SYSTEM METHOD, AND APPARATUS FOR ENERG ZABLE METAL
SEALS I N WVELL HEADS Background of the Invention 1.
Technical Field [0001] The present invention rel ates
in general to well head 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 [0002] As
shown in Figure 1, seals 11 are used between inner and
outer wellhead tubular nmenbers 13, 15 to contain

i nternal WSYSTEMIMETHOP ANDAPPARATHSHOR erber nmay
be a t ubBENERGIABLEMETAIpSBALS BN SYELhdIBADSubI ng
extending into the well for the flow of production
fluid. The tubing hanger lands in an outer well head

nenber, which nayBidkgrowrd bhdednbaitioong, a Chri st mas
tree, or tubing head. A packoff or seal seals between

1.t he +idpnf@l Psi@er and the outer well head nenber.
Al'ternately, the inner wellhead nenber mght be a
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to a string of casi extending into the well.
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t he casi ng_ han t he. wel | head housing. [0003] A
e\t,\gq:qnetpsger dou HF“ 21(21f1”|“§’mh%f§ure have been enpl oyed in
the prior art. Prlor art seals include elastomeric
seals 17 (see, e.g., Figure 2) and partially netal

2 ant 'Des%é&rhﬁﬁ' Jk&gfedb&‘ﬁk' ng up el astoneric seal

seal rings nmade entirely of netal

or,ni.n t al - t I l.
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mgnamlsxlernn%ay 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 (see, e.g., Figure 3) has a U-

shaped cross-sectional shape with inner and outer walls separated by a conical slot.



or tubing. One type of prior art nmetal-to-netal sea

19 (see, e.g., Figure 3) has a U shaped

cross-sectional shape with inner and outer walls

separated by a conical slot. 1 An energizing ring 21

IS pushed into the slot to deformthe inner and outer

walls apart into sealing engagenent with the inner

and outer wellhead menbers 13, 15. The energizing

ring is a solid wedge-shaped nenber. The defornmation

of the inner and outer walls exceeds the yield
Astenelggztilhg dhg Nds rmrslmdi iato e sdlotetosdefiorm theginneridneutenwalls
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ermal transients may
mating surfaces, then sealing forces may be reduced if there is movement in the

axial direction due to pressure or thermal effects. A reduction in axial force on the
energizing ring results in a reduction in the radial inward and outward forces on the
inner and outer walls of the seal ring, which may cause the seal to leak. A loss of
radial loading between the seal and its mating surfaces due to thermal transients may

also cause the seal to leak.
SUMMARY OF THE INVENTION

[0005] One embodiment of a system, method, and apparatus 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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al so cause the seal to | eak. SUMVARY OF THE | NVENTI ON

[ 0005] One enbodi nent of a system nethod, and

apparatus for sealing between inner and outer well

menbers utilizes a bi-directional netal seal that is

energi zed and un-energized by a rolling action that

t akes pl ace between radi used seal lips. The sea

forms an assenbly wi th upper and | ower energizing

rings. The energizing rings 2 have opposing grooves

on the o.d. and i.d. for engaging hook ends on the
havenepposisgraraevss af thehwd sand 1.4 fo5 engaging depk ggds on the inner

arran nt en the.seal is i n- [ .
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the aaallsrptdr kibarsetert adodectansen the pead's Sumes dissdtert causing the seal to
netal -to-netal seal between .the adjacent conductors.

OSSR 5 @A Tarte St the raernb et ges
of the present invention will be apparent to those
skilled in the art, in view of the fol|low ng detailed |

