone 606. While embodiments of the present
disclosure are described herein in terms of their applicability to a BOP apparatus,
those having ordinary skill in the art will appreciate that the present invention may

be used in any pressure seal application. As such, the terms “bonnet”™ and “bore” are

used generically and should not be limited to a blowout preventer application.
Therefore, the term “bonnet” may be used to describe & male member and the term
“bore” may be used to describe a female member in a male-to-femnale seat

application.

[0037] As shown, seal assembly 500 is disposed in a rabbeted radial seal groove 608
of bonnet 602. Radial seal groove 608 includes a longitudinal wall 609 and a radial
wall 610. As used hersin, the term “groove” is used generically to define any
channel, rabbet, step, or offset that may allow the seal assembly to be disposed.
within. In one embodiment, seal assembly 500 may be retained within radial seal

sroove 608 by a sea] retainer 607. Seal retainer 607 may be removably secured to
7



[ 0035] As such, seal assenbly 500 includes a seal body 504 with a backup
ring 502 at |east partially bonded thereto. In one enbodinent, only a
portion of backup ring 502 nay be bonded to seal assenbly 500.

Al ternatively, in another enbodinent, all of backup ring 502 may be bonded

hosonbl y BOBOEAP! ARG biclah SaRier? Polb o St i Wlawiers  Tmoet SHagAmeRt foa ¢ o
by adhesi Onh@éi— LHAN&at .l(znmaf%%lus%%?@ﬁb% 289 b WwokheinitAe hnd ®stwechadi al

seal surface an axl al seal surface 508, a vent surface 510, and an
axi al pr el ohighspredsamezdGtX05 mdovet ewrfivdi STl seyieassenably 586 Fnthendel-ncl ude
a vent surface relief_ groove 514_.1n anothgr..enbhadi I l,gad
surface 512 PSSP YR RAY SUPRlY Mighaptgss resﬁ?]figcge\/%gfe |e%e 6%5%00%?13

Fur t her, Se@i'fp?e%aﬂg‘ef YeaPOQeABY SUUHhiaSSharembddaes] astdhcprenterdatatesown in
the art (e.g., rubber, elastoners). Furthernore, backup ring_502 may
conpri se anylfendhb low-pressene deardnee fho mevthedselpied by sgal assqoady 509 Hagti-un) |

in addition _to any.ther astic i [ FE8).: teri

rei nf or ceneﬁfesﬁ'ﬁ&ﬂ?afaﬁcgﬁg Y ?38%.t¥19§%g%ﬁu{%ﬁ%lgr@gﬁ h@‘b% %ésge 1 ber
gl ass). [ 0036} Refanr prébad QWi kiighurso, 5i& Gf mesensadiscdrmbendily $6@l As
assenbly 500 di sposed between a bore 604 and a bonpet_602 i.n accordance

with an enbebwem Figure fe apiekswh Ui 5st w2] assemlinS C0asealipglyFoeheiinet
602 engages _bor [ _ Lani 58@ace

seal ingly -e%g%‘é%%‘?‘g%’%“gﬁ%g%aﬁg U?)ségfﬁgt@d 29%21? I gﬁygragsgglﬂar?gﬁag{%%' froma

| oW pr essur a0g eNscab@Bemihi 369 wnaloddy negepes afainshe spimsenBON buk 684re are
described herein in terns of their applicability to.a BOP apparatus, those
havi n?{)@jzﬂl nary pekidihe i dbvt N6 BiklreWr| b @PRLREHALE JibAatoft hal peestidy 500

i nvention may be used in any pressure seal application. As such, the terns
"bonnet" andispbeaddtetuea hramat oEvnd BGP boreiY 18 mscardanss vilean siphaddgesty o

bl owout preventer application. .There t 5 ta: sed to
describe a r?gﬁba %??Bgﬁlsglﬁﬁmf? f’lse,\S]}O}e&rSl i A%%hﬁﬂgvn, Egﬁ%g%m&éﬁgﬁq]% GPRh gh%
femal e menberydifl @alBloevé 60¢ 6fbbmes6@l. HppkiaathosnhaiDdd]ndsy stibwmiheseal

assenbly 500 is_disposed in a _rabbeted radial seal gr oove 6 8.0% ba&yet
602. Radi al ageusill gosesiate dos emperimaats of e MGFERUIMYEIISRATF P8 EM4RY 2 Madi al

wal | 610. ed_herein,. L a0 " A Ld08ReECRLYbIY enHef | ne
any channeﬁ,%a#%bs%%lté Oﬁg{’%‘ipl,sé%r%dggﬁnetthgtb%g%{ﬁné%}&éﬁow}?he seal ass%nb?ﬁi to
be di sposed beididpored withione ratidicdiingrodve sichk BREbnis yREBOdlpesy ahehovwar @i ned

within radial seal, groove 608 by .a seal retainer 607.. Seal..r iner 607
may be renof%%“?%’é‘cﬂl?@ooﬁ%seabb%ﬁ’é?r (8'6'2_6839/,0?#: o k™ E%F‘gg,ea}éjzboﬁf@pggmshom
in Figure 660k, A0t heta fITRAL BAL ass@nily BUOPERS S Borkn 605 hdd IBOP beraused

to allow fluid t%ncom"runl cate and between hi gh-pressure zone 605 and_ vent
surface 510668 Fbad, tassdwbing osdioaryElilt indhe ah g appregisigrtbatvarhodignents ey

suppl y hi gh-pr essure fluid to vent sprface reldol oronye 8.1 horcesent)

of seal assd&fbPySEHAY gh-pressuré cl earance 614

and a | ow pressiyl£b&hess HRoRnfdGmaay. Boritsal.at ed by seal assenbly 500.
Hi gh-pressure cl earance 614 may supply the high-pressure fluid from

hi gh- ure zone . axi al i & Bsstitd
pr esei{'@f sea%a%lg g‘%ﬁ%gl IQSB%SSAEQ ?ﬁ%\%ﬂﬁéﬁf%ﬁ%&%@g ﬁgg ?ﬂ;o?@‘gggg?&s uS rface
508 of seal zaps@0bliy DRAnsEeadit nglly vergagiase agail nstoteohlyt audlianial prdddd 609

of radial seal groove 608. Sim.larly, dj eal. surface 506 qf, .seal

mr‘ L % Egr g(ﬁi ificatl ng acg ~10may
assenbl y 506uHen PHE §rostyalRs! sghpiven F SR P B b SFEE 04!
L003BIRef e IhdgB0W ifn lkeUse ont 18K 08SAIRAE HulNdlon b EsseRAorRSSHDI ¥

