SYSTEM METHOD, AND APPARATUS FOR ENERG ZABLE METAL
SEALS I N WVELL HEADS Background of the Invention 1.
Technical Field [0001] The present invention relates
in general to wellhead assenblies and, in particular,
to an inproved system nethod, and apparatus for
formng a netal seal between inner and outer well head
menbers. 2. Description of the Related Art 10002] As
shown in Figure 1, seals 11 are used between inner and
outer wellhead tubular nenbers 13, 15 to contain
internal well pressure. The inner well head nenber may

be a tubi ngSYSTEM, MEBHODY AND APPARATUSIBORS t ubi ng

ext endi NJENMRGIZABIVMEMET A, SEAE.STINOWRSL HEA®SCt | on
fluid. The tubing hanger lands in an outer well head

menber, which may be a wel | head housing, a Christnas

tree, or tubing h%@l&grﬁuﬂd‘ﬁf(ﬁ@f{nﬁnﬁs&m seal s between
t he tubi ng hanger and the outer well head nenber.

Al ter padilical Flefte 1 nner wel | head nenber m ght be a
casi ng hanger located in a well head housi ng and

i\qﬁmr 30 *pﬁaséht Shidnfign Qflae@Sh REn@Nt tbndzbmgaad ratsszntbhes wsd, lin
or packoff seals in the annul ar

Ph@c%lafs ihen ﬁmgﬁd (Fiems et 2 BB & a"mng & et Seal

between inner and outer wellhead members.

2. Description of the Related Art

[0002] As shown in Figure 1, seals 11 are used between inner and outer wellhead
tubular members 13, 15 to contain internal well pressure. The inner wellhead
member may be a tubing hanger that supports a string of tubing extending into the
well for the flow of production fluid. The tubing hanger lands in an outer wellhead
member, which may be a wellhead housing, a Christmas tree, or tubing head. A
packoff or seal seals between the tubing hanger and the outer wellhead member.
Alternately, the inner wellhead member might be a casing hanger located in a
wellhead housing and secured to a string of casing extending into the well. A seal or

packoff seals in the annular space between the casing hanger and the wellhead

housing.

[0003] A variety of seals of this nature have been employed in the prior art. Prior
art seals include elastomeric seals 17 (see, e.g., Figure 2) and partially metal anti-
extrusion rings backing up elastomeric seal rings. Prior art seal rings made entirely
of metal for forming metal-to-metal seals are also employed. The seals may be set
by a running tool, or they may be set in response to the weight of the string of casing
or tubing. One type of prior art metal-to-metal seal 19 (se, e.g., Figure 3) has a U-

shaped cross-sectional shape with inner and outer walls separated by a conical slot.
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[0003] A variety of seals of this nature have been
enployed in the prior art. Prior art seals include

el astonmeric seals 17 (see, e.g., Figure 2) and
partially nmetal anti-extrusion rings backing up

el astoneric seal rings. Prior art seal rings made
entirely of netal for formng netal-to-netal seals are
al so enpl oyed. The seals nay be set by a running tool,
or they may be set in response to the weight of the
string of casing or tubing. One type of prior art
netal-to nmetal seal 19 (see, e.g., Figure 3) has a
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sisivraRytheseal HealNVENTI ON [ 0005] One enbodi ment of a
system nethod, and apparatus for sealing between
i nner and outer well nenbers utilizes a bi-directional
metal seal that SUMMARY(OFIHBINVENIAON gi zed by a
rolling action that takes place between radi used sea
lips. The seal forns an assenbly with upper and | ower
E00B5p OBt BEbodingst ofTé eyseme rmyethody gnd iappasatus for sealing between

inner and outer well members utilizes a bi-directional metal seal that is energized

and un-energized by a rolling action that takes place between radiused seal lips. The

seal forms an assembly with upper and lower energizing rings. The energizing rings
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have opposing grooves on the o.d. and i.d. for
engagi ng hook ends on the inner surfitces of the sea
lips in a nesting arrangenent when the seal is in the
un-energi zed position. Wien the upper ring is pulled
upward, the seal is un-energized and does not contact
t he adj acent conductors or well head nenbers. \Wen the
upper ring is forced dowward, the hooks ends in the
seal's inner cavity are forced out of the grooves of
the energizing ring (i.e., nmoving fromthe thinnest
section of the energizing ring, out to the thickest
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[0008] Figure 1 is a sectional side view of a
convent i ona BRIEF RESCREITION OFSEHE RRAWINGS009] Fi gure
2 is an enl arged sectional side view of one type of
prior art seal assenbly for the well head assenbly of
[fOE7Y So khat the manner in which the features and advantages of the present

