METAL- TO- METAL ANNULUS SEAL ARRANGEMENT BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention [0001] The present invention relates in general to a
met hod amwloappansd3us to seal between wel | bore nenbers, aoa/tuspopmsissEul ar to
a nmetal seal used between two nenbers of an adjustable wellbore casing. 2.
Cross-Reference to Rel ated Applications [0002] This application clains
priority to provisional application 61/221 915, filed June 30, 2009 and

i ncorporated herein by reference. i ef Description of Related Art
[0003] An adj ustalMETé&sT(HINEEﬁL(AWQU%ﬁﬁAMMW N@bnnectl ng a
drilling platformto an existing well head. For exanple, a "jack-up" or

fixed oil and gas platformcan be re connected to a previously installed
subsea wel | head or nudline system The ACS is part of a riser assenbly that
provides for an adjustalBACKEGROUND 0F AGE INVENTEONIe two concentrically

| ocat ed tubul ar nenbers. The tubular nenbers can nove axially in relation
to each other, and then be seal ed together when they are at the desired
length.q [ﬁgﬁd'(]ftiwfmteﬂ%ﬂhar menbers can have a housi ng annul us, or seal
pocket, ar gap is |located between the outer dlaneter of the
i nner tmﬂmﬂaﬂwmmﬁhﬁmnamdnmheﬂmamargdkmﬂﬁbannmmoﬂMadampmﬂumubwhaﬂmmnﬁher A

seal can pl ac in the housi.ng annul u |stin ACS desi
el ast onks! é’reaﬁ}‘?ﬁﬂ FS g n, P?@ﬁﬁ%ﬁ% éﬁa C4Th RE? dRem n‘P‘F?n aﬁnn ons

when usgdaBiwitdhe Plsgpsure or high tenperature appllcatlon [ 0005] There
are nunerous ACS systens in inventory, and thus it is not practical to
redeS|gn the hou5|ng annulus itself to use a seal that is nore conpatible

5 gnemtd I plicatipns e envi ronnents. Therefore, it is
desirabl e to have a metal seal that can work within the existing housing
annul uq00ei gmhandpflieativackhend phetitveeproticionslt gplicatidnubliR2r,915, filed June

30, 2009 and incorporated herein by reference.

3. Brief Description of Related Art

[0003]  An adjustable casing sub ("ACS") can be used when connecting a drilling platform
to an existing wellhead. For example, a "jack-up" or fixed oil and gas platform can be re-
connected to a previously installed subsea wellhead or mudline system. The ACS is part of a
riser assembly that provides for an adjustable length. The ACS can include two
concentrically located tubular members. The tubular members can move axially in relation to

each other, and then be sealed together when they are at the desired length.

[0004] The tubular members can have a housing annulus, or seal pocket, wherein an
annular gap is located between the outer diameter of the inner tubular member and the inner
diameter of the outer tubular member. A seal can be placed in the housing annulus. Existing
ACS designs use an clastomeric annular seal arrangement, which can have inherent

limitations when used in a high pressure or high temperature application.

[0005]  There are numerous ACS systems in inventory, and thus it is not practical to
redesign the housing annulus itself to use a seal that is more compatible with high pressure
and high temperature environments. Therefore, it is desirable to have a metal seal that can
work within the existing housing annulus design and form a seal between the metallic tubular

members.



menbers. 4. Sunmary of the Invention [0006] |In one enbodinent, the seal
assenbly can include two pairs of seal elenents nounted in opposing

di recti onsoto1ipsaside a seal agai nst pressure within a RoudisSegomseies us,
fromboth directions. The seal elenents can have spherical interna

profiles that match an identical spherical surface on the seal energizing
ring, theownmarnaf thelgyentionyei ng nachined to form an angul ar surface t hat
has a series of radial grooves that contain a |ubricating plating or inlay
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whi ch can t evated contact stress on both internal and externa
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el enents can be di nensi oned such :
corresponding surfaces on the ACS. This contact can generate stored energy which can result
in elevated contact stress on both internal and external faces of the seal elements sufficient to
create a metal-to-metal seal. The pre-load can be generated, and maintained, by way of

adjustment of the traveling sleeve positioned above the seal assembly.

[0008] In another embodiment, the seal assembly includes two pairs of seal lips mounted
in opposing directions. Each pair of seal lips can form a u-shaped seal arrangement to
provide sealing of pressure, within the annulus, from both directions. The seal lip external
profile can be machined to form an angular surface which has a series of radial grooves that
contain lubricating plating or inlay of softer material to ensure seal reliability after axial
movement of the seal that occurs during setting. The seal elements can be dimensioned such
that there is an angular radial interference with the corresponding seal surface. Energizing
rings can have a tapered profile that is driven between the u-shaped seal members during
setting. Longitudinal travel of the seal element, in relation to the energizing rings, can cause
angular deflection of the seal lips, thus causing the seal lips to engage the inner and outer
tubular members of the ACS. The angular deflection can radially compress the seal lips and
generate stored energy which results in elevated contact stress sufficient to create a metal-to-

metal seal.



that there is an angular radial interference with the correspondi ng seal
surface. Energizing rings can have a tapered profile that is driven between
t he u- shawedosigmB43menbers during setting. Longitudi nal tcawskoiof3dbe sea
elenment, in relation to the energizing rings, can cause angul ar defl ection
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of the ACS .they are not.in contact.wth the associated seal syrfaces of
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operations of the ACS, they are not in contact with the associated seal surfaces of the tubular

members. A running tool can generate rotational or longitudinal force, which can be

transferred to longitudinal force associated with a traveling sleeve connected to the seal

assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] So that the manner in which the features, advantages and objects of the invention, as
well as others which will become apparent, are attained and can be understood in more detail,
more particular description of the invention briefly summarized above may be had by
reference to the embodiment thereof which is illustrated in the appended drawings, which
drawings form a part of this specification. It is to be noted, however, that the drawings
illustrate only a preferred embodiment of the invention and is therefore not to be considered

limiting of its scope as the invention may admit to other equally effective embodiments.