500 di spose& tween net 602 and BOP bore 604 in accordance wWith an
enbodi nent ebrrhmiqtesatit reiccgroswr &1 sthah@hnhighgressownclezaade a55edisl y 500

is disposed wi_ithjn radi.al seal groove ,608 of bonngt 2, t hose
ot ng. or dn MEGes RTIce 312 e SPPolet F TagiRPieriae ST R TR e e
present i nv%ﬁ%ﬁ@{égﬁ?@z&% 603 BhhRdnicpiet i FaR atoseal1 4gheaye hispesat:

wi thin the bo Alternatively, the seal assenbly may be di sposed w thin
a radi al sealeagmoo\id4of Thie BOR hories oREguvdskedgn the ashwith appredptguiiat 7, in

pl ace of a seal .retainer, (e.qg. 07 of Figure T 7 : bore
604 may be ﬁg&’&d%fmﬁ%figﬂ? E%eg?ﬂtacgic %}@mgg mﬁ%%\%gﬁr’f’hb%%%g{e g%%q{é%ﬁg%@
bore 604. TRiithin HROSBRRAME REWE & PRy SkirlHoré Bf (HRB@EF torwhdyl havp piickishi e

t hat enbodi ments of the present invegtion are not limted to the use of a
seal retainer to retain the seal assénbly between the bonnet and the BOP
bore. [0039] As shown, a high-pressure clearance 614 may allow fluid from
hi gh- pressure




zone 605 to comunicate wth vent surface relief groove 514 and axi al

prel oad surface relief groove 516 of seal assenbly 500. Specifically, vent
surface 510 nmay. conprise a high-pressure vent 612A to allow fluid from

hi gh- pressure zone 605 comuni cate with relief groove 514 through

hi gh- pressure cl earance 614, and preload surface 51 COoNpL.i

hi gh- pr essurPéﬂSWﬁtVﬂBlﬂEPﬁﬁdanW fheypenl rasssmatY dﬁ‘elg é%gsgf"é’nz’&n %
comuni cate r 44LRrQu Pk 14,
Thus, "t hose THaUPhdflse haylld g LT 60 B IPhgrscle, %%?Eeaﬁf&mﬁ
enbodi nent s uﬁxfenﬁhe ipmes eintitedl &choswmiser nely piessnes tvieptshag leigor esitured witht

di sposed within the bonnet (as shown in Figure 6) or bore of the BOP, or
may have thé*%ﬂ%ﬁ 8 pressure vent disposed within the seal assenbly
itself (as shown in Figure 7). Further, those having ordinary skill in the
art wif0040ippr eciRaferithadwt tocFignesir cmﬁwmtuilr@h viegy ﬁgﬁeﬂl mmﬁéy £80 an qunber

of pressure v as Iso i ndi ca t.h g £ 0040 f r now t o
Figure 8, aP E‘?ﬁ%@@d H’éﬁ’eﬂv %%%%ﬂé i %@geﬁ%’f& 67%106l |accc;rﬁ%thr§|\£od§%e state
bet ween bon'@:ﬁfbo@%ﬁﬂﬁ BePpResR ddodure Q@%ﬁ(ﬁ‘»dﬂ-nCSpwmdfhll@ln aermmdﬂnmﬁﬁl of
the present disclosure is shown Speci fi cal lééé as shown,

t

500, bonnet 26@mblaF@0BOPIRSr €02 anda P& e Rp6s age rexpassly &) ygﬁ%w?fbgé‘ﬁ’atl ng
pressure such th%Prrélé%ﬁ%g c@%ﬁ&rhgglggfcggﬁ%gﬁ A&@&%Ad‘i\ﬁ’{y%@%ﬁ%&e&%ﬁ%f ance

616 may be SRER Tow operating pressures, seal

assenbly 50616 smeppabirealDior C@iili}:ﬂd:tﬂll},fn@ioidde Mndedéowrwmxrghpxpsmwrsealzone_
605 wi t hout radi al expansion of BOP body about 3])_0 s .600. Under sug%ﬁl ow

operating praé%?mli?ﬂiééﬂosléeﬂapa@%‘?fb‘ﬁ%ﬂ@ﬁmgs@ﬁl He# JREEErSHALASAC BRnet
092 and BOP Jale At ekfg;#aldnsgé | BbPhd) I%Bmpéﬁgsmemaefes&%ﬁo&w&anng

| ow- pressure zone Is in a preload state such
that seal agsasirky séﬂ(hssanmbfmlsealﬁﬂgw d@afgem’eatwm hbmet £02 ahd S bareoove

608. SpeC|f|caIIy,_ stlcall dlnthe relo eal
Sssenbly. 5060Rst ispRse BtSaretrs He b h ey rdae uBeone ags 1 sl 5 1,
of seal assg JF%O Radi g ﬁ‘ﬁb suef AR B0 shRsasderIg! o6 if QlLa

exerted by t e surface of B bore 604 in the direction of vent surface

510. Axial sefirmsd mihierad shdglaowrfélgoa‘"dleﬁléim]é‘f sphemadastist bgefpomsl ®udi nal

brel oad for 4 BSNE art aorhy s R b OWH 500 S5 s G B Sabe ™ ¢
the directigapragi A §erhl SMEHBEESFB06R adhd dedli smahé 06 axd abrdsad foss Sur f ace
512 has a preload force 54 exerted by seal retainer 607 in the di rection

of axial seakertekiake sgace qfoB@EM@ﬁU‘bua@ﬁuder&th ofeyst sdprse i il ouded
State 2t | oW APSrall 3 LSS R fHLCE, Gromves, Midbindd) Gl gesetla My

provi de rel i or sea asse cause sea asse 500 nay be
vol unet ri caldirgcti@séfiprébatistien saanwm«mmﬂfm B m hasrzameajad sf@ab Sg mawd %08
under Iom1operat|n?ﬁ?ressures rellef oo