I

invention, which will become apparent, are attained and can be understood in more
detail, a more particular description of the invention briefly summarized above may
be had by reference to the embodiments thereof that are illustrated in the appended
drawings which form a part of this specification. It is to be noted, however, that the
drawings illustrate only some embodiments of the invention and therefore are not to
be considered limiting of its scope as the invention may admit to other equally

effective embodiments.

[0008] Figui'e 1 is a sectional side view of a conventional surface_ wellhead

assembly;



[0010] Figure 3 is an enlarged sectional side view of
anot her type of prior art seal assenbly for the
wel | head assenbly of Figure 1; [0011] Figure 4 is an
enl arged sectional side view of one enbodi ment of a
seal assenbly for a well head assenbly shown in an
un-energi zed position and is constructed in accordance
with the invention; [0012] Figure 5 is a further

enl arged sectional side view of the seal assenbly of
Figure 4 in the un-energi zed position and is
constructed in accordance with the invention; [0013]
Figure 6 is an enlarged sectional side view of the
seal assenbly of Figure 4 shown [n an ener

<3

; [ d
§909} Fighren s 8 calsrads el PHE SiemopHaRfoBPaof friphar seal
LSBT 1 the WOHLAT adsbfblyRf Figuve & furt her enl ar ged

secti1 onal side view of "'the seal assenbly of Figure 6
in the energized position and is constructed in

RAABY FRUFE3 W ddlerdifed RUEHI Qe vRRbHAARS] yd GRfirfor Breiseal

ged sectio side view of an alternate
essbotlyferthe wellhead assemblypf Figare tal assenbly, shown in
the un-energi zed position, and is constructed in
accordance with the invention.
[0011] Figure 4 is an enlarged sectional side view of one embodiment of a seal

assembly for a wellhead assembly shown in an un-energized position and is

constructed in accordance with the invention;

[0012] Figure 5 is a further enlarged sectional side view of the seal assembly of

Figure 4 in the un-energized position and is constructed in accordance with the

invention;

[0013] Figure 6 is an enlarged sectional side view of the seal assembly of Figure 4

shown in an energized position and is constructed in accordance with the invention;

[0014] Figure 7 is a further enlarged sectional side view of the seal assembly of

Figure 6 in the energized position and is constructed in accordance with the

invention; and

[0015] Figure 8 is an enlarged sectional side view of an alternate embodiment for
actuating the seal assembly, shown in the un-energized position, and is constructed

in accordance with the invention.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0016] Referring
to Figures 4-7, one enbodi nent of system nethod, and
apparatus for formng a nmetal well head seal assenbly
bet ween i nner and outer well head nenbers is disclosed.
The wel | head seal assenbly 31 is |located in an annul ar
space or annulus 32 (Figure 4) that is radially

bet ween a set of co-axial wellhead nenbers 33, 35. A
radi al | y-novabl e menber 37 is |ocated in and extends

t hrough outer well head nmenber 35 for actuating the
wel | head seal assenbly 31 between an engaged or

ener gi zed HRFRTLEH HESCRIFAION OFAHE INVENTIORNgaged or
un-energi zed position (Figures 4 and 5). [0017] The

wel | head seal asseng 31 conpri ses at | east on sea
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[0020] As best shown in Figure 7, each set of the
inner and outer walls 43, 45 of the seal ring 41

term nates in seal |ips having recessed edges 44,
form ng hooks that extend along interior surfaces

t hereof. Each energizing ring 61 has inner and outer
surfaces that are generally concave in cross-sectiona
shape. I n one enbodi ment, each inner and outer surface
conpri ses external grooves 71 that engage and mate
with respective ones of the recessed edges 44 in a
nesting configuration in the unenergi 7ed position.
HQ%%qgca?é&' Heteén Qﬁiaﬁ* thiral ?drﬁ&lsfo s8d1 eRYEEes1 £id the surfaces of
neck 73 on a proxinmal end thereof, a hooked feature 75
e wielthead mpmbergi33.88r eof , with the groove 71 forning

t he concave cross-sectional shape between the proxi mal
and distal ends. In the energized position, the dista|
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di stal ends e o1 0] 17} LN0S - axd ad b Vel
ShFRPingy R Bl o TR Y Pl Tt s
dsdooiated twith omeneff theseks ofiirer wad butert 9ally43,o45. t oy example, in