[0012] Figure 1 is a side view of an offshore rig with a casing string extending to the

seafloor, the casing string having an adjustable casing sub.



assenbly. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0011] So that the manner in
whi ch the features, advantages and objects of the invention, as well as
ot her s whwohwwdo4sbeconme apparent, are attai ned and canpb@/useaensd4eod in
nore detail, nore particular description of the invention briefly

summari zed above may be had by reference to the enhodi ment thereof which is
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offshore rig with a casing string extending to the seafloor, the casi ng
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vel | heats adjhﬁamasam@ giﬂardfrmgdiawmmrpraﬂwﬁt@tgl e casing Sub [0014] Figure
3 is a side cutaway view of an enbodi ment of an adjustabl e casing sub.
[0015] Figure 4 is a sectional view of an exenplary enbodi ment of a

met al - t180 f@t Ejgurg 94p ap ﬁnlfaﬁ%?daf@jt%]ﬁ‘é%‘ft@né]a‘élFY‘ig)félﬂPomSéd -F9-BiGHb sl O§ KEAFE i or
to sett gure 5 is an enlarged detailed sectional view of the
nmet al -tsggﬁ% glgpgogggftﬁfgf Figure 4, shown prior to setting. [0017] Figure 6 is
a detail view of the sealing surface of the netal-to-nmetal seal of Figure
5. [ 001891 Hilggure 67s hdemil sent dhihalsealingwudhcet diehereetl-ta-metmb sell o§Bgureo. Fi gur e
4, shown in an energi zed position. [0019] Fi gure 8 is a sectional view of

anot her enbodi ment of a seal. 4.n the adj ustable
ot ng I00ATREREY R RSRTEb o e Rt So B, P30 ablrb ¥ MR g
surfac%n@fglieh@ombﬁl -to- rret al seal of Figure 8. [0021] Figure 10 is a
sectional view of yet another exenplary enbodi nent of a netal -tonetal seal
in the adi ust abl e casi ng sub of Figure 3.

[0019] Figure 8 is a sectional view of another exemplary embodiment of a metal-to-metal

seal in the adjustable casing sub of Figure 3.
[0020] Figure 9 is a detail view of the sealing surface of the metal-to-metal seal of Figure 8.

[0021] Figure 10 is a sectional view of yet another exemplary embodiment of a metal-to-

metal seal in the adjustable casing sub of Figure 3.

[0022] Figure 11 is a detail view of the sealing surface of the metal-to-metal seal of Figure
10.



[0022] Figure 11 is a detail view of the sealing surface of the

netal -to-netal seal of Figure 10. DETAI LED DESCRI PTI ON OF THE PREFERRED
EVMBODI MENVO[200128343The present invention will now be desecirhsdowosees ul |y
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enbodi ments of the |nvent|on ThIS |nvent|on na homever, be enmbodied in
many di EDRESERIBITON B PRIGFERRI -4 QDIM ed to the
illustrated enbodlnents set forth hereln. t hese enbodi nents are
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of casing prefe y cenented in ne conversion
system plz&ﬂorﬁazrndbeetaub ed thosaoineritl2a prehstd mllheadamdfad fsmtmlefazem IWdbiboe 1 23.

Mudl i ne,_conver system 124 can | ncl ude adjystabl e c b 122
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adjustable casing sub 122 can adjust the length of the casing string 118 to a predetermined

length and can also tension the casing string 118.

[0025] Referring to Figure 2, wellbore 123 has a wellhead 125 and one or more casing
hangers 126, each supporting a string of casing 127, preferably cemented in wellbore 123.
Mudline conversion system 124 can be used to convert a previously capped subsea wellbore
123. Mudline conversion system 124 can include adjustable casing sub 122 and casing string
118. Casing string 118 can have tieback 119 located at one end, that can be used to tie back
to casing hanger 126. Casing string 118 is lowered into wellhead 125 and latched or tied
back through a mudline suspension system to the innermost casing string 127. In line with
casing string 118 is adjustable casing sub 122, As is known to one of skill in the art,
adjustable casing sub 122 can be used to adjust the length of casing string 118 to a

predetermined length and also tension casing string 118.

[0026] Referring to Figure 3, adjustable casing sub 122 comprises a generally annular inner
housing body 128 that partially coaxially extends into an outer sleeve 129. The outer sleeve
129 has an inner diameter roughly equal to the outer diameter of the inner housing body 128.
These respective dimensions allow insertion and telescoping coaxial movement of the inner

housing body 128 within the outer sleeve 129. The axial length of casing string 118 may

-5-



casing string 118 is adjustable casing sub 122. As is known to one of skil
in the art, adjustable casing sub 122 can be used to adjust the | ength of
casi ng stwongiil8s3tio a predeterm ned | ength and al so t eRrsrars2@a®39gs st ri ng
118. [0026] Referring to Figure 3, adjustable casing sub 122 conprises a
general | y annul i nner housing body 128 that partially coaX|aII ext ends
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string 118 is variable within a predeterm ned range. A running tool (not

shown) shgyeBb@9.used to pull tension and set the final |ength of casing
string 118 by naking adjustnents to the position of inner housing body 128
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and out'er  di amet ner housi ng er sleeve 129

form a deusilpg fanny humlﬂ@&lxﬁﬁismmme&\heaﬁhbmwmﬁaﬁb&s Tie aamulus U30 k3 i S an
annular void with a seal assenbly 132 di spaosed therein. The_ seal assenbly
132 f orawBular ¥eidwitlya s essBbly {Itndispassd diciginbddy sad assablbideforapaseal 129,

[0028];ﬁﬁggg&%gggkgggigggggﬁgeggﬁggﬁgpgeg%ngbly 136 is located in housing

annul us conprises inner sealing ring 138, outer
sealing ring 142, b i directional energizing ring ("BER') 146, upper ring
148, ar[ﬂﬂzajvhfeminqu 150urel hnpradseall assgmblyntp 61 B8loaatedd dmtlmusisgathhmigs rlBﬁg 142

are an als tric about an axis..Th are t i nner s
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of metal, such as, for example, low carbon steel. Other types of metal may be used.

[0029] Referring to Figure 5, each outer sealing ring 142 is an annular member having an
inner surface 152 and an outer sealing surface 154, the outer sealing surface 154 being spaced
outwardly from the inner diameter. Prior to setting, the outer surface 154 of outer sealing
ring 142 may be parallel to the axis of the bore of outer sealing ring 142, or outer surface 154
may be at an incline in relation to the bore (as shown). In some embodiments, in its relaxed
state, a first end 156 of outer surface has the smallest diameter, and the diameter gradually
increases along the axial length of the outer surface to second end 158. The largest outer
diameter of outer sealing ring 142 is initially slightly smaller than the inner diameter of outer
sleeve 129. Thus, prior to being energized, outer sealing ring 142 is able to pass through

outer sleeve 129 without engaging outer sleeve 129.

[0030] Referring to Figures 5 and 6, each outer sealing ring 142 may have a plurality of
ridges 160 on outer surface 154. Ridges 160 are parallel, circumferential ribs formed with
the body of outer surface. Ridges 160 are separated by grooves 162, each groove 162
forming a valley between ridges. In some embodiments, grooves 162 are filled, or partially

filled, by a soft metal lubricating plating or inlay 164. Inlay 164 has a lower hardness than
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i s genstHPS/ I ¥rooth. I nner surface 152 may have a slightly rounded or
concave shape or may be flat. Furthernore, inner surface 152 may be
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[0033] Bi-directional energizing ring ("BER") 146 is an annular ring concentric with the axis
of outer sleeve 129. The cross section of BER 146 is symmetric across a horizontal line,
drawn perpendicular to the axis of rotation, that bisects the BER 146. Some embodiments are
also symmetric across a vertical line that bisects the cross section from a first end to a second
end. A forcing cone 170 extends from each end of energizing ring body 171. Forcing cones
170 can be driven between inner sealing ring 138 and outer sealing ring 142. Forcing cone
170 1s a rib rotated about the axis of BER 146. Forcing cone 170 comprises inner sloped
surface 172 and outer sloped surface 174, wherein the inner and outer sloped surfaces each
have a tapered profile that gradually converges at a point farthest from body 171 of BER 146.
In some embodiments, forcing cone 170 has a spherical or bulbous shape, wherein, while
moving from the axial midpoint of the BER toward the end, the inner and outer diameter of
forcing cone gradually diverge towards a bulbous point 176 having maximum outer diameter

and minimum inner diameter, and then converge back towards the end of forcing cone 170.