14, 51
of excess vaéndigewall BlQ cAITRERl P BHROY rllna (SIFTEE%%H ra%éarsrgyﬁﬁlloim%@%%p 619 : g\r/]vS
when el asti cgidyy, r%ﬁ%ioég@d rdi QA &l %@tmr had B HERBA eﬂg%dS{T%ﬂ&%ed Bacdsip ring

502 of seal "asse y provi structural support for seal assenbly
500. For exasmpine; 6G¥sinsiodinedtion Bif gxinksed] sisfat S8&senbly 500 may el astically
def orm under | ow operating pressure 9

10041} When elastically deformed in a preloaded state at low operating pressure,
relief grooves 514, 516 (if present) may provide relief for seal assembly 500.
Because seal assembly 500 may be volumetrically restricted when comntained within
radial seal groove 608 under low operating pressures, relief grooves 514, 516 may
provide regions of excess volume, thus allowing the material of seal assembly 500 to

flow when elastically deformed.

10642] " Further, in some embodiments, backup ring 502 of seal assembly 500 may
provide structural support for seal assembly 500. For example, as shown i

Figure 8, seal assembly 500 may el%stically deform under low operating pressure



when restricted within radial seal groove 608. To prevent the material of
seal assenbly 500 fromdisplacing into | ow pressur'e clearance 616, backup
ring 502 nmay be positioned adjacent to |ongitudinal wall 609 to support

t he body of seal assenbly 500. Preferably, backup ring 502 may be
conprised of a |ower nodulus of elasticity material than bore, Oog of  BOP
body. Addi t ivkral Topiricted whbwmnradivd ciealpgiookg 6882 haPravenhdie &ty i9% B! about

2:1 to maxinm ze .ni ghdi i L1 LN 7] i ver,
those havi ng> stk ard ik AReolRE R S biRr O LisBa AT, il Sng oo e
enbodi ment s wfpdsftiened afadht iovagitidimal aradl G00tto lsippdredie bodpofemal bssainbly si ze,
shape, or configuration of the backup ring. For exanple, ip another,

enbodi nent , We%ﬁéﬂé@ﬁs backyp g K98 BAHRsAEIIsed Bg%?ot"f?étmocdﬂg"sé’rél&t%%@?enbl y
has the bac . ] I il I j ead
of a conti nﬁ%ﬁgﬁérlﬁgagna!é()&g%g%%# %}gﬂ}ig??fe%{(}&g? n%hétagg%%gs%e I y."??lz g%f:h an
enbodi nent, ekt ediondrabbwis1 of ntakenize clgidityrand ondipg beaavitibrmminatting t h

portions of an el astonmer_to enable the backu i ng_ to.,radiall xpand and

conpress as S#?éceM?T:ﬁh%ﬁepB?Y‘F%rfg&’é‘fr}i %ﬂhbﬁcﬁﬁpgﬁii i ﬁme?ﬁ% %‘8{) %ns of

the el ast On%lk{ﬁﬁﬁnér]@ &f Jch@'r?gies%ﬁt HQ%EHH(WI bl 1@'@?111%@&8%?13%@11{& Sy skdpeOdt for a
sea 0

nmore economi ca assenbly t e manufactured, with el astoner
subst it ut ed donfiguretiad of e bechgrtingl Por eiampde, df andtberparbadimeitndic tegeumer |

i n anot her epbodi nent, the, back ri may be roll r4 S0 | it
may al so radi® W%%ﬁ_ﬁ‘e F‘Fg’ EB#%F@%SQQ%@ e@@%@@?’&%%g{aj%ffﬁg?g? iarllg ow to
Figure 9, a £1.088- 58644088 h ke Rberfd! indese 8!y coludis pRgesgohrl veen
bonnet 602 and BOP bore 604 in accordance with an enbodi nent of the

present di scingmiy ofithe serbvasserniiyFi Jupechoan sevpdisess nisisptasopertipeh gethes02,

and bore 604 of BOP body are e : -relativ i |

pressure. Azst’ agkqpelél% f“aé’%%et ﬂgmé%g@ gvtefé(iatoiS Ogtﬁélr%a [ Ar?ga%)%{%lglé%%e%&%g{hgg% §ku§)x pands
or swel|'s i i 2eadbiopbxpni 3n8Q0mpLeh at hadeshiey. eThOdominys efifhabgekuprring ze.
For exanple, in a 15,000 psi_ (103,400 kPa) rated BQOP bod%{?ﬁégegjg{%nci ng
pressures i rndteerations Pheegsigaier meynigrock@ahondgrithes 1 eSTiRY as
required for . khe [ r [ B3R ecaismbedy
have been ob%@%vgdg T2 |éleﬁ(?/&enggglng%aﬁéggoe\b{ebﬁ&:)HSBSmimtrllﬁ(g%. 2033@‘8'!;}71)‘.3 As BOP
bore 604 i naubaiesd ifor siez fohicdvial pasione of lheabairge rigg4 Famdet, dncapobssur e
cl earance 616 may increase in size conpared.to .those shown in Figure 8.
Simlarly, tHoginets thgdaghiR MEEIP2Y gaiaa’r‘ﬁ‘?éa?ﬂma% 88%“6]8?%5'5? ﬁ%ﬁ%lg‘/se in
si ze conpar nﬁ,lp& i Lgure 8. 10044]In Figure 9, fluids from
t he hi gh-pr g‘%@%@e&@?ﬁe GO%gpgceg%olg to enter radial seal groove 608.

Speci f y, flyids enter .th h 4hi . gh- pr | upon
reli ef-[bg?%i)ve nge S axia %r%’%ﬁlged str g@%?%ﬁgﬁagn e%ﬁﬁggga?h%%ﬁgﬁﬁ 34

hi gh- pr essurg@speest bdiweert ot 60Pa BOP efe §iddvecaidnal wileat esibodiawet 510.