I, 1. th i.zed ' '
bR ol b e BTGP SRS BBy b Bgtlepl sy e
RiglcamdéE atengigiag irige 63,06dkandi dne doebltendsl ehérgizing deg thare

i nner and outer. wal l.s 43, 45 of .the se ri
B e SBREHIGHED! G HPET Gre0E R o AShadifey 67 for
4Kkding E}%@é&ﬁe;n}_mhirﬁuiﬂ[y-ﬂﬁﬁhbmmaﬁba 37f addsweafenepering rng e
rings 61 slidingly engage the_ inner and outer walls.
43 located g gy @rthpganal ﬂhf’“? r 6R cfoun °Pi‘H§ §“§i SBt-f?“xRe‘éfﬁm“e’
QQ? ERGhGEg3 pOsi tion wherein the inner and outer
wa Ps 43, 45 elastically deforminto bi-directiona
seal i ng engagenent with the inner and outer well head
’ in! | bitérGtalls UBL4S of th

Hﬁ%@FAgk gﬁﬁgyndg'quﬁ%?h%g%g?hégg?ﬁgfnt 41 ao nof) ©
fseal ming 4letetmibatesvizeseat lips havingr repgssecoedesy 4geformpig fiooks that
menbers 33, 35. [ Jj £1 Ofh,
ERRE o gty sytbed BrsBE R AhRGeDAN e hds e BRY outer
Qludaes that drecgenaraly corveves madrodsispetianal shaps. &r oumembediment,
radi al outward diyection, rather
SRR S B P L ekl 7] o ShoagBald ma
gﬁﬂl%spégﬂi\‘ehﬁﬂﬁ lof'ﬂﬁb@cfeﬁsea fﬁggelif:?m ihGORAfindRefméiguiation mothe wwo-

I gure,8, . an t er pat.e. enpbagl nent for actyatin
sustEgd ey SoeSebpHabeen Aot ket | 44 AR ona
AR el ARFEoR @Sobk A FeatTiR TS WRARETistAl kAl GicZdofgvith thggBave Bl
provided with a circunferentjal, r dlal%%ﬂIQ§§§$§l I
forame:the goaceye crpss-seationahsharn bewen e Ripxipl and digiabds In
Q%Véglég‘?z [l'tpggﬁgé thd dista&ds BPaMIsER Rings Ehdage fHe retks 73 and the
threadad o

and reacts in response to inner %ellheag

isteb ends3sf thesenctgizing rimgsf] abgt axdallysiteripnpogtions of fhesyloty g4 to
i D e. d’ i i i . mﬂ’ In th -
ety 0 GRS SRS 4074 45 g o e
eacrizized positionethk distah gudsdf theo@al rings B sedt wethy gragxes Bleand the

h rgi ze -ener gi it ] {2b
St SRl TRRGE L P OB R BB 8o
diessenli g 41 ® eminyths emsegigihg kihgs 6loinriss infernad Howsl4d. be
apparent to those skilled in the art that it is not so
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1. A well head seal assenbly for sealing between inner
and outer wel|head menbers, conprising: a sea
ring formed frommetal and having inner and outer
wal | s, each wall having an interior surface separated
fromthe other interior surface, defining a slot, each
wal | having an exterior surface; the seal ring
havi ng an un-energi zed position wherein the interior
surfaces and the exterior surfaces of the walls are
arcuate when viewed in a cross-sectional view and

an energizing ring forned fromnetal and having inner

21 Pehe inneM bdP68Er bltRlesPbLed eggiﬁhg? dink# 61 rmmgzyt ergagk the
|y engage the inner qut

h
mmg atng optsy avallp 43 Aaenf the dﬂQS%f*é rin{h¢ |s‘!‘§a{?tr31g§ : Segﬁ
ou%gl%é%sftﬁea kén‘i‘ Qleexﬁﬁgi‘gﬁ%ﬁ&r Whiid43, g e'laféﬁ&illy&ﬁﬂ)rm into