[0986F Thefdregoingénd etheroliesnand advantagesrof thereegent anvention will

o S P ot HE R R B PhA T s desrpion
o ORRVERESRt [BRB#HDn, Sekéhad chijandtinneithithe \Wppaided baims and the

features and advantages of the present
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] So that the manner in which the features and advantages of the present
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;



i nvention, which will becone apparent, are attained
and can be understood in nore detail, a nore
particul ar description of the invention briefly
summari zed above may be had by reference to the
enbodi nents thereof that are illustrated in the
appended drawi ngs which forma part of this
specification. It is to be noted, however, that the
drawi ngs illustrate only sone enbodi nents of the
i nvention and therefore are not to be considered
limting of its scope as the invention nmay admt to
. equally ive. ' [
BRI FGBY B i SlIEEd U R T T, SR PBE Tl o scal
ase@hblpdatthe astinedd assendblly 00 FMurkilgure 2 is an enl arged
sectional side view of one type of prior art sea
assenbly for the well head assenbly of Figure 1; [0010]
u . o A
(0D O F G is B8 ot RUARN B LUE N BT SR P RE A BeSca
asaaRblylibythe iveHhepdr asscmbly @0 Figureilgure 4 i s an enl ar ged
sectional side view of one enbodi nent of a sea
assenbly for a well head assenbly shown in an
[MTIFF%&% 458 ROSI1AON s8MdnhSsidE AW 0¥ Ghe Enibddiment of a seal
accordance with the invention; [0012] Figure 5is a .
askemblyeforem| welfjedd sassemblpashosind én \Anewn-shengized spasition and is

assenbly of .Figur. i.n the un-energized position and
cqngtrg%%é%ra&g?rgan nngl?:glgr“a%\eﬁl 8™ th the invention;

[0013] Figure 6 is an enlarged sectional side view of

the seal assenbly of Figure 4 shown in an energi ze%
[0082] Figure &g 4 Burthen suletged cctionah side ViRt OF (g $%4l psembly of

invention: 0014 ' . | r: .
right§ Aol et PG, had 3y BoldbBRincRelaBRE 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.



Figure 6 in the energi zed position and is constructed
in accordance with the invention; and [0015] Figure 8
is an enlarged sectional side view of an alternate
enbodi nent for actuating the seal assenbly, shown in
the un-energi zed position, and is constructed in
accordance with the invention. 4 DETAI LED DESCRI PTI ON
OF THE I NVENTI ON [0016] Referring to Figures 4-7, one
enbodi nrent of system nethod, and apparatus for
formng a netal well head seal assenbly between inner
and out erDEEAIBERIDESERIBTIONSOR IHE dNYENTH2Nwe| I head
seal assenbly 31 is located in an annul ar space
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fo& a{@hﬁi Ya rmetab{neuﬁ@abﬁaal Jdsehbly dedieed inferantd @xteenedlhead
hrough outer wellhead menber 35 for actuating t

mmlbﬁnseadlsgle%qd %leaéaeab gl Hnis lesrisgagngnnu ar space
L

334/835 h ea@hcﬁﬁbzl-masaﬂmhieynlﬁi 3Goispivtated imtand eatndsieosgtalouter
ring (e. one shown in Fj es .5 and, 7 at are
wﬂébqaédmﬁmé?ﬁ 35.18F acpugtipg ghe aellpdag, §ed, apgb! séiﬂ’ chyrgoan

I e
crthp2) B SRERDeF PO (RS § AR i idgng o0t B8 lrsived
p&&mnﬁ(ﬁ@m“ahd\m in Figure 5, the seal ring 41 has

i nner and outer walls 43, 45 curving toward each ot her
on the open end and spaced apart to forma slot 47

@??ﬁﬁ@w\éﬁlﬁéaﬁ séal: aséembly B 1tdmpeREosi e bns falMing @aGég., one

seal ring 41 conprises a first or upper set of inner
shamah manguresaﬁ aed X3 thatmre formed drm negtal} ondfigyess 4and 6, two

Seflﬂgrelféﬁp f,lress WalalreS ayé‘igtly lel?acleg %851‘? groﬂf%a%h'&fhe? RR %ﬁllnhﬁs 32
relative to wellhead members 33, 35. As best shown in Figure 5, the seal ring 41
has inner and outer walls 43, 45 curving toward each other on the open end and
spaced apart to form a slot 47 between walls 43, 45. In the embodiment shown, each
seal ring 41 comprises a first or upper set of inner and outer walls 43, 45, a second
or lower set of inner and outer walls 43, 45 located axially opposite the upper set,
and both sets of the inner and outer walls 43, 45 are separated by respective slots 47.
The slots 47 are formed on a radius and have an arcuate cross-sectional profile. In
one embodiment, both sets of the inner and outer walls 43, 45 of the seal ring 41
have exterior surfaces 49 that are radiused to define a seal ring cross-sectional shape

having inner and outer profiles that are both arcuate in shape.