The pressures of fluids acting upon surfaces 512, SJBA} rﬁ It in ressure
resul tant foifdes pregast disglosrans skarvn alsEimpre”. 568 BRbly R @g:{(glngte%ﬂ%, g%cgenbl y
500 t d ' | ' 8.

owar rb%géé @‘%)40(?@@&8}8 }'ﬂg_{/ Q%gigéggﬁfﬁqeﬂﬁ Lal h?g%?ér%je%iﬁ&%?@ssﬁ@ As a result

Furt her nore, i ncreases si ze, seal assenbly 500
may no | ongesf the elenatad ppehiing ecsssirat BOP Ty, caphiels arrsveells Gvsuperbaei #1gs

fi tiol h Fi. - | 00
Cl ot cal Iy C003HIEh e AR GURtErh oGt o5 EXGRP G T foPEPR AR A eal
groove, the 1&%2?133&} Béﬁdo&dmeexg‘éﬁ’e&%gepﬁegs&@saihiﬁgés\é dJrseloabest 187,900 kpay o

hi gh- pressure ow- pressure zones. In contrast, under relativel
operat i ng prfesgussyre fidsting s frequiradhier iyghe prreersuan & crohuma gstippe rihe &4IP

assenbly 50Q to sealjngly,engage the bopnet and the bo

10045] Ref or MBGERLPGTE BEFDO }"’eg a8 Sé%aé’ﬁﬁ’lgf"%ggg% L2 A%
an embodi mergopihdrbgoRr geRAkesdinS 61205 High-PressaROWRaraAse SNOWR BRBbreassenbl y
500 conprises nultiple conpounds. The nultiple conpounds may include a

| owdur onet erclewamye 66l MiayGacramss ia sieqiomnaragrte teasc sbemso ithHisyro% . Similarly,
Low- dur omret ef conmpound, 100 y,incl ude radi - rf xi al
sear surf acahsBRRE e NEnOr ETHh g e o g2t el RSB Efm Rl e
vent surfacenedfin Bigusd g.prel oad surface 512, and relief grooves 514, 516.
Thus, | ow duroneter conpound 1002 may seal ingly engage the surface of BOP
bore 604 and | ongitudinal wall 609 of radial seal groove 608, while

hi gh- duronet er conmpound 1004 may seal i ngly engage the surface of sea
retainer 607 and radial wall 610 of fadial seal groove 608. It should be
under st ood that those having ordinary skill in the art will appreciate
that the present invention is not limted to a specific configuration or
nunber of the nultiple conpounds for the seal assenbly. For exanple, in
anot her enbodi nent, the seal groove may include three or nore differing



accordance wth an enbodi nent of the present disclosure is shown.
Specifically, seal assenbly 500 is conprised of a single nmulti-duroneter
conmpound, wherein the duronmeter of seal assenbly 500 increases in the
direction D. Thus, the duroneter of seal assenbly 500 increases from

radi al seal surface 506 to vent surface 510 and from axi al seal surface
508 t d08ddlal pr endagive iy fluidefsmathe Bigherressure 7958 B0h axe abee Oreatsnardialsl | i n
the art will_appreciate that the. pre Lnvenid on | LdT] any
particul ar rﬁﬁ?ﬂ%—@ﬁr oﬁ%’%"ééqc%lé’rr@%diﬁa" I%E%r%%obl *’%glrlé’ﬂl g%?%?e g@?@*&%ﬁ?‘?g‘? ;dgtl ent.
[0047] Ref enpbRgel®Wrdore 58 W axibLprefoadrasEics B dndnaker thiewplohigh-sesthire
assenbly 500 havi ng bi asi ng nechani sns 1202 i n, accordance with rh i

embodi ment ofnt K {9rast upen thlisE Bt 817 o ¥pRIHITARSS ho ,PTS?S&EQSH’E uids
mechani sms 1202 are di S -2

cur T ace. 512 CHEEP L GBRRE T dRERURTh poRb PR oY a5

t owar ds | ongidanhnabo nat thréfdsaahaksambly J00onwaaididial wal surBi® 506 andgkial seal

groove 608. Those having ordinary skill i tg rb i || appreciate t}hat

the bi asi ng SAECHENPS REE nd{prbeTBReany bR‘f‘Fo@éﬂ“ P %pﬁ)e %‘m ”{CEf?ag%, PPFErge’ or

el ast omers). %ﬁnggb%n{ag%]oqgﬁ%e?%e%Q?&é@édeﬁ@ta@éﬂ PRt ShePn PicdSbRGating
3 y be se

mechani sns ected to result in a preferred anount of prel oad

for seal asgesdsiny BAAguRG6d83 Rafver ki Ajgunot teel Msgubly IB may beedastiedt i onal

vi ew of seal ass |y, 500 having a fabr.ic, rei.nforcenent 2 1 or dance
W th an embaERERE Rie NOVPEdeRHy e Cep s Bl Sl atioe 2 ch A B 1

rei nforcemenind 802 6%t AREH, £510M hadidlpre@ate SiAbAGRROR dc8eXMndlonted)
surface 508 of seal assenbly 500. Thus, in this enbodi nent, backup ring

502 is at | eader phtivelalhigh trondded rressingh ilvels fwnn therdgmpisssurapesct sroy
assenbly 500. .The fabrjc reinforcenent Lnforce the seal
assenbl y V\héﬁalsaésfln?hi‘ég%(gfo\ﬁgélﬁné?ﬁ@%ﬁ%@%ﬁ%%ngﬁ?nﬁgﬁgﬁa%%&t he | ow pressure
zone. The fabric reinforcenent materi al al so conpri sed of .an

fobri dOWETler i al Ralowz 10w e Hwe Coch 59 Ko g0 Taviredeice v

DuPont . Fur thef q:As el Qe oodd: 55 8RS SN UG BYerAbSOSNC| ude

a bi asing nechani sm 1202 I"ocated at e intersection of vent surface 510
and axi al preehpeidess umitiple Gidouian |Hre tmuliie cmpodidrenay siroindeian i®vgur e

12, biasing pechani sm 1202 thrusts seal. assenbly 500 rd | i tudinal
wal | 609 andERABSFS% ?WW%HQBE \Rﬁ?ﬁ A 1%%5 éB’fon?‘eg‘ﬁi %‘p%%‘? 5@%0 W%S%J.m#grose
havi ng or di ngf¥poikd 1bot Bdvhakl@etraial lseAPRERSS 30 ahBakid healldirfpe 98Nt

invention is not limted fo any particular configuration faor biasing
mechani sms  Frodemort aieh-duraneitiopwepaind H09domay oohsieRent pirfarg Howaxig!