uter \ mbers. . A vell'head seal assenbly
hi diowctiown seabing Ieagagementww& tierinnes and outer Wetaragi meaders 33,
Skt I
85514 QbR L2, AESE1 16 ey i o
et frinos sauh Beiweb rtlneomnsruarfdaclésr wellliend members 3l 15. afrethe

par al | th h
RRieBiee Rty RS BbY BF seat inef dlare 1620 9i6br BROEKHn
Qttoeés Maluﬁng)ihgt deal lspeab roll mgundemm mdtaboutwasb@tecump gather
avl n ecesse
kS o s DR 2 s”a%?i.%%s ol 1, o

wellhead members 33, 3s.

[0022] Referring now to Figure 8, an alternate embodiment for actuating the seal
assembly is depicted with the seal in the un-energized position. The upper
energizing ring 81 is provided with a circumferential, radially internal flange 83 that
is mechanically coupled to an axially movable ring 85. In one embodiment, ring 85
is threaded to and reacts in response to inner wellhead member 33 as shown. Ring
85 is used to axially stroke (i.e., push and retract) energizing ring 81 and, thereby,
the other energizing rings 87, 89 to manipulate seal rings 91, 93, respectively,

between the energized and un-energized positions as described herein.

[0023] While the invention has been shown or described in only some of its forms,
it should be apparent to those skilled in the art that it is not so limited, but is

susceptible to various changes without departing from the scope of the invention.



grooves that engage the recessed edges in a nesting
configuration in the unenergi zed position. 4. A
wel | head seal assenbly according to claim 3, wherein,
the inner and outer surfaces of the energizing ring
have cylindrical portions beginning at the grooves

that sliding engage the seal |ips when noving fromthe
un-energi zed to the ener gipzggggosition, forcing the
seal lips apart fromeach other to nove the inner and

outer walls against the inner and outer well head
menbers. 5. A well head seal assenbly according to
claiml1, wherein the seal ring has a base, opposit.e

i st Al wllhead sal assemblyor seaasdetisen janer and Qi i
un-energi zed position, the seal ring has a radial

mgindets, earaprising! from t he exterior surface of the inner
wall to the exterior surface of the outer wall at the
bas ea séuhing SormedSrdnh aretd tand having amee aiddwepwalis, each wall
bet ween the base and the distal ends. 6. A well head

hBERY arP OGRS fACGEp4hiRE fiotn fhleiBr Intethieubfale, dBEningalslot,
ring conprises a bi-directional nmetal seal having

ea%BRX?a[lll?aQ/ﬂl &V&l‘ter%rgﬁtsfaéeor engagi ng upper and | ower
enerdi zin rngs,

respettively, the seal ring having a

general ly fiqure eight configuration in ¢ross-secti.on

whi | teisrdling g Ay s v RSP athesfin thephtegor Surfacds

wel | head seal assenbly according to claim11, wherein
and-the iextgaier tacenaiche wialls areascusic when WRwed iz Fgsysasgonal

have concentric, cylindrical portions, and when the
vieweand zing ring is actuated to the energi zed position,

the cylindrical portions engage distal ends of the

I NNejn andgiotmpeingWeinhéd Rbmtrh@alsédlhatingdnner and outer surfaces

that are located in the slot and slidingly engage the inner and outer walls of the seal
ring to move the inner and outer walls to an energized position in sealing

engagement with the inner and outer wellhead members.

2. A wellhead seal assembly according to claim 1, wherein in the un-energized
position, the exterior and interior surfaces of the outer wall are parallel with each
other, and the exterior and interior surfaces of the inner wall are parallel with each

other.

3. A wellhead seal assembly according to claim 1, wherein each of the inner
and outer walls of the seal ring terminate in seal lips having recessed edges

extending along the interior surfaces thereof, and the energizing ring has external



8. A well head seal assenbly according to claiml1,
wherein each of the inner and outer surfaces of the
energi zing ring conprises: a neck on a proxinmal end
thereof; a hooked feature on a distal end thereof; and
a groove form ng a concave cross-sectional shape
2Etmeen the proxi mal and distal ends; wherein, in
i in
B e e B g

abut an ially interior portion of the slot to
e%ffrglgf(?e%ﬁ?ﬁfgp‘deformthe i nner and outer walls of the

seal ring; and in the un-energi zed position, the
di stal ends of the seal ring seat in the grooves and
the hooked features interlock with seal lips |ocated