[0034] The axial midpoint of BER 146 may have a cylindrical shape having a larger outer
diameter than the widest point of forcing cone 170, and may have a smaller inner diameter

than the smallest point of forcing cone 170. Thus the cylindrical shape may serve to center



bet ween ridges 160, or a soft netal coating on any of its surfaces. [0033]
Bi -directional energizing ring ("BER') 146 is an annular ring concentric

wi th the wwi2e110i8sut er sl eeve 129. The cross section of PBERS2¢16/08%l68
symmetric across a horizontal |ine, drawn perpendicular to the axis of
rotation, that bisects the BER 146. Sone enbodinments are alsq symetric
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second ené, & J pcing cone 170 extends from each end of energizing ring
body 171. For ¢ ng cones 170 can be driven between inner sealing ring 138
and outer sealing ring 142. Forcing cone 170 is a rib rotated about the
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the axis of outer. sl eeve 129. The | ower epd of .upper.rjng is a. u-shaped
cavi ty BeRITBPOBYOR &gqr%s, thg §ndin B BiFiicey Of 520 T¥hel Sfoatcting fRdRp! of
outer liggrldd olifr dalightinys $3@Iiker than the inner diameter of outer sleeve
129. Simlarly, the iRner dianeter of inner leg 180 is slightly larger than

the outer dianeter of inner housing 126. The gap between the inner |eg 180
and outl@936] Rpefasmgibaclsio Kjawteyt, bppayemgt I8 mayHavewode br wbrefnrizonlgl donklens7o at

its mnj idth e The depth of - shaped is.at least egqual to
the axiir | UAbEh e RS iR REERE Prst AT RERG P +uflne SPVhLEDR
seal i nghoulder 184, having an outer diameter that is slightly smaller than the inner diameter of
outer sleeve 129 and an inner diameter that is greater than the lower portion of upper ring
148. The inner diameter of threaded upper portion 186 may have threads for threadingly

engaging a sleeve within adjustable casing sub 172 (Figure 3).

[0037] Lower ring 150, which can be a stationary ring relative to inner housing body 128, is
an annular ring rotated about the axis of the bore. Lower ring has a u-shaped gap defined by
inner leg 188 and outer leg 190, similar in dimensions to inner leg 180 and outer leg 182 of
upper ring 148. In the run-in position of Figure 5, the ends of legs 188, 190 contact lower
sealing rings 138, 142. The bottom end of lower ring 150 may be a flat surface for engaging
a shoulder 194 on inner housing. BER 146, upper ring 148, and lower ring 150 may be made

of metal.

[0038] Upper ring 148 and lower ring 150 may have bolt holes 196 for receiving bolts 198.
Bolt holes 196 may be parallel to the axis of the bore and radially spaced around the rings
148, 150. Bolt holes 196 may have a counterbore for receiving the heads of bolts 198. The
depth of counterbore is at least as long as the axial length of forcing cone minus the axial

length of seals. BER 146 may have threaded holes 202 for threadingly engaging bolts 198,



ring 138 and outer sealing ring 142. In other words, the length of inner

|l eg 180 plus the Iength of inner sealing ring 138 is at | east as great as

t he axi alwbengtdes4sfi forcing cone 170. In the run-in posiPCrars2ai/obi4gsire 5,
the ends, or end surfaces, of |egs 180, 182 contact the ends of inner and
outer sealing rings 138, 142. [0036] Referring back to Figure 4, upper ring
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an uppeysot hreaded portion 186 extendi ng upward from shoul der 184, having an
outer diameter that is slightly smaller than the inner dianmeter of outer

sl eeve 129 and an inner dianeter that is greater than the | ower portion of
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flat swffupp& i 148N@aQinagr andsdidetisdsls 1389440 rebpuravelnougilatg. BER 146, upper
ring 148, and lower ring 150 may be made of netal. [0038] Upper ring 148

and lower ring 150 may have bolt holes 196 for recejving bolts 198. Bolt
hol es Vﬁﬁ%“%y OB%mBali"a‘l“P%PeE& aSSLeHEIYaﬁ%@S acpghin Sandl (Figdreath §f aéblé@@g

ar ound I 3 e : r : r
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BER 146 ma ve t hreaded. hol es 202 for fhreadingly engagqi bol ts
o5, t hiBHed | b eiTE 80k i s At Pazsh h B0 ChoRe ofgs 96 i n upper
and | ower rings 148, 150. [0039] Quad seal assenbly 136 is created by
pl aci nqob4Q Rdbhingab Hignes 3s@al 3, NGt if@s hdddn@Bed UL hrapRal i16€htéd W@hinl42 on
t he upper and | ower forcing cones 170 of BER 146. Lower r|n8 ‘

outer sleeve 129 and quad seal assembly 136 located in housing annulus 130, compressive

force is exerted on quad seal assembly 136 to energize sealing rings 138, 142. In an
exemplary embodiment, the running tool (not shown) causes downward force to be exerted
on upper ring 148. Downward pressure may be created, for example, by rotating a drill string
(not shown) and using threads (not shown) to convert rotational force to linear force in the
axial direction. Torque keys 204 (Figure 3) may engage parts of running tool to prevent quad
seal assembly 136 from rotating during energization. Other methods may be used to energize
quad seal assembly. Hydraulic pistons on a running tool (not shown), for example, may exert
downward pressure on seal assembly 136 or simple downward force from the weight of
casing string or tubing may be transferred to quad seal assembly 136. Other types of
attachment may be used to engage upper ring 148. One of skill in the art will appreciate that
upper ring 148 can be compressively engaged by other wellbore members without the use of

a running tool.