Figure 14, a seal assembly 1400 incl udi e J_

plurality ofpl%g‘é F%Eﬂcsgg?mﬁ% sre%ﬁggl&&%ﬁgg%aﬁllﬁ‘ Zig%lg’?{ggdn%g(}%é&ﬁ Cgﬂgﬂm
enmbodi nent  qhop heayNeesey edbfe! tBS idadeSofSBOMboreSiBCaid wakitydind vediabing
el ement 1410A is disposed in a radial seal surface gr ov% 1406 of sFaI

assenbl y 1406 radial soal eapeyig S8%.evtbie hghrdmomete pyesnd i1904,anay sedine’y
surface gr O%éégﬁgtgg sﬁ-ﬁvactéﬁ?'seaﬁ‘?é&igfg}c %G?léligpradig?%lail 390 %kfaggagfs%&b dfAR.608410B

may be of any I'n e art, as o-rings or no er. As shown
in Figure 14simehl bowghdelsermithatlihd @ havingpordimery skill anthe seabillmgpeicatetnt 14108

is nolded rubber. Seal carrjer 1404 pay then_.be c ri.sed of an terial

known in t héhtpreserrigyentign| gs,ﬂ%éa}m%daﬁg i%?%@éx?ﬂﬁﬁ%ﬁ‘@owwrf@sﬁ Og?h%

| ower modul liﬁ?ulﬁ%leeéoﬂ'?ohﬁ&st Yorrm% GLd1 %Jssé}mg. the RenpR! iPindthe BFdpaLe, of
npl e, sea

t he BOP body. r ex carrier 1404 may be conprised of titanium
when t he BOBhdess greovearnpy insdudofhret eemoreuiffdrag, cogepiunds sablhy Halost my

i ncl ude bi asj ng nechani s 1202, 100501l n one e di ment nder _Llow -
operating priEERfies ?Orﬁ?%g"ﬁn’ﬁcﬁé%a CsHRitt f‘?&cﬁ@@jﬁg ﬁg@dpﬁeg}aﬁa éfl #&%al i ng
el enents 141041434 0BnsRa! doRPo¥n@NAQd8inBARehanR1 GO4 aiflchomte thed Bdvestnder
hi gh operating pressures, in which BOP bore 604 radially expands, fluid

f rom hi gh- priessuosier aommumd\intihdingtths esial eeaf sindrce] fouther, as shdwais Eiyry 500

Ci 1 umst ancdl; RSAIERY SFOnglts: QntoRe datop ot Lhet SEu i dabl s e

used to sealgyagh ke QNYaGe 1 BEB0LY Rst6QdssandvapBnes i8Q3mintiniGabAatdth relief
hi gh- pressure and | ow pressure zones. [0051] As di scussed above, those

having ordinary skill in the art will appreciate that
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in an enbodi nent of the present disclosure, the radial seal groove may be
di sposed in either the BOP bore or the bonnet. For exanple, as shown in
Figure 15, radial seal groove 608 having |ongitudinal wall 609 and radi al
wal | 610 is disposed in BOP bore 604. Under high operating pressures,
fluids from hi gh-gressure zone 605 are con icated with relief groqve 514
of seal ass&stvg 5bb @W@u@??oﬁiigwﬁiﬁ“é%é’ﬁ?%%ﬂ%Wﬂ@? vl 3'? from
hi gh-pressugo&%%%GOS may be supplied to axial preload surface relief
groove 516 rough hi gh-pressure clearance 614. Thus, with the el evated

press actin an seal semhl.y 500, seal asse Y, i 3

t owar gé(ﬁ@ngi tu%"g Da&rt t8§§g'§ggla\?/§§'/o$“r88 9 ﬁngngv% ?egg%%eﬁl?% iﬁéil seal
groove 608. ;10082]-INARE aNAMIbOMineRlIoRARY prdd: | didclbsieisanbwil | $peaifipakgi at e
that the present invention is not limted to use within the oilfield

i ndustry, bstalnmsenthdy G8@th ¢ampaivpd of elsinslshapisi-duramgier sempoygl, shcgei the

di f ' ddi t ] I . [ f e h
o eaont |0 SOPBRRE Traus ey 200 Chem TR L L, B TR of, 17

seal in whi GhytRenRAHBD iRasades Thind estiisiulest anficald0y tstvahi eundicy 16l atli ve to
the BOP bore, seal assenblies in accordance with_an enbodi nent of the

present di sdosariel sy satfas B8 tisawnal reifpamiiacseld AGHavEadiSRIEvVES,
exanpl e, a cjr.cul ar..oonpne ventiddlis @olMBbtied toSdn | ar
to a shaft © (Elg?riyﬁfg(méggﬁ %%Qﬁ@%a\%mﬁttﬁﬁ?%%%%%&%ﬂgé %tl ﬂ(’)ﬁ? e.0 Al ter natn:yvel Y,
a bonnet maypartRelpERtatercatagoatpoand s; asi parfiaiartdorangésgredienteci pr ocat i ng
al ong an axis, with respect to a bore. In 'such enbodi nents, a seal

assemhyqn a.“‘?{éf*@fﬂﬁg 2ot B anueiTRodh RAL sedtichiieviRWwesk pisedli Sedlsiyrsmonay be
used to d)}nam cally seal engage the bonnet with the bore. However, in such

appl i cat i ondiavingdisorgmechsnsier RORyin retudwase atithaan embediperbe! Ve PesEeity or
reci procates.Wth a | ow freguency rel.ative.to or (3! he
[ife of tho issigsieeis SREVY. ArooedtabisPrgnsinis 288 %%%%E%éru |1§1§’F‘§‘f ski |l |
in the art WifheeaPI 86 alig {BRhd atfael SENt The! bidmgnnedenismdi19CP dsuste may
be used to repeatabl yFEr ovi de sealing en agerrent bet \%en thag I%gf %)\%/ and
t he bonnet. sBdcausely A Oé%ﬁfd&mﬁﬁﬂ*ylalrfﬁgﬂ By pud pyay o radia) gral S Udten
restricted within it cal jed

per manent  deri RS0 YRS TIRREaEp e SR Re AERATTYARY SRRy
provi de a seddsifigmehgageseity hendeny imoyn dy teast (efz . Isprngpecistanerr dssur e