[0018] In one embodiment, the seal ring 41 has an axial length 51 (Figure 5) and a
radial width 53 in the un-energized position. However, in the energized position
(Figure 7), the seal ring 41 shortens in axial length 55 and expands in radial width
57 (i.e., to the width of the annulus 32) relative to length 51 and width 53 of the un-

energized position. As shown in Figures 5 and 7, optional elastomeric members 81
5



and both sets of the inner and outer walls 43, 45 are
separated by respective slots 47. The slots 47 are
formed on a radius and have an arcuate cross-sectiona
profile. In one enbodinent, both sets of the inner
and outer walls 43, 45 of the seal ring 41 have
exterior surfaces 49 that are radiused to define a
seal ring cross-sectional shape having inner and
outer profiles that are both arcuate in shape. [0018]
In one enbodi nent, the seal ring 41 has an axi al

mhy bgtidratel HeFivepmraxiBly entialaportions ofl seqli rings A 3andithe gerfaces of
un- energi ze ition. However, in the energized

thﬁ@?‘%ﬂm?g?‘ggﬁeﬂn , the seal ring 41 shor?ens in
axi al length 55 and expands in radial wwdth 57 (i.e.,

to the width of the annulus 32) relative to length 51
[0819] Theitwelbgadfsealhassembleidr §iuzhay pRBPRSeS NONEAT SHGf, Solid

i n.Fi qur.es [ e 0 ' .
cnglgi 8 T PLaBe it BtisE Gy hEHA L TERAE HEERRS ik 6P s
asS6@hted ivigsodel ofitid éefeof iinbRard oofer walle 483eUbhelam example, in

menbers 33, 35. [0019] The we|| head seal. senbl y
Figyres-oand 3 anaitcfenergazing rpgy @l sshpyn, bidp ilgﬂrﬁ@“raflﬁé‘stwo
SR A T Gy 300 S B 8l
shoalnl. sindfBe edfhodinment akavey| wpper enerfizing rig 63 hasla Thamfeai67 for

of energizing.rings,61 is,shown i n, Fi gures. 4 and
slgling sagaliemery Mutura Uy ReVBIeAPrgbe Hoendlowe sreikiping e 64
isIRURLe 'cﬁlngl?%rﬁl\%gé&il ZihBGlde? B9 foPmad ®n EeOWker kirfide€of inner
enbodi ment shown, upper energizing ring 63 has a
welilzzafl enenfber 83r sl i di ng engagement with

radi al | y-novabl e member 37, and | ower energizing ring

64 is located on an orthogonal shoulder 69 formed on
[dAoquAy b8t sROH _ﬁPFiéﬁi-e 71138k setWEkhdianet Amroves: vaiBls 4B 04261 the
[

best shown in ure 7, each set of the inner anﬂ
sealiting Alatetming®s insedflipshkaving recessed edges 44, forming hooks that

extend along interior surfaces thereof. Each energizing ring 61 has inner and outer
surfaces that are generally concave in cross-sectional shape. In one embodiment,
each inner and outer surface comprises external grooves 71 that engage and mate
with respective ones of the recessed edges 44 in a nesting configuration in the un-
energized position. Located axially on either side of grooves 71 are a neck 73 on a
proximal end thereof, a hooked feature 75 on a distal end thereof, with the groove 71
forming the concave cross-sectional shape between the proximal and distal ends. In
the energized position, the distal ends of the seal rings engage the necks 73 and the
distal ends of the energizing rings 61 abut axially interior portions of the slots 47 to
elastically deform the inner and outer walls 43, 45 of the seal rings 41. In the un-
energized position, the distal ends of the seal rings 41 seat in the grooves 71 and the
hooked features interlock with features 44 inside the inner and outer walls 43, 45 of

the seal rings 41 to retain the energizing rings 61 in the internal slots 47.