[0042] Referring to Figure 7, downward force on upper ring 148 causes inner and outer legs
180, 182 to exert force on inner and outer sealing rings 138, 142. Sealing rings 138, 142 are
pushed down relative to upper forcing cone 170 of BER 146. As inner sealing ring 138 is
pushed down, the tapered profile of forcing cone 170 pushes inner sealing ring 138 inward to

forcibly engage inner housing body 128. Similarly, the tapered profile of forcing cone 170



150 is bolted to BER 146 by bolts 198 such that the inner and outer |egs
188, 190 of lower ring 150 hold the inner and outer sealing rings 138, 142,
respecti webypitaos4siiace. Simlarly, upper ring 148 i s bolrtedsc@oBER6L46 by
bolts 198 such that the inner and outer |egs 180, 182 of upper ring 148
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rings 138, 142. In an exenplary enbodi nent, the running tool (not shown)
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Figure 7, downward force on uppér ring 148 causes i nner | egs 180,

182 t o mi@stalingrraes dRS) HAdp cagricoutes hossiad borty F28regd ouB8 slegv2129%eal i ng ri ngs
138, 142 are pushed down relative to upper forcing cone 170 of BER 146. As

| nner S[ﬁ&éu] & ﬁﬁﬂgl 4% mO\;es down relative to inner housing 126, upper inner and outer sealing
rings 138, 142 also move down. Inner and outer sealing rings 138, 142 may be already
compressively engaging inner housing body 128 and outer sleeve 129 to some extent at the
time they start moving down. Soft metal inlays 164 and cladding on inner and outer sealing
rings 138, 142 may provide lubrication for inner and outer sealing rings 138, 142 to slide
during movement. In one embodiment, soft metal inlays 164 and cladding on inner and outer
sealing rings 138, 142 can facilitate keeping the upper inner and outer sealing rings 138, 142
from setting before the lower inner and outer sealing rings 138, 142 are set. Upper sealing
rings 138, 142 and lower sealing rings 148, 142 are set at roughly the same time, but in some
embodiments, lower sealing rings 148, 142 are fully set before upper sealing rings 138, 142
are fully set. Due to the nature of having both an upper and a lower set of seals 138, 142,

quad seal assembly 136 seals against pressure in both directions.

[0045] Bolts 198 used to hold quad seal assembly 136 together during run-in remain fixed in
BER 146 when quad seal assembly 136 is energized. Counterbores permit movement of
BER 146 relative to heads of bolts 198. Thus bolt 198 head no longer engages upper and
lower ring 148, 150 when sealing rings 138, 142 are energized. Compressive forces on quad
seal assembly 136 prevent rings from separating and thus bolts 198 are no longer required to

hold the assembly together.
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pushed down, the tapered profile of forcing cone 170 pushes inner sealing
ring 138 inward to forcibly engage i nner housing body 128. Simlarly, the

t aper ed pwofoiigosd3if orci ng cone 170pushes outer seal i ngPrirnug20423%68 ward to
forci bly engage outer sleeve 129. Thus the angul ar deflection of sealing
rings 138. 142 causes the sealing surfaces _such_as inner surface 152 and
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Inlay 222 could be made of a soft metal such as, for example, lead and tin.

[0048] Referring back to Figure 8, the internal surface of each seal lip 212, the internal

surface being the inner surface of the outer seal lip and the outer surface of the inner seal lip,

may be tapered. Each seal lip 212 is narrowest at the tip and gradually becomes thicker

towards the base of the u-shape. Guide ring 214 may have one or more catches 224. Catch

224 is a ridge or raised surface.

[0049] Upper ring 226, an axially moveable ring, comprises two downward-pointing radial
energizing rings 228, 230. Energizing rings 228, 230 generally form a u-shape. Moveable
inner energizing ring 228 has a tapered surface on the inner diameter, wherein the tip of inner
ring 228 has a larger inner diameter than the base of inner ring 228. Similarly, the outer
surface of moveable outer energizing ring 230 is tapered from the tip, which has the smallest
outer diameter, to the base, which has the largest outer diameter. Inner energizing ring 228 or
outer energizing ring 230 may have an internal barb 232, which is a surface protruding from

the interior face of one of the rings.
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are fully set. Due to the nature of having both an upper and a | ower set of
seal s 138, 142, quad seal assenbly 136 seals against pressure in both

di recti on80 2p00W8431Bol ts 198 used to hol d quad seal assenius2i863446get her
during run-in remain fixed in BER 146 when quad seal assenbly 136 is
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pair of Tips form ng a general u-shape, Such that there is an annul ar gap
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g 2 RO IR AT AT e aRRR iy rind' 226, E0E 08 Kb fprst S085 tnachlIf: O
210 i s qmdevdibormhéhberk G0t tRetiey sfi n@nhidghoqgure 9, each lip 212 has a
sealing surface 216. Inner and outer |ip sealing surfaces 216 are | ocated

on the inner and outer dianeter, respectively, of trident seal_ 210 gFigure

8). I n 8O ]dryesditignt37. sdugh ¢ ReuR plaHeRary TBSaisedn finuiag ing ietdéed syt ths be
|1 . i | i J i . i : 2
para ea!x1stc5'*}” tﬁ@ﬁor%é'ﬁ%y&%@ rllhg??? hQ8a 8%13 OE gﬂ\%orgil?% ggéergﬁg{%‘m%%%%' My ﬁﬂlﬁlfa%els 16

may be tapered. aling s aces ichare parallel,
ci r cunfthe emdrg@inggigpe\Vv28, 230 nfdppeon ringe [sealrirmg e P4C & ghorall@fboves n28 nay

be separated by ridges 220, ea roove 218 form a val l.ey between ridges
550° T gt peeliitriient ,Pegrlasﬁzgég%@ i S0 2T Stny rmif’éreﬁlflaﬁ?fwf l-ed, by a
soft netal inlay 222. Inlay 222 has a | ower hardness than seal |ips 212 and

thus i 0052 ahYpt@tidebOhBeAbdinh@o MiRrL Btaad 95 8alchiapakABIe 24065 piacdr essed
agai nst an adj acent surface. Inlay 222 could be made of a soft netal such
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226, 237 prior to setting the seal.

[0053] Compressive force is used to energize trident seal 210. The devices to provide
compressive force to energize trident seal 210 are similar to the devices to provide
compressive force to the quad seal assembly 136. When compressive force is applied to
upper ring 226, upper ring 226 moves down relative to trident seal 210. The tapered surfaces
on energizing rings 228, 230 of upper ring 226 engage tapered surfaces on trident seal lips
212. Seal lips 212 are forced apart to engage the surfaces of inner housing body 128 and

outer sleeve 129.

[0054] As compressive force increases, trident seal 210 is pushed down, relative to inner
housing body 128 and lower ring 237. Lower ring 237 remains fixed in place relative to
inner housing body 128 because lower ring 237 is landed on horizontal surface 240. Tapered
surfaces of lower ring 237 stationary energizing rings 238, 239 engage tapered surfaces of the
second pair of sealing lips 212, forcing sealing lips 212 apart to compressively engage inner

housing body 128 and outer sleeve 129.

[0055] Both pairs of sealing lips 212 may slide along inner housing body 128 and outer

sleeve 129 after initially contacting the surfaces. The soft metal inlays 218 serve as
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surface being the inner surface of the outer seal |lip and the outer surface

of the inner seal lip, my be tapered. Each seal |ip 212 is narrowest at
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is | owasRdhiméreqReIsi/B ik pek FUtN TAUE B afkRE¥ENed between the inner surface of each

leg 242, 244 and a line parallel to the axis u-shaped seal 240 is roughly 1 degree, 29 minutes.