and hi gh operating pressure without rislcing integrit t he seal
assenbly. 16094 IFURTECONTRFLE JRIDFIE’ ki W%@@?’%ﬁm%/ ]r%%?ﬁ%@:‘?‘? Sersd
appreci ate tté‘%sﬁﬁg&?ﬁg%e@%&dsan%m&Bﬁpmcﬁﬁ?&tseﬁi Ssdpsiyrseomay be used in

conjunction wt r seals. For exanple, an enbodi nent of the present

di scl may used with a.face seal ) ' h,
tho. i TOHE) on” i JCRARE i do e Enk s BhaPllBlL KEF) 8L BR3Pl TG
100551Advantagiagus | ibrice raafbdeidns 1308 cinosedrdmaceiwitmay qnimdidentf of tie seal

assenbly to effectively seal between a BOP body and a b?E et at Igw
oper ating pmesssulr disclpsite heshoverp ot PR Tahat raRiSEcemenki YeptolPle for

a seal asse@&in seal surface 506 to axial seal surface 508 of scal assembly 500. Thus, m this
. embodiment, backup ring 502 is at least partially bonded to fabric reinforcement

1302 of seal assernbly 50C. The fabric reinforcement may be used to reinforce the

seal assembly when sealing between the high-pressure zone and the low-pressure

zone. The fabric reinforcement material may also be comprised of any fabric

material known in the art, such as KEVLAR®, available from DuPont. Further, as

shown in Figure 13, seal assembly 500 may also include a biasing mechanism 1202

located at the intersection of vent surface 510 and axial preload surface 512. Similar

to the embodiment shown in Figure 12, biasing mechanism 1202 thrusts seal

assembly 500 toward longitndinal wall 609 and away from radial wall 610 of radial

seal groove 608. Those having oriliiznary skill in that art will appreciate that the



that may effectively seal between a BOP body and a bonnet at high
operating pressures, particularly if the BOP body has the tendency to
expand under such pressures. Furthernore, enbodi ments disclosed herein may
provide for a seal assenbly to effectively seal between a BOP body and a
bonnet at both | ow and high operating pressures in j ch one _of .the BOP
body and t h@résenndavensomt Ws ngh tiniteds fecany Partalas: FIFISUa5986 fam Plasighe

i nvention has _been d ' M limted nb f

e_rrFlodi ment sZm?cﬁgglﬁmgEﬁﬁéﬁﬁrﬁéﬁogﬁgﬁﬁgﬁzﬁgabeInreq‘ [ te o?ut hie; gi scl osure,
W appreci ate 't hat, ot nbodi t L. sed..whi ch .

' om tRBAECope dictaHEE PRy LR THBRE A& AH-SLIBEERTHAPLITRi b el FTer e
scope of NGy LAl SHOUkHid® eldutbinted DRy Dbl obNey dcca@had chidl .

|
CLAI M5 What 1S c! An apparatus to isolate a high-pressure
zone from a dmbwdimes sifrthe zoesent titseloappais ahosnc ofgacifially: 2 sedendemenigaged

within a bore_ alang. an axis; radj al .seal qgr 0ocC | f, .t he
bonnet and tlﬁégﬁd§ gl_,SPWﬁgl“é i&ﬁa‘ﬁ Iesef’lg%’lr@lce SEA) eaggﬁejgsegggﬁ%rg?%gisp%%r%g i%al .
wal | and a lengist ediRal 1webB; isadmdpdses gl adsls es| wrdis pesed 1408 be sealdi al
seal groove, the seal assenbly conprising:

assembly 1400. Sealing clements 14104, 1410B may be of any known in the art,

such as o-rings or molded rubber. As shown in Figure 14, sealing element 1410A 1s

an o-ring and sealing element 1410B is molded rubber. Seal carrier 1404 may then

be comprised of any material known in the art, Preferably, seal carrier 1404 may be

comprised of a lower modulus of elasticity material than the bonnet or the BOP bore

of the BOP body. For example, seal carrier 1404 may be comprised of titaniumn

when the BOP bore is comprised of steel. Further, seal assembly 1400 may include

biasing mechanisms 1202,

[0650] Iﬁ one embodiment, under low operating pressures, biasing mechanisms 1202
may be used to have sealing elements 1410A, 1410B sealingly engage BOP bore
604 and bonnet 602. Under high operéting pressures, in which BOP bore 604
radially expands, fluid from high-pressure zone may thrust seal carrier 1404 of seal
éssembiy 500 towards radial seal surface 506 and axial seal surface 508. In both
circumstances, sealing elements 1410A, 1410B of seal carrier 1404 may be used to
seah’ng}j engage BOP bore 604 and bonnet 602 to isolate high-pressure and low-

pressure Zones.

[0051] As discussed above, those having ordinary skill in the art will appreciate that
in an embodiment of the present disclosure, the radial seal groove may be disposed
in either the BOP bore or the bonnet. For example, as shown in Figure 15, radial
seal groove 608 having longitudinal wall 609 and radial wall 610 is disposed in BOP
bore 604. Under high operating pressures, fluids from high-pressure zone 605 are
communicated with relief groove 514 of scal assembly 500 through high-pressure
vent 612. Further, fluids from high-pressure zone 605 may be supplied to axial
preload surface relief groove 516 through high-pressure clearance 614. Thus, with

the elevated pressures acting upon seal assembly 500, seal assembly 500 is thrust

13



a radial seal surface, an axial seal surface, a vent surface, an axi al
prel oad surface, and a backup ring adjacent to the |ongitudinal wall and
at least partially bonded to the seal assenbly; wherein at |east a portion
of the vent surface and the radial seal surface are radially prel oaded;
and wherein at |least a portio f the axial, prel gad surface _and.the axi al
seal surfacdOufEs Jopgifpyng, wp a&?—:gd.&n .awlaﬁ’ef’ﬁgbé?“gia‘]u?’agf Gﬁqcé’lfnrla%,aﬁfsﬁ’ her
conpri si ng a%oév%a@t& one high-pressure vent to allow fluid to comruni cate
bet ween t he "hi gh-pressure zone and the vent surface of the seal assenbly.