4on t Rewelihead seahdssembbyr acgarding tofclaipe3, Jesrein, th@mp@r and outer
retain the energi zing nenber in the slot; and the

sel€fces ofthe @nergiziigring avercyhindticalipertionmbéginiieg stghe gtdoaes
un-energi zed and the energi zed positions is elastic.

tHat slﬁimgéx!léagaqle%%l lipSARMhovih® froffak ungnbigi e enthe energized
coaxi al inner and outer well head nmenbers, conpri sing:
position, forcing the seal lips apart from each other to move the inner and outer

walls against the inner and outer wellhead members.

5. A wellhead seal assembly according to claim 1, wherein the seal ring has a
base opposite distal ends of the inner and outer walls, and in the un-energized

position, the seal ring has a radial width measured from the exterior surface of the
inner wall to the exterior surface of the outer wall at the base that is less than at an

intermediate point between the base and the distal ends.

6. A wellhead seal assembly according to claim 1, wherein the seal ring
comprises a bi-directional metal seal having upper and lower slots for engaging
upper and lower energizing rings, respectively, the seal ring having a generally

figure eight configuration in cross-section while in the un-energized configuration.

7. A wellhead seal assembly according to claim 1, wherein the inner and outer

surfaces of the energizing ring have concentric, cylindrical portions, and when the



a seal ring formed fromnetal and having a first set
of inner and outer walls, a second set of inner and
outer walls |located axially opposite the first set,
and both sets of the inner and outer walls are
separated by respective slots, each of the slots
havi ng a generally circular shape in cross-section

el){v\%%‘lPls § Biedto Geth Z%H d8sifbn 1the c&lﬁﬂﬁ&al%%&iéteﬁgage

e the sea r|n IS in an un-‘energi zed

itio et | ng associated with
dﬁgai fi oq‘tﬂﬁeemflfﬁraéjtd Oé‘lt] szl 85%‘6 Sefrﬂgmgg i nner and outer
walls to define a pair of energizing rings, each
formed frommnmetal and having i nner and outer surfaces
that slidingly engage the distal ends of the inner and
8out eA wellliesd sfal assembdlivacsoiding teeclaimal, whergin peahf dhe mper
ener gi zed position wherein the inner and outer walls
aid eutehefuefac@cbfithé encagibingdingeomipoied: seal i ng engagenent
with the inner and outer well head nenbers, and the

un- eRQE GESpRAThAI A thhesrei n the inner and out er
wal | s do not forma seal between the inner and outer

wel | hgggk rgﬁ}g&g ednaégtal (f’\fﬁkllegggﬁﬁseal assenbl y

accordrng to clalm erern sets of the inner
and outer Il.s of the seal ri. veeter

oot Seuove iming 8 catatae Sy staipgel R5q BekFa e progimal and

viewed in a cross-sectional view. 11. A wellhead sea
digtabemdst y according to claim9, wherein each set of the
inner and outer walls of the seal ring termnates in
seal whegein, atheregergired positiondijsisl axds efithersgal aingreggage the
interior surfaces thereof, and each of the energizing

nédkt3d diAS Y 6f the Ien@gﬁmgeﬁng it af agialg iftedaeottiorcofaheslot
of the seal lips in a nesting configuration in the

to%ias@ﬁglﬁy%&ggn RRSihhirRd oLRE wANOBY B BRI, swved when

n a cross-sectional view 12.A well head sea
ass enbt uas:ecr:lgrrggjzleﬁ%om%on, tﬁe 1593% encx\sh oefrtﬁé g‘e‘al ring seat in the

grooves and the hooked features interlock with seal lips located on the inner and
outer walls of the seal ring to retain the energizing member in the slot; and the
deformation of the inner and outer walls between the un-energized and the energized

positions is elastic.