seal ring 41 termnates in seal |ips having recessed

edges 44, form ng hooks that extend along interior

surfaces thereof. Each energizing ring 61 has inner

and outer surfaces that are generally concave in

cross-sectional shape. In one enbodi nent, each inner

and outer surface conprises external grooves 71 that

engage and mate with respective ones of the recessed

edges 44 in a nesting configuration in the un-

energi zed position. Located axially on either side of
[002 Holles irher and oatenewkfadkd ofnenergipingxiings| 6k sldinglyr engage he

o o9 Fifrdhot A B AT B g 41 i Een e

erRRSi NRIEFbsIINA WHAQKInNEE iRl afld shl wallsla3, 45 elaktielly deform into
energi zed position, the distal ends of the seal ri

Rl ! . L gs
bieditpsenal Iedlinectogagement vitthihe lang i @HesveHheadanembers 33,
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nAAUbh Weddl bebikendthe dhndrhendsedbr miclhsaddthembarst 3% ifn- In the

energi zed position, .the_ distal ends of the seal .rings
engtE PO R HBE PR Of 2oL Fas . o BeEel Pl o s Serna
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gr'\c/)\gﬁ%j 1 4%?131%%%% E&?F}lgg ?&roﬁﬁaﬂoﬁﬁd 6184 t0Ball SUMRErddIFb G, Shther

seal rings 41 to retain the
themetrgichj and ekpaysl Bdthi sets be wallsefnadS sgains the inger] g opter

The i nner, a yuter surfaces of energizing rings 61
‘“?ﬂp ¢H§P§wggg%35'the. inner and outer walls 43, 45 of
the slots 47 in the seal rings 41 between the

energi zed position wherein the inner _and outer walls
[0022] R&feringsndve & FigurefSoramaltarmate emberimeat fasmgfuaing thengpal

en enent .wth the. inner.a out er
SHS58 Oenicled i bRl 750 Q-FleciFad RERRRET TRE Qupver
erftPifihg Wab183 ¢ BrovidRdatitts £ sircumfetendial, éliallyointemul Manges 8Athat
bet ween the i nner and outer well head menbers 33,

. . 35.,
is mpechprdcallyrroupled dol ap gxially apvableaingly. Inj qre egrbodmgnt, ring 85
. rin 1 ar e f: r Ri
i R0 ol Pl iR & igp A R W, 53340 . Ring
8 D1t wyad Go dkiale kiroks (ileatpush 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.



than stretch, and expand both sets of walls 43, 45
agai nst the inner and outer wellhead nenbers 33, 35.
[0022] Referring nowto Figure 8, an alternate
enbodi nent for actuating the seal assenbly is
depicted with the seal in the un-energized position.
The upper energizing ring 81 is provided with a
circunferential, radially internal flange 83 that is
mechanically coupled to an axially novable ring 85. In
one enbodinent, ring 85 1is threaded to and reacts in
response to inner well hegg qp?per 33 as shown. Ring
85 is used to axially stroeé I.e., push and retract)
energizing ring 81 and, thereby, the other ener%izing
L.r i ngA v&Thedseakassembly fomsealingbdtweemigseroand ogger wellhead
reggectivelﬁi. bet ween the energi zed and un-energi zed
MEPEFT WP 8 8descri bed herein. [0023] Wiile the

I NV e idaPAngd fmee Gdnsmetanarl hal@gCihh&reshdionte? Wals sepeated by
its forns, it should be apparent to those skilled in
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0 vario ges w arting fromthe scope of

the inventi.on.. 7 .CLAI 1. A | h

for wnenigtE Endsamectm o A batiE iRl ARG STRaks

conprisin?: a seal ring fprnggagronnnetal and ha ing
thatrase gengrai orpnesve i crass-seqtionak shape, jhe igner agg oyigy ?Wéacﬁ

general |y arcuate profile; and an energizing ring
slidarghe ehgage therinuexland odteh wvalls of the slet inaihd seal riag betyyaeadas

that are generally concave in cross-sectional shape,

erefigzddpeitioaRdciothaethe $ntfef andsuteswalll elggtigaléndefoen ihe sealing
i nner and outer walls of the slot in the seal ring

er%E%&E&E vAlh theMRESARES QORI o8N mHbhrst ARt arl WieddRgieed and
uter walls elastically deforminto sealing
position such that the inner and outer walls do not form a seal between the inner and

outer wellhead members.