Seal 2008801 ' 1 Sy FePod ity SR g bl AR M B e ne

radial wall i Rot InGitéP@ e wiidh tigd AETWEd inddstryl bRt RRPdealkedinodnycliad Mhkre
wherein the seal assenbly conprises at |east one bi asi n[? mechani sm _ 5.
S

The appar at usdigf setliiemod | amhenehding haurkee | BaSECEFREYbi AAIHEOTRYhdHPesh

sel ected from.the group.consisti.n f ri t S.

6. The appareéifbl?gl%%t%?gﬁhﬁﬁpfse?tudrl%{%oesgmc%%ﬁF@%ﬁ%ﬁ'%@etgﬁ%az é?lﬁlg%)wrdggnga\r/abl y
secured to aagicokalt ewhionme: banet hiterehnied substadiidlyappnatyuslati-c ab dian 1,
wherein the bonnet rotates about. the axis with respecf to the bore. 8.
The appar at BOBbost.apget 1asseppldicsi iR poeTdssrm oYith g prbedimedt gf dhg PEgenhixi s

with res peCtdistc?osﬁlréeng rélf;SP betused BE dgﬁ:gﬁiﬁ%%%lﬁz%pgficﬂo%is MELr ¢ el zfﬂ kBgasSeal

assenbly conprises a carrier ap Ity of sealilng el enents.
bonnet may rotate about an axis, in a matter similar to a shaft rotating about an axis,

with respect to a bore. Alternatively, a bonnet may reciprocate along an axis, similar
to a piston reciprocating along an axis, with respect to a bore. In such embodiments,
a seal assembly in accordance with an embodiment of the present disclosure may be
used to dynamically seal engage the bonnet with the bore. However, in such
applications, the bonnet preferably rotates at a low angular veiocity or reciprocates

with a low frequency relative to the bore to maximize the life of the seal assembly.

[0053] Additionally, those having ordinary skill in the art will appreciate that
embodiments of the present disclosure may be used to repeatably provide sealing
engagement between the BOP body and the bonnet. Because the seal assembly may

“only elastically deform when restricted within the radial seal groove, the seal
assembly may avoid permanent deformation. Thus, the seal assembly may be used
to repeatably provide a sealing engagement under many cycles of low operating

pressure and high operating pressure without risking integrity of the seal assembly.

[0054] Further, those having ordinary skill in the art will appreciate that embodiments
of the present disclosure may be used in conjunction with other seals. For example,
an embodiment of the present disclosure may be used with a face seal or other radial
seals. As such, the invention is not limited to the use seal assemblies disclosed

herem.

{0455] Advantageously, embodiments disclosed herein may provide for a seal
assembly to effectively seal between a BOP body and a bonnet at low operating
pressure. Further, embodimenis disclosed herein may provide for a seal assembly

that may effectively seal between a BOP body and a bonnet at high operating

14



10. The apparatus of claim 1, wherein the seal assenbly conprises at |east
one of the group consisting of elastoners, synthetic rubber, and natural
rubber. 11. The apparatus of claim 10, wherein the seal assenbly
conprises nultiple conpounds, 12. The apparatus of claim 10, wherein the
seal assenbly is a multi-duronmeter conpound. 13. The apparatus of claim

10, wher ei n HreRsUEs aparfedaip iy the B Podn ApY it tenfgty 10 Pans JdsmsYR 14
X lf . ' f . g
The appar ig}b%ﬁg&m& %&rgemme reﬁ%dﬁ#%ty%%loigﬁ i GAAPBIEE: Torl 8 delf

gr oove. € apparatus of erernt prel oad surface
conpri ses a asambdy togsfbmtiecly stfl. befheenapP@Patods aod a boanenal bothiiew and highe

backup ring conprises one of a continuou i.ng,, a se nted ring, and a
rol | ed spri rigerating progswies |in gighnng Q?l ’giﬁkéhq%id@’hm g‘ral?ﬂi“ﬁﬁ rfgs “oove
to sealingly, s%g&a[?@neaotg&nnet within a bore, the seal assenbly conprising:
a radial seal rsur ace; an axial seal surface; a vent surface; an axi al

prel Qa[ﬂﬂgﬁr f ACC while the invention has been described with respect to a limited number of
embodiments, those skilled in the arf, having benefit of this disclosure, will
appreciate that other embodiments may be devised which do not depart from the
scope of the invention as disclosed herein. Accordingly, the scope of the invention

should be limited only by the attached claims.
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a backup ring at least partially bonded adjacent to the axial seal
surface; and at |east one Vent to all ow communi cati on between a
hi gh- pressure zone and the vent surface; wherein the radial seal surface
seal ingly engages agai nst the bore and the axial seal surface sealingly
engages against a longitudinal wall of the radial seal groove; and wherein
the seal assenbly is thrust tomarq§LAE§% ongitudinal wall and away from a
radial wall of the radial seal groodve en pressure in the high-pressure
zone increases. _18. The apparatus of claim 17, wherein the seal assenbly
conpr i ¥k ipplagneisiechani sns s 19. The apparatus of claim 17, further
conprising a seal retainer renovably secured to one of the bonnet and the
- bore t0 ret [ The
appar df us df BhRuSEAkoRRRE b ol onl Hend B ABSaR: 2O Ml er
and acpiupriginit y of seal ing elenents. 21. The apparatus of claim17,

wherein the seal asse gb ﬁp es at l.east one of the group consisting
of el ast ondroPnEhRERERd EHE R é’?e ahe*hatr al rubber. 22. The apparatus of

claim 21, wWhepgi fba g;%owdca@ca%ﬁmwwmé%mé béRe| RHERIPOURESal R3 The
apparatus of claim wherein the seal assenbly is a multi-duroneter

conpound. 24. gihhee appeises asaditl wilband 2Mongikdnaivall hﬂ@d seal assenbly

conpri ses faasggll agsent %1‘? ]:iPs{t)gse Igientthe radial seal groove, the seal assembly comprising:

a radial seal surface, an axial seal surface, a vent surface, an axial preload surface,
and 2 backup ring adjacent to the longitudinal wall and at least partially bonded to
the seal assembly;

wherein at least a portion of the vent surface and the radial seal surface are radially
preloaded; and -

wherein at least a portion of the axial preload surface and the axial seal surface are

axially preloaded.