9. A wellhead seal assembly for sealing between coaxial inner and outer
wellhead members, comprising:

a seal ring formed from metal and having a first set of inner and outer walls,
a second set of inner and outer walls located axially opposite the first set, and both

sets of the inner and outer walls are separated by respective slots, each of the slots
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each of the energizing rings has a neck wth
cylindrical surfaces extending fromthe grooves; and
when noved to the energi zed position, the seal |ips
are forced out of the external grooves into engagenent
with the cylindrical surfaces of the neck. 13. A
wel | head seal assenbly according to claim9, wherein

hdyif g g&%ﬁ%m¥cﬂﬁ gﬁ?ﬂi%% RroR St Gion Al mp@ﬁeﬁﬁght Rl ends of

di s " L LSt and secpnd set’'s of” inner and
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than a radial wdth between exterjor. surfaces,of t.he
firsn §I&rg%mgiqﬂ$é\88%ﬁl?ée%§ttgtea ?f{tée ﬁ’fstén 3icArd set of thier
internedi ate the base and the distal ends of the first
argboutefwillsrte definela pair ef enqagiviog rings, eachéirmed sy mgtal and
assenbly according to claim9, wherein: the seal ring
hiasg Aanbear duwaraudlcs’ gt dlidinglytenpagobe distdl endl aftthé inmmdaend
of the first and second sets of inner and outer walls;
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have substantially constant thicknesses fromthe base
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di stal end thereof, and a groove form ng a curved
ansoowsenmealsrdosnnt Seran # sahbetyies therjnnerang 01&%@ wisHbgad raembgrg
di stal ends of the energizing rings, wherein, in the
energi zed position, the distal ends of the seal rings
engage the necks, and, in the un-energized position,

16.he AiwdHea®bshS aibmbhieaceeding totlm 9, wherein both sets of the

inner and outer walls of the seal ring have exterior surfaces that are generally

circular in shape when viewed in a cross-sectional view.

11. A wellhead seal assembly according to claim 9, wherein each set of the inner
and outer walls of the seal ring terminates in seal lips having recessed edges
extending along interior surfaces thereof, and each of the energizing rings has
external grooves that engage respective ones of the seal lips in a nesting
configuration in the un-energized position, the grooves being curved when viewed in

a cross-sectional view.

12. A wellhead seal assembly according to claim 11, wherein:

11



seat in the grooves and the hooked features interl ock
wth seal lips |located on the inner and outer walls of
the seal rings to retain the energizing rings in the
slots. 16. A wel | head assenbly, conprising: inner and
outer wel |l head nenbers havi ng an annul us therebet ween,;
a wel | head seal assenbly |ocated in the annulus and
havi penaF iR érergisi gﬂ’fn' $h&l93 neck with &/1RIHER stificel ex¥RdiAk
seal rings, eaéﬁ V|§g a first set” of inner and outer

ﬁwaugs, a second set of inner and outer walls |ocated
B F|8§P gﬁ%ggfite the first set, and both sets of the

i nner _and outer wal |l s, are separat ed respective

sl ot ¥hemEongd fothg spereized Pﬂ%lrlgfettﬁ%%@} s &ré %‘?rﬁ%f oyt of the

and outer walls of each set having an exterior surface
exthral gronvesxintp engagassent with the elylindsicaleswefages od tharneeknal

end of each of the inner and outer walls while in an
18inenarwelitrdd seull assembdheagbakink padaiti Yrwhepdia diensgalaring has a

m dpoi nt of the exterior surface of the inner walls

bade R Bididtaht bBSyveaX ke diftaNerB BT HeTREt MdlsbéA sefs of et BIET
wal I's, and placing a m dpoint of the exterior surfaces

S
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y ér portion o wa

| ural.i f metal, energizing rings ach _.hei .
e ifindebea BB B SLAPITriIGL SUHERS 8 OIS syt inmer
ring having inner and outer surfaces that slidin%Iy
ancherigewalirat arpeint intermestiate theese andsthe dital epdy of they fipsh get of
seal rings when noving to the energized position
inneearel outérheallsi dpoi nts of the inner and outer walls are
in sealing engagenent with the inner and outer
wel | head nenbers.

14. A wellhead seal assembly according to claim 9, wherein: the seal ring has a
base located equidistant between the distal ends of the first and second sets of inner
and outer walls; and the first and second sets of inner and outer walls have

substantially constant thicknesses from the base to the distal ends.