2. A wellhead seal assembly according to Claim 1, wherein the inner and outer
walls of the seal ring have exterior walls that are radiused to define a seal ring cross-

sectional shape having inner and outer profiles that are both arcuate in shape.

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 interior surfaces thereof, and the energizing ring has external
grooves that engage the recessed edges in a nesting configuration in the un-

energized position.



engagenent with the inner and outer well head nenbers,
and an un-energi zed position such that the inner and
outer walls do not forma seal between the inner and
outer well head nenbers. 2. A well head seal assenbly
according to Caim1l1, wherein the inner and outer
walls of the seal ring have exterior walls that are
radi used to define a seal ring cross- sectional shape
having inner and outer profiles that are both arcuate
in shape. 3. A wellhead seal assenbly according to

4.0 ai Mmvigllhedrbseal assanblly acfording to Riaim 3, avhgrautie thagaeraizeds
the seal ring ternminate in seal |ips having recessed

pE RS the@yildipd aregfordedyt dfthe ektornab gobaesasmusihg theckal lipsdo
the energizing ring has external grooves that engage

add 1611 aRAFATEY raﬁﬁ‘&%%t\beﬁd QirB&fIn, A& Iin Bietch! il exipand He
un- energi zed position. 8 4. A well head seal assenbl y
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grooves causing the seal lips to and roll around in a
radi al outward direction, rather than stretch, and

expand the inner and outer malls“bgalnst t.he i nner
5.and Suvadiheadseahassembly peegrdingso Claigel. [Vssin.da fye un-energized
assembly according to Claim1l, wherein, in the

pasitionn eregealathg hps an xiahlengthand eahdial wngﬂh and,dn thedngfgized
| ength and a radial width, and, in the energized

pRafint tHReallrii shéAtnsih ﬁ%aﬁléﬁgﬂh@ﬁ& ek pard irtadiab nddth. and
expands in radial wdth. 6. A wellhead seal assenbly

according to Claim1l, wherein the seal ring conprises
a bi-directional netal seal having upper and | owner

slot agi I
6res péc"i"?q@g?‘{)% ga %“W& ﬁoerggxgq% alas se @h g}%(r:gg?ld& % to
Claim1l, wherein the energizing ri rgigl

comprises a bi-directional metal seal having upper and lower slots for engaging

upper and lower energizing rings, respectively.

7. A wellhead seal assembly according to Claim 1, wherein the energizing ring
is actuated between the un-energized and energized positions by one of (a) a
radially-movable member extending through the outer wellhead member, and (b) an

axially-movable member located adjacent to the energizing ring.

8. A wellhead seal assembly according to Claim 1, wherein each of the inner
and outer surfaces of the energizing ring comprise a neck 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

9



I s actuated between the un-energi zed and energi zed
positions by one of (a) a radially-novable nmenber
extendi ng through the outer well head nmenber, and (b)
an axially-novabl e nenber | ocated adjacent to the
energizing ring. 8. A wellhead seal assenbly according
to Claim1, wherein each of the inner and outer
surfaces of the energizing ring conprise a neck on a
proxi mal end thereof, a hooked feature on a distal
end thereof, and a groove formng the concave Cross-
positon] disal en;isa)[ﬁ thereahmingrenghge the ogelnand distal ends eftheends,
wherein, in the energized 9 position, distal ends of
enehgzif g ﬁhg abitgnergdigantetier pretién afitie dios tedlasticaldy ddfornh ehe
energi zing ring abut an axially interior portion of