2. The apparatus of claim 1, further comprising at least one high-pressure vent to allow
fluid to communicate between the high-pressure zone and the vent surface of the seal

assembly,

3. The apparatus of claim 1, wherein under high operating pressure, the seal assembly is

thrust against the longitudinal wall and away from the radial wall in the radial seal groove.

4, The apparatus of claim I, wherein the seal assembly comprises at least one biasing
mechanism.
3. The apparatus of ciaim 4, wherein the at least one biasing mechanism is selected from

the group consisting of springs, elastomers, and rubbers.

6. The apparatus of claim 1, further comprising a seal retainer removably secured to one

of the bonnet and the bore.

7. The apparatus of claim 1, wherein the bonnet rotates about the axis with respect to the

bore.
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25. The apparatus of claim17, wherein the vent surface conprises a relief
groove. 26. The apparatus of claim 17, wherein the prel oad surface
conprises a relief groove. 27. The apparatus of claim 17, wherein the
backup ring conprises one of a continuous ring, a segnented ring, and a
rolled spring. 28. A seal assenbly disposed within a radial seal groove
to sed.i nglThespgageusaotistaimet, wWhictdin theabdmpelerecipieatsa along dhewts yWitkaRpersi ng:
a seal %?qﬁger; a radial seal surface; an axial seal surface; a vent
sur f adBM 0P 8xi al prel oad surface; a sealing el ement disposed on the
radi al seal surface; and a sealing el enent disposed on the axial sea
surfage, WhH{eeippatdig sedhinng, ehembnthedicspasatblgnoniieiseasised] cagddr sndrel ace
seal i ngly engages agai nst the bore and the sealing el enent disposed on the
axi al ‘@éhﬁ@%ﬁﬁ@é@; @Btthgl y engages against a |ongitudinal wall of the
radi al seal groove; and

10.  The apparatus of claim 1, wherein the seal assembly comprises at least one of the

group consisting of elastomers, synthetic rubber, and natural rubber.
11.  The apparatus of claim 10, wherein the seal assembly comprises multiple compounds.
12.  ‘The apparatus of claim 10, wherein the seal assembly is a multi-durometer compound.

13.  The apparatus of claim 10, wherein the seal assembly further comprises fabric

reinforcement.
14.  The apparatus of claim 1, wherein the vent surface comprises a relief groove.
15.  The apparatus of claim 1, wherein the axial preload surface comprises a relief groove.

16.  The apparatus of claim 1, wherein the backup ring comprises one of a confinuous

ring, a segmented ring, and a rolled spring.

17. A seal assembly disposed within a radial seal groove to sealingly engage a bonnet
within a bore, the seal assembly comprising:
a radial seal surface;
an axial seal surface;
a vent surface;
an axial preload surface;
a backup ting at least partially bonded adjacent to the axial seal surface; and
at least one vent to allow communication between a high-pressure zone and the vent
surface;
wherein the radial seal surface sealingly engages against the bore and the axial seal
surface sealingly engages against a longitudinal wall of the radial seal groove; and
wherein the seal assembly is thrust towards the longitudinal wall and away from a

radial wall of the radial seal groove when pressure in the high-pressure zone

increases.
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wherein the seal assenbly is thrust towards the |ongitudinal wall and away
froma radial wall of the radial seal groove when pressure in a

hi gh-pressure zone increases. 29. The seal assenbly of claim 28, wherein
a nodul us of elasticity of a material of the seal carrier is |lower than a
nmodul us of elasticity of the bore. 30. The seal assenbly of claim 29,
wher ei 1¥. t helhsamparats of elaim d Towhpreinstbel sest assembly apmprisgsibiasthgmeekgmsagss enbl y
of claim 28, further conprising at |east one vent to all ow comunication

b he-hi gh- ) h . f ace -
agts\genb rbyt o?rh & : %P ﬁ%pa%%sgﬁ%}gﬁg?’e@gpr}r% %%lﬁﬂt\éﬁ% a%é%srt%%gnneé rgrlggg% Ebg S?rcﬁc datr? I sm

33. Thfesgdle RBs&HAH Yhobors k@ tanin She sohiefkeiniblftvitheagik radisl sof] drheveseal i ng
elenents is nol ded rubber.

20.  The apparatus of claim 17, wherein the seal assembly comprises a seal carrier and a

plurality of sealing elements.

21.  The apparatus of claim 17, wherein the seal assembly comprises at least one of the

group consisting of elastomers, synthetic rubber, and natural rubber.

22.  The apparatus of ¢laim 21, wherein the seal assembly comprises multiple compounds.
23.  The apparatus of claim 21, wherein the seal assembly is a multi-durometer compound.
24, The apparatus of claim 21, wherein the seal assembly comprises fabric reinforcement.
25.  The apparatus of claim 17, wherein the vent surface comprises a relief groove.

26.  The apparatus of claim 17, wherein the preload surface comprises a relief groove.

27.  The apparatus of claim 17, wherein the backup ring comprises one of a continuous

ring, a segmented ring, and a rolled spring.

28. A seal assembly disposed within a radial seal groove to sealingly engage a bonnet
within a bore, the seal assembly comprising:

a seal carrier;

a radial seal surface;

an axial seal surface;

a vent surface;

an axial preload surface;

a sealing element disposed on the radial sea] surface; and

a sealing element disposed on the axial seal surface;

wherein the sealing element disposed on the radial seal surface sealingly engages

against the bore and the sealing element disposed on the axial seal surface

sealingly engages against a longitudinal wall of the radial seal groove; and
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" wherein the seal assembly is thrust towards the longitudinal Wa]l and away from a
radial wall of the radial seal groove when pressure in a high-pressure zone

INCreases.

29.  The seal assembly of claim 28, wherein a modulus of elasticity of a material of the

scal carrier is lower than a modulus of elasticity of the bore.
30.  The seal assembly of claim 29, wherein the seal carrier is comprised of titanium.

31.  The seal assembly of claim 28, further comprising at least one vent to allow

commumication between the high-pressure zone and the vent surface.
32.  The seal assembly of claim 28, further comprising at least one biasing mechanism.

33,  The seal assembly of claim 28, wherein at least one of the sealing elements is molded

rubber.,
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