15. A wellhead seal assembly according to claim 9, wherein each of the inner
and outer surfaces of the energizing rings comprises a neck on a proximal end
thereof, a hooked feature on a distal end thereof, and a groove forming a curved
concave cross-sectional shape between the proximal and distal ends of the
energizing rings, wherein, in the energized position, the distal ends of the seal rings

engage the necks, and, in the un-energized position, the distal ends of the seal rings

12



17. A wel | head assenbly according to claim 16, wherein
each of the inner and outer walls of the seal rings
has interior surfaces that are parallel with the
exterior surfaces. 18. A well head assenbly according
to claim16, wherein: each set of the inner and
outer walls of the seal rings termnates in seal |ips

sORY) 19 é‘i‘&ﬁ%§ %@?x‘é%@ o EIhEIRG iRQ18EIOREN isB bk Rcated on the
a . an

surtaces thereo each of the energizing rings has
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un-energi zed position; in the energized position,
the seal lips are forced out of the external grooves
causing the seal lips to expand both sets of the inner

land duwellhead absemblaicasprising: innereandapugerovallbeadmapmbers daving
menbers; and the grooves are curved when viewed in a

a6 bnsdusteteberwglenyi ew.  19. A wel | head assenbly
according to claim 16, wherein, in the un-energized
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that is greater between the m dpoints than at any

. portion of the seal rings. 20. A wellhead
°§§§§%B$y according to claim16, wherein each of the

i nner and.outer surfaces of. the en I Zj rin
compAFLEEIS o Tk S pPh AV RE AT A L 20 per walls,
surfaces on a proximl_ end thereof, a hooked feature
agecond getsafannesaad phtsr wells loga'ed axighy epRosite the Figt seheand both
concave cross-sectional shape between the proxi mal and
seth of thle imret and viter walls arie sepdrateé hyg respeaiyesbs facimg,in opposite
di stal ends of the seal rings engage
directions;
the inner and outer walls of each set having an exterior surface that convexly
curves from a distal end to a proximal end of each of the inner and outer walls while
in an unenergized and an energized position, placing a midpoint of the exterior
surface of the inner walls closer to the axis than any other portion of the inner walls,
and placing a midpoint of the exterior surfaces of the outer walls farther outward
from the axis than any other portion of the outer walls; and
a plurality of metal energizing rings, each being associated with one of seal
rings, each energizing ring having inner and outer surfaces that slidingly engage the
inner and outer walls of the slots in the seal rings when moving to the energized

position wherein the midpoints of the inner and outer walls are in sealing

engagement with the inner and outer wellhead members.
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the cylindrical inner and outer surfaces of the necks
and distal ends of the energizing rings abut axially

interior portions of the slots to elastically deform
the inner and outer walls of the seal rings, and, in

t he un-energi zed position, the distal ends of the sea
rings seat in the grooves and the hooked features

17ntery lekhé%talé‘seﬁﬁﬂ‘il aédop(ﬁné fRrahiad1 @ Rwiidiéin lefdhest th@Fhner and
outer walls of the seal rings to retain the energizing
o{l{ep @1l Bt il Sedl lrﬁ’ltg§ has interior surfaces that are parallel with the exterior

surfaces.

18. A wellhead assembly according to claim 16, wherein:

each set of the inner and outer walls of the seal rings terminates in seal lips
having recessed edges extending along interior surfaces thereof, and each of the
energizing rings has external grooves that engage respective ones of the recessed
edges in a nesting configuration in the un-energized position;

in the energized position, the seal lips are forced out of the external grooves
causing the seal lips to expand both sets of the inner and outer walls against the
inner and outer wellhead members; and the grooves are curved when viewed in a

cross-sectional view.

19. A wellhead assembly according to claim 16, wherein, in the un-energized
position, each of the seal rings has a radial width that is greater between the

midpoints than at any other portion of the seal rings.

20. A wellhead assembly according to claim 16, wherein each of the inner and
outer surfaces of the energizing rings comprises a neck having cylindrical inner and
outer surfaces on a proximal end thereof, a hooked feature on a distal end thereof,
and a groove forming the concave cross-sectional shape between the proximal and

distal ends, wherein, in the energized position, distal ends of the seal rings engage
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the cylindrical inner and outer surfaces of the necks and distal ends of the energizing
rings abut axially interior portions of the slots to elastically deform the inner and
outer walls of the seal rings, and, in the un-energized position, the distal ends of the
seal rings seat in the grooves and the hooked features interlock with seal lips located
on the inner and outer walls of the seal rings to retain the energizing rings in the

slots.
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