The angle may be larger or smaller, provided it establishes a self-holding taper.

[0057] Referring to Figure 11, sealing surfaces 250 on the exteriors of legs 242, 244 may
have grooves 252 separated by ridges 254. Grooves 252 are parallel circumferential grooves
in sealing surface 250. Grooves may be filled with inlay 256. Inlay 256 is a generally soft

metal which could comprise, for example, lead and tin.

[0058] Referring to Figure 10, energizing ring body 258 is located in housing annulus 130.
Energizing ring 260 is an annular ring that protrudes from energizing ring body 258.
Energizing ring 260 may be employed to force legs 242, 244 radially apart from each other
into sealing engagement with inner housing body 128 and outer sleeve 129. Energizing ring
260 has an outer diameter that will frictionally engage the inner diameter of outer leg 242 and
an inner diameter that will frictionally engage the outer diameter of inner leg 244. The radial
thickness of energizing ring 260 decreases from the point located at the top 248 of u-shaped
scal 240 towards the base 246 of u-shaped seal. The sides of energizing ring 260 are
generally straight and smooth. The taper of the sides of energizing ring 260 matches the
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129. Barb 232 may engage catch 224 to prevent the separation of trident
seal 210 and rings 226, 237 prior to setting the seal. [0053] Conpressive
force i s weeadiwoossmer gi ze trident seal 210. The devi cesPCO/USL@vi0oss6s
conpressive force to energize trident seal 210 are simlar to the devi ces
to provide conpre55|ve force to the quad seal assenbly 136

conpr edapsy &F thsripiripssutfiises ¥ldess’4fppdt - al\ft@rseEeperﬁlbaéépulﬂh%gfozzsa%leele%dom
rel at'\tﬁa&?/gtﬁd ﬂ%?tméa%ot?ot%uﬁtsﬁlh fzgxﬁﬁtﬁte%eén p energizing rings 228,

230 of upper 226 engage tapere aces on tr dent seal lips 212.
Seal |ips 212 are forced apart to engage the surfaces of inner housing body
128 and083f] eFhestlemvrcelk@wedr0 OB 4hnaAssw gy e6 bigy @42 omde24dnardetisesiyfatesi alent

seal 210 is. ushe own, relatlve t usi n od nd |l o rin
357 ConeieARAEnS 460 Rie Sy TantGup B beaTers? der i 6 Yanh 6 ST body
128 becufpRess@MaLidr pme@@&wbal LangRd Rl DAy hE@BhEiSg 1f1 26@Ahe JraRered
surfaces of lower ring 237 stationary energi zing rings 8, 239 engage

t aper edvesLpasaesss 262 mhae bg decsirdl Wagnergizing bl Hy- | Vgst Qa}szagef Wcisrgpassadd ng

I 2
105 2 R RSN SRR 1t 14310 oy % A
housingmp@ﬁwhé%§saﬂ%gﬁumga4sjeeve 129 after initially contacting the

surfaces. The soft netal inlays 218 serve aslubrication to allow trident

seals 210 to nove along the sealing surfaces of inner housing dy 128 and
out er slt’&@!lelnfggw e, dasfametsedon B0 bF dHedAn Al grPﬂV%%é)%on]h

di rectiQfgior [o@gﬁ?rlg zﬁgf fih¢ bBgy b9g 2 SHAGH! e‘i’is’éo‘?ﬁéi‘asleélvfb%%erﬂ%g@b TEted A Shigur e

10, u-shaped sea l'ocated in housing annulus 130 between i nner
housi nggrtmwy271)2®1 dndnwubeof shagnmgidg: bcbﬂgfh%qﬁed Ebtallon@d@eals 26rhded %8 ertirely

of netal e d thus w t hst and hi era es and

o coourmSRTRATEMg: A0 LS wERY il 1B eBpTa S LTS Rh s 284

par al | elgsipe@idekdlybn®thel s@BadAd enbhgzih @ aifig Bddy 224 dudpahNSI LIS LHlsbeget her
at the bottom by a base 246 and open at the top 248. The inner di aneter of

out er 126§ rpa3 agsingtabie aurfages pﬁme@r lwsingrbdy rlddand evigusleevedi2Rndndiguwse 10nner
leg 244£he -erlre]tlst%mleﬁg lglcatls 2%34{1 238 AN lw%r 1nCetlneuaI‘1legﬁ]1pressed state for clarity. In actual use,

clastomeric seals 264, 268 will press against inner housing body 128 and outer sleeve 129 but
will not extend through such surfaces. Thus elastomeric seals 264, 268, combined with
energizing ring body 258, form a seal between inner housing body 128 and outer sleeve 129.
The seal exists prior to setting u-shaped seal 240 and thus may prevent fluid or gas from
passing between inner housing body 128 and outer sleeve 129 before energizing u-shaped
seal 240. Furthermore, the seal created by elastomer seals 264, 268 creates a redundant seal
after u-shaped seal 240 is set. The energization and setting of u-shaped seal 240 provides a

seal in both directions.

[0061] Energizing ring body 258 may have one or more horizontal surfaces 272 at the end
opposite energizing ring 260. Energizing ring body 258 may have a threaded ring portion
274 having an outer diameter that is slightly smaller than the inner diameter of outer sleeve
129 and an inner diameter that is greater than the body of energizing ring body 258. The
inner diameter of threaded ring portion 274 may have threads for threadingly engaging

threads on running tool (not shown).

[0062] Downward force on energizing ring body 258 is used to set u-shaped seal 240.

Downward force may be created in any of the manners described above regarding creating
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bet ween | egs 242, 244. The outer dianeter surface of inner |leg 244 may be
generally snooth and has a taper wherein the outer dianeter increases from
the top 246 2u/wks1base 246. Simlarly, the inner di aneremr/uskoiowsess| eqg 242
may be generally snooth and is tapered, wherein the inner dianmeter is
greatest at the top 248 and smallest at the base 246. Thus the annul ar gap
bet weerflopAavard derco £ uphex 1ing &4n| | Elgn Q?W?W%rdbfzs%‘é? grertp eony Hpeaded Jing
gener al oy GPH54 St &1k MliN2rbbnge, HARIRLAIIABELy 230K doig, tapsle foul d
be, fo e>1<arrp?e, roulgzzjwy 1'ess t han o%&qualmé%}ing\% pere f oot . Tﬁtﬁ\? t he
angl e fionardubieg hednllhchisnhmpingencf@izieg oigd&b ovag (24iaped 42al 2Ad 1aurtablee

arallel to the axis. u-shaped seal 40 .is.roughl 1 ree, 29 mnutes. The
Do Tayiae dosmgmtiye 1§ HaRr BeR i b dab ole e et R8G0S efPeRisediig
taper. 46009 (drcREAGKH, RO ER FtGUEE 231 and Bflcl NG BT f1aG8 942904 204 e Rdder i or s

of legs 242, 244 may have grooves 252 separated by ridges 254. G ooves 252
ar e parabtteind qiressedrigdiesitthabxigriooweficenosmakt houssg bedyel 265and utgovleeveray be