1n£$1‘eﬁn§|09¥cr Lals bﬁﬁxtelseﬁlrinug Q&if & e UR&neigid posifidn akié eistal

he seal rlng, and, in the un-energized

f g1lc al r n%ese flhe o@iéqgmg’ thd RPKSE f’éattfréﬁﬁte?l@éﬁ w'ltﬁ seal

VES eat ur ES Interlock wt

2 70 A e L i

slot. 9. A well head seal assenbly for sealing between
mewhsiiaithd fiefer and outer wel | head menbers, conpri sing:

a seal ring fornmed fromnetal and having a first set

of inner and outer walls, a second set of inner and

0 R Bl SSPSEB) LR Bl e Mgl gt o

8Ra4 Ry &g RERLI ve slots; and an energi 2| ng ring
wglssoc?{ateg o Eeac of the flrst and second set of

i nnea seahrivg fmmed figart metal andiledvinga firshagtiof snepard gitsy wjls,
rings, each fornmed fromnetal and having inner and
a uebed st Bf frmeesnd hadr wdalls lgeinel adidlly appositevthe ifinst set, and both

cross-sectional shape, the inner and outer surfaces

se§ (%)ftddsl@?%%r SRORMS WAIR abRPhradiathyddsRictivedlbs; afd t he
an energizing ring associated with each of the first and second set of inner

and outer walls to define a pair of energizing rings, each formed from metal and
having inner and outer surfaces that are generally concave in cross-sectional shape,
the inner and outer surfaces slidingly engage the inner and outer walls of the slots in
the seal ring between an energized position wherein the inner and outer walls are
elastically deformed into a bi-directional sealing engagement with the inner and

outer wellhead members, and an un-energized position wherein the inner and outer

walls do not form a seal between the inner and outer wellhead members.

10. A wellhead seal assembly according to Claim 9, wherein both sets of the

inner and outer walls of the seal ring have exterior walls that are radiused to define

10



the seal ring between an energized position wherein
the inner and outer walls are elastically deforned
into a bi-directional sealing engagenent with the
i nner and outer wellhead nenbers, and an un-energized
position wherein the inner and outer walls do not
forma seal between the inner and outer well head
menbers. 10. A well head seal assenbly according to
Caim9, wherein both sets of the inner and outer
wal | s of the seal ring have exterior walls that are
senkvitigisress-seotiokall shapes havisgmner andputerasefilesthet @78 Hoth arcuate
shapes having inner and outer profiles that are both
inghgpeat e in shape. 11. A well head seal assenbly
according to Caim9, wherein each set of the inner
and outer walls of the seal ring termnates in sea
i ps having recessed edges extending along interior

1oyr fﬁ%ﬁih&%&%?&%ff‘rﬁgl? a@@(ﬁﬁingfto CREmS) SRk h Q&hrs%f‘(?ﬁt}é@ as

ext ernal ‘grooves engage respective ones o

. recessed edges.i.n a.nestin configutation in th

inpf- A5 iy S 6 LiersPa e e RSN sl dips batihe reeesii) egees
according to Claim 11, wherein, in the energized

exterling along intrsios swfades fherept.cand speleef he PSSR INEI DS nal
grooves causing the seal lips to roll around in a

extadalgiroous teat engtige eespedive onas bfthe réegssed edgesdh a ngsting
expand both sets of the inner and outer walls agai nst

cdnlfi@uiafiBR in 8 dnQubRizedglokiiead menbers. 13. A wel | head
seal assenbly according to Caim9, wherein, in the

un-energi zed position, the seal ring has an axial
| ength and a radial width, and, in the energized

osition, the seal ring shortens.n .axial.
13 et o ERembly oo e T2 Pt TR e brBfiizea
according to Claim9, Wh%ﬁr ein onf of the .enﬁ%:gsi zf B
pasitings thegealdips aresierasaiopbehthe gxternal grpoy e Gusng My Seal ups to
energi zed positions by
roll around in a radial outward direction, rather than stretch, and expand both sets of

the inner and outer walls against the inner and outer wellhead members.

13. A wellhead seal assembly according to Claim 9, wherein, in the un-energized
position, the seal ring has an axial length and a radial width, and, in the energized

position, the seal ring shortens in axial length and expands in radial width.

14. A wellhead seal assembly according to Claim 9, wherein one of the
energizing rings is actuated between the un-energized and energized positions by
one of (a) a radially-movable member extending through the outer wellhead

member, and (b) an axially-movable member coupled to the energizing ring.