B

energi zing ring body 258 is | ocated in housing annulus 130. Energizing ring
260 i s [aG63Whilatherihhghtiohatas pest shod@sorfdessriteaen ghlzi agnerdilig fbany iPHduld
Energi zing ring 260 nay be enployed to force |egs 242, 244 radially apart
fr om ed€rARpersal 1q Hose salled H@ﬂ]@r@ﬁa@ﬁﬂﬂ@ ngf 8¢ lipHigds by SpisPiRlayo ¥2Bound

out er - I Z j . puter dianmeter that wll

fricti ?#gﬁ?%/eﬁ“éﬁlg)gtggébtﬁ g{%ﬂggﬂéﬁgﬁ%@gﬁeﬁ?ﬁr | eg 242 and an i nner
dianeter that will frictionally engage the outer dianeter of inner |eg 244.
The radi al thickness of energizing ring 260 decreases fromthe point

| ocated at the top 248 of u-shaped seal 240 towards the base 246 of
u-shaped seal. The sides of energizing ring 260 are generally straight and
snooth. The taper of the sides of energizing ring 260 nmatches thetaper of
the interior surfaces of |egs 242, 244 - a Morse Taper that could be, for
exanple, less than 5/8 inch per linear foot or roughly 1 degree, 29 m nutes
of angle. [0059] The cl earance between the inner surfaces of |egs 242 and
244 and the surfaces of energizing ring 260 nay be very tight due to the
Morse Taper. To prevent the formation of a
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conpressed fluid pocket between u-shaped seal 240 and energizing ring 260,
one or nore vent passages 262 may be |ocated in energizing ring 260. Vent
passage 280 s/m843assage havi ng an openi ng near the tiproffi/ise@ogsw@shg ring
260 and a second opening at a l|location beyond the tips of |egs 242, 244.
[0060] In sone enmbaqdi nents, elastoner seal 264 may be | ocated in sea

gr oove b8t Biflaimeddt eri or of energizing ring body 258. Similarly,

el astoner seal 268 nay be |located in seal groove 270 on the interior of
ener gi Zi-ng rAmgprssdys 5 gealipk hetvnep twe adiubir peabenty e pariisponiriangseal s
made of an elastonmeric material. The exposed surfaces of el astoner seal

264, 268 pr otppedadieyenstal hegsienfcaddegahcren angisscnrdy,rdaly hivony a 268 ssdfede t hat
el astoneric seal.s 264, 268 press ai nst the surfaces of inner housing body
128 an&m6WH8Wﬂ§b ‘%@%T§§9(¥ﬁ“§%ﬁﬂ$%3lo, the el astoneric seals 264, 268 are
shown in an unconpressed state for clarity. In actual use, elastoneric

seal s 264, JBENFgifingFiagihalgarerds theys rsuﬁai?éi%h%@wri rRg 4R mdPeey e
129 bu@mMMhé1@&&sﬁéﬁﬁﬂ?ohﬁf%ﬂﬂﬂﬂé“ﬁﬁﬂ%kﬁi%%ﬁﬁ eﬁ&ﬁ&nﬁh@§%ﬂmﬁé&&o%ﬁﬁh§~264’
268, conbined wth energizing ring body 258, %orn1a seal between 1 nner

housi ngnérobiys I2@smde gudaynvedrd evcmhzer; afithe seal exists prior to setting

u- shaped seal 240 and thus may prevent fluid or gas from passi ng between

i nner housi rnhe hppyr st2Briagdead budhces | etmperaliRly hifanhedantr gigagagent-wsitaged seal
240. Furtqernnr , the seal created by el astoner seals 264, 268 creates a

r edunddhuleeBPmEsBer u- shaped seal 240 is set. The energization and setting
of u-shaped seal 240 provides a seal in both directions. [0061] Energizing
ring body 258 may have one or nore horizontal surfaces 272 at the end
opposite energizing ring 260. Energizing ring body 258 may have a threaded
ring portion 274 having an outer dianeter that is slightly smaller than the
i nner dianmeter of outer sleeve 129 and an inner dianmeter that is greater
than the body of energizing ring body 258. The inner dianeter of threaded
ring portion 274 may have threads for threadingly engaging threads on
runni ng tool (not shown).
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[ 0062] Downward force on energizing ring body 258 is used to set u-shaped
seal 240. Downward force nmay be created in any of the manners descri bed
above regaodnnignoss3eat i ngdownward force on upper ring 1l48CTiiseonomdsmnsvar d
force is exerted on threaded ring portion 274 or horizontal surface 272,
energi zing ring body 258 noves down, relative to inner housing body 128,

t hus drivi n&%w&ﬂzﬁ 10§ S?qhﬁg%ger?eamwm EHRRETS 30 APPAHYSLONPABING” t 0 nove
down, relative to inner housing body 128, due to shoul der 194. Thus

ener gi 7 gt pichepcoBbinner s delngming sacheiancioumelar [seding 4medrd ingraemnngre g
244. Legs, 242 gg 244 are spread apart and pressed agai nst the exterior
surfaces of° 1 nner housing body 128 and outer sleeve 129. In sone

enmbodi nent n| 256 def.orns ws W thin.and bet en groqQves 252

P0003] et tnd Pt Rt FEliRE Ren e ol Sp et el B e B P E S ts
forms, dehlih@itsdedeR oaRPan@Mr se@idd\@sehikid dreshtérchlng @ffacd;hat it is not SO
l[imted, but is susceptlble to vari ous changes Wi t hout departlng fromthe

scope of, etnfa rlﬁg% IH30in n%%gﬁrsr %orelln idORd ah$ a séconarro@o%pg%&ﬁeueaéhoror&@gkbﬂw

bet ween tmo ubul a pparatus conprising: upper and Tower sea
ri ngs jh@inmh ztrmger heg hasmgranam bil yn oetee hloped surbace, theaines and ater gopain

i nner e, & 3p out er ter,t %ﬁ eﬁg|2|n |ng g &@read t he
seal srﬁ“f %eés %ffr "o wer" 8 é‘ﬁ P P théfe NS KuHEC PEREP! § ring
outer dbamRt @bnaPAE! fordh® 8 'pﬁﬁnﬁl Geroppbsid UhedthhRs tiemt adlagr ofmaber s
in response to domnmard novenent; and the upper seal ring seal Surfaces

bei ng reagigiting rngf dharbiestifatcing sgegy doveterl wlt ytbﬁévv@qmbdleaﬁrstremﬁé ragid2out@h
appar ats%%ln!g 1n%ss%%d tlpegseggﬁd/\ﬁ)?aaé 0, d 1%9&%%&‘{ dmflm%)%[vi/een tﬂe se%egcﬂn%eﬁgnd outer

conpri si ng: rnner
annul arsegl@dd fin}g; ri ng having an inner seallng surface a flrst and second
outer sealing ring, the outer sealing rings being |ocated opposite the

i nner  sgalkidlg hbidsle ARGV @ ARt 36r SARIAGE hiiRgRAMD Mgk ARt Rubedind
sealing surface; an energizing ring having a first forcing cone and a

second1ﬁ©ﬁmﬁﬁgeﬁameﬂ%§ach forcing cone being an annular ring having an
i nner and an outer sloped surface, the inner and outer sloped
a stationary ring having surfaces for transferring axial force to the second inner and second

outer sealing rings; and

wherein moving the axially moveable ring from a first axial position to a second axial

position causes

(a) the first inner and outer sealing rings to move from a first sealing ring position to
a second sealing ring position relative to the first forcing cone, the sloped surfaces of the first
forcing cone spreading the first inner and outer sealing rings radially apart as the first inner

and outer sealing rings move to the second axial position;

(b) the energizing ring to move from a first energizing ring position to a second
energizing ring position, thereby moving the second forcing cone axially from a first position
to a second position relative to the second inner and outer sealing rings, the sloped surfaces of
the second forcing cone spreading the second inner and outer sealing rings radially apart as

the second forcing cone moves from the first position to the second position.

3. The apparatus according to claim 2, wherein the first and second forcing cones each
have a bulbous point, the bulbous point having a wider cross section than the tip or a base of

the forcing cones.
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surfaces diverging fromeach other froma tip of each forcing cone to a

w de point of each forcing cone, the forcing cones protruding in opposite
di rect i onsof2zoamosssbody of the energizing ring, the firstcrarseing3cene

| ocated radially between the first inner and outer sealing rings and the
second forcing cone | ocated radiall etween the second i nner and quter

seal i ndgtri ngs pRIRYS A ding e sl M%@r%mer}gn%ﬁadguw apdar sgaling rings
transferLjRg@xial force to the first inner and first outer sealing rings;
a stationary ring having surfaces for transferring axial force to the
second 4 nner. r INQLLNgS; ' A .axially
nnveabf% ri6g%3&8%§§8?€?§?ﬁ§Q9g?ﬁ%SE??FgﬁgﬁgEggggﬁgﬁgﬁgﬁﬁhIn%%%ﬂ%ﬂ%Hgﬁauses
(a) theffridgsd, chdtn@parated byldnelof 8 palrhlig of kh@sed.0 nove froma first sealing
ring position to a second sealing ring position relative to the first

forci ng. conephetdppashiRReebratkltaeRim 8f flrther EdmhSisiAacinng leened R eadi sig t he
first inner and outer sealing rings radially apart as the first inner and
out er sdahg plgralibhefserapves. the inliebeiag o nelfltenmeti! thastheisepling(thigst he ener gi zi ng
ring to nove froma first energizing ring position to a second energi zi ng
ring podkitidrhe apreraty acawding tb hdaige @ovdicfan dhogeamdeinast and wedandnowerf i r st
position to a ?econd p si%ion relative to the Sﬁgond i.nn @ 3 d outer

seal i ng"PIRpS% ‘Pﬁe“%%socg’e’a" SUPYGLRE Kial fECBoRECT 81?66%@‘? e §preddieng t he
second ffgner and outer sealing rings radially apart as the second forcing
cone noves fromthe first position to the second position. 3. The apparatus
accordigqng t |.al I fHi i have
= bul bods. poy TP Rae o o s 2 A i RROR O SRR YR, e
tip or tabWasmewmbert dvel dnoinoémigbalonesmber Jinscappahatogsted eadimdiheguta tebeam 2,

wher ei n thg innet and outer annul ar sealing rings ar talljc. 5 . The

appar at ST AR B e IG: P SE RIS [QgRlsr e DS <Soaforgn di pabed Lol inae

pl ur al idnMular sealing rings form a seal against an outer diameter of the inner tubular member when
the energizing ring is in the second energizing ring position and wherein the first and second
outer annular sealing rings form a seal against an inner diameter of the outer tubular member

when the energizing ring is in the second energizing ring position.

9. The apparatus according to claim 8, wherein the stationary ring is seated against a

shoulder on the inner tubular member.

10.  The apparatus according to claim 2, wherein the first inner and outer sealing rings
move an axial distance that is greater than an axial distance between the first axial position

and the second axial position of the energizing ring.
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of ridges, each separated by one of a plurality of grooves. 6. The
apparatus according to claimb5, further conprising an inlay |ocated in at

| east onewofotimes4siiural ity of grooves, the inlay being acsafscew/ossbal t han
the sealing rings. 7. The apparatus according to claim2, wherein the

second jinner and second outer annul ar sealing rings do not nove in an axi al
directildn with %BRERYS 208 ByMinge sadr Bty rely 1ok gndgoutsh byl amgbersa ficor di ng

to cl aigZmhehsliGinbhe wel I bore menbers conprise an outer tubular nenber
and anzgkner tugﬁrar%henber concentrically located within the outer tubular

nenber to deJﬁthﬁl ﬁmﬁ%?gjﬁ?ﬂlg‘égﬁgﬁé&}ﬁlﬁ%g%tb%qﬁﬁlg%égébet ween, wherein the first

and second inner ann for | agai nst an outer
di aneter of the inner tuhul ar. nmepber when the energizinhg, ri is in the
Second ener IIRST P1RG BOLE TBATAAd YiRar apise crue i e Gdns dfekoBl

annul arsepaleli g anl @81k @8N (Ae SFFr iAEERIsBAIngAD pouiRIncdit@MBrneh s&fl alhiastot er
t ubul ar nenber when the energizing ring is in the second energizing ring

posi t i ontergliamier efghamaeuabalee srcaibayancothe luapeh @lerwhdmg lip poseiosicd (o gy y
i i i . i t 1 T
ring s S%gﬁé&%ﬂls?%g{ﬁ?% dlg?%??ngggl%\rﬂ%lge? glﬁﬁr{ﬁatrlhngé}]f%er uz{n%éalpgg%% ar u?de rm%e

appar atus actordin iTsT I nn out¥er sedal i ng
ri ngs mpavieuding asimathe diygt ance that is greater than an axial distance between

the first axial position and the second axial position of the energizing

ring.11. An ApRadrahHs §@ling AlpThi® a@lowRR! oudgt YRaBRAS [N EXteifly AbrBfrorth Udtdl ar
menbers, the apparatus conprising: a netal annular sealing ring conprising

a body saparited byaan amppler giunribe lovecniinngy skalingdiipesitianspde fom escd agpingign i p
ext endi ng. tHS! L AW g{% ?%ﬁfa?&%%b‘%y A na1 vlvj‘%re})rut&%g ik g&’sﬂ Onedl 'E'(??rr
teO orm eaf‘ aga an OU% EIg CR ne ({ ﬁle

. O
seallngullp positione as Ins er o

i nner  tadedl &fainke b @incBdinicie ofpiResuteUiubiilas 8hibog ahil @ @6t Arindne Guide ingyr m a
seal against an inner dianeter of the outer tubular nmenber, and an upper

annul arPrefgidies fromdhpe®r udi ng from the gap;

an axially moveable ring having a moveable inner and a moveable outer energizing

ring;
a stationary ring having a stationary inner and a stationary outer energizing ring;

wherein axial movement of the axially moveable ring, from a first position to a
second position, axially moves the annular sealing ring a distance less than the axial distance
traveled by the axially moveable ring between the first position to the second position, and
wherein the moveable energizing rings spread apart the upper inner and outer sealing lips
from each other and the stationary energizing rings spread apart the lower inner and outer

sealing lips from each other.