11



one of (a) a radially-novabl e nmenber extending through

the outer well head nenber, and (b) an axially-novable

menber coupled to the energizing ring. 11 15. A

wel | head seal assenbly according to Claim9, wherein

each of the inner and outer surfaces of the

energi zing rings conprises a neck on a proxi mal end

t hereof, a hooked feature on a distal end thereof, and

a groove form ng the concave cross-sectional shape

between the proxinmal and distal ends, wherein, in the
1&ner 4i wdthepbsdat assemblyi acterdingrid €laifm 9.tweheseinleagh ¢fghe inner

engage the necks and distal ends of the energizing
arld G\@ér sabaéesf it drigrdizihg kings cqaprises ased! ort hproximalento

el astically deform the inner and outer walls of the
thg?e%h ﬁf HJdRSd feaftfle oh ™ dift81 &HA tREBHD bAERSl gRfTE Forifing the@oncave

I stal ends of the seal rings seat in the grooves and

t he hooked, feat ures .i i QS at ed

chIEs IBOT Ul B UM ER BRI ind Hshdl A2 WhbldR? if B

uter-wa e seadl rings to

retaip the energicgi rings in the slotsg. 16...A
engagipstbaeptians N ondsci 187 Hgs S e s ppe st ends of

wel | head menbers havi ng an annul us therebet ween; a
thershetigizarg Begs abutsaanilyl ipiries aeviens af theslosyiolastically deform

conprising: a plurality of netal seal rings, each
thednmengndotiter shllsef theseal nings, and,dn thet wr-enwagized positianethend

set of inner and outer walls |ocated axially opposite

disEeddsoFthes®@hl rigideiQh he §6bves@hd tHithdokadfeatuneh iatelock
wal | s are separated by respective slots; and a

with4Eahi %Yo fed TRLAL 1n§1@1$£rﬂ1' &.{t&g’wﬂis R %he LECHMA] Rdain the
ASS6Ci ated W th one of seal  ri ngs, each energi zi ng
ring.hayin %ﬁn r and outer surfaces that are
CRpEREIE TS é in cross-sectional shape, the inner
and outer surfaces slidingly engage the inner and
outer walls of the slots in the seal rings between an
energi zed position
16. A wellhead assembly, comprising:
inner and outer wellhead members having an annulus therebetween;
a wellhead seal assembly located in the annulus; comprising:
a plurality of metal seal rings, each 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; and
a plurality of metal energizing rings, each being associated with one of seal
rings, each energizing ring having inner and outer surfaces that are generally
concave in cross-sectional shape, the inner and outer surfaces slidingly engage the

inner and outer walls of the slots in the seal rings between an energized position

wherein the inner and outer walls are elastically deformed into sealing engagement

12



wherein the inner and outer walls are elastically
deforned into sealing engagenent 12 with the i nner and
outer well head nmenbers, and an un-energi zed position
wherein the inner and outer walls do not forma sea
between the inner and outer well head nenbers. 17. A
wel | head assenbly according to Caim 16, wherein each
of the seal rings has exterior walls that are
radi used to define seal ring cross-sectional shapes
having inner and outer profiles that are both arcuate
withn ttetiame and SuteAwakhdad enembers, et lay unceaeigified PositoTmaierpin
16, wherein each set of the inner and outer walls of
tht fReB &l owtbmngalstdr vt fiaties séah bete@kn thefiandraud ngter eeBbsdd
edges extending along interior surfaces thereof, and
gﬂ §s0f the energizing rings has external grooves
at engage respective ones of the recessed edges in a
nesting configuration in the un-energized position;
and wherein in the energized position, the seal I|ips

arefor d out of the external. Si the.
1ealA eqdassanbly Freifine;h @a”inag{ﬁo gf\he'ﬁ?ﬂﬁ %ﬁd’ e delfings

dlrectlon rather than stretch, _and expand oth S ts
hagfexterier walethatare rastiesed tqdefing s&glarulrrgsffm%wcv shapse, having

outer well head nenbers