12. The apparatus according to claim 11, wherein the moveable inner and outer
energizing rings define a u-shaped channel and at least a portion of the upper annular guide

ring is positioned in the u-shaped channel.

13.  The apparatus according to claim 12, further comprising a barb located on the axially
moveable guide ring and catch located on the annular guide ring, wherein the catch engages

the barb in the first position.

14.  The apparatus according to claim 11, wherein the sealing lips comprise a plurality of

ridges, each separated by one of a plurality of grooves.
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a lower inner sealing lip and a |ower outer sealing |lip extending therefrom
and separated by an annular gap, the lower inner sealing lip positioned to
form a seab 2agaiosustt an out er di aneter of the inner tubulpar/usesomsdsand t he

| ower outer sealing |lip positioned to forma seal against an inner dianeter
of the outer_tubular menber, and a | ower annul ar guide ring protruding from
the gapt’ an B BPPRUARFEAINNE 10 Hyinhadi vgthel cRIVRIRHISRAT HHer logagd dn %&@atm e

out er  eneIgizd figrality ek ahé BRY Meikd A 1] (Rarsth@tdainghips| Nner and a
stati oﬁglr%)? olﬂeltﬂe}?raelr?g%gglrg?\%é’ r%ng%r%ﬁ%eé e%ﬁ!ﬁﬁég@ rmve?r%énat gfh¥’tS he axially
noveabl e ri r [ Skl on,t ; : [t Lal ves

t he anhﬁ%arngga%nghgf%BBQ@J %&%%%%Tbégggpﬁgﬁgg 88%§#§k% Fgggﬁﬁgé%?ﬁgﬁled
by t he shwildbd Ipcated e@theaniidr mgbubatm@satert he first position to the second
position, and wherein the noveabl e energi zing rings spread apart the upper

i nner aryd outiRrapp@dlisigcdriRg tb cRieacWhetehethe AN il A tradrhirahy (&NBL&H zi ng
rings spread apart the lower inner and outer sealing |ips fromeach other.

12. Theulgpanwmpst fee coafadrieadlyclogited 1and dpfence p nhausmgnavades focatedethernd

out er [ Ol Z] i fi h . portion of
he. uppar i bigel BO Rt ek S A ARER IS Pl R sl BB 137 e
apparatus according to claim 12, further conprising a barb |located on the
axi ally noveabl e guide ring and catch | ocated on the annul ar guide ring,
wherein the catch engages the barb in the first position. 14. The apparatus
according to claim 11, wherein the sealing lips conprise a plurality of

ri dges, each separated by one of a plurality of grooves.15. The apparatus
according to claim 14, further conprising an inlay |located in at |east one
of the plurality of grooves, the inlay being a softer netal than the
sealing lips. 16. The apparatus according to claim1ll, wherein the
stationary ring is seated agai nst a shoul der |ocated on the inner tubul ar
menber .
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17. The apparatus according to claim21l, wherein the outer tubular nenber
and the inner tubular nmenber are concentrically |located and define a
housi ng awmoubusok4scat ed t here between, wherein the netalPcarusadianisieal i ng
ring is located within the housing annul us.18. An apparatus for sealing
bet ween inner and outer tubul ar nenbers, the apparatus conprising: a netal
annul arl8sealMh@PParays dBhpialiee Mytuclodyehald Aylchuiuemembes; Hg 2P 34¥d an
outer sg 1E,@ri@glglip extendi ng therefrom and separated by an annul ar gap, the
inner sealing”lip positioned to forma seal against an outer dianeter of
the inner t I e seal ing . 0S]. L] o farma
seal againsgpgﬁéqﬁﬁﬁggg%gﬁg 5#26¥8#2§h%h$298¥%%hhgﬁﬂﬁéﬁ%g%?ﬁ%%hﬁggd?%ing
ri ng haxitergealingalim vk@nidih@ tieirefgora @ne sppaviited Gy @ dnehekamthe thier tailidgngp cone
bei ng an annul ar ring having an inner and an aquter sloped surface, the

i nner  AP8IUGDEGI0 @rraﬁeﬁéls%a@gb@b%r%@a@mg of thrisa dppubrTHRSMPE SR AN 9t o a
wi de p%:eaﬁnggquq %c%ﬁiJn%&? GO e}g%ggg %@{nﬁbﬁﬁa OREof @E %ﬁ%ﬁj‘fdbﬂga'r Hdnphehet ween

the sealin an el ast oneri ocated i n an annular groove on the
energi zing rjng, 1t t rjpc I [ tilone . i nst one
of °t he t upurar Serdifife SrB3LETE LEunitRl AR [ ARGHAE ML AR e FITC,
vent pasaadeingaviangulr ting Shvidpeni inger| addaihestdred spednutfie, iti@heand euter
sealing |lips and a second opening |ocated on an exteriaqr surface of the

ener gi 21Mgd sereces iy csyag dgnhgrehtother Jrang AdIPf g racvids nosn ©f thegforarpg catisp Hicat us
accor difﬂ&h{cgﬁco%%éﬂe]cﬁgdi 7 B&W%erﬁ {h«% Sé?ﬁ{,ﬂjlﬂgfl ips conprise a plurality of
a plurali

ri dges, ea separate one o0 y of grooves. 20. The apparatus
according tao_clai t.her. i Si inlay lopcated .in at. | east one
of “the pbur at ¢GoTIegs otiL 08 R IBER el Ny (BE TR P alingn B

seal i ngldstqsericktal pRRioAPP e RS s3glceQaBisNEheto? tied @bilad BembbSl &id1 a surface of
the body is seated against a shoulder | ocated on one of the inner tubul ar

nenbers. a vent passage through the forcing cone, the vent passage having a first opening

located between the inner and outer sealing lips and a second opening located on an exterior

surface of the energizing ring and spaced apart from the forcing cone.

19.  The apparatus according to claim 18, wherein the sealing lips comprise a plurality of

ridges, each separated by one of a plurality of grooves.

20.  The apparatus according to claim 19, further comprising an inlay located in at least

one of the plurality of grooves, the inlay being a softer metal than the sealing lips.

21.  The apparatus according to claim 18, wherein a surface of the body is seated against a

shoulder located on one of the inner tubular members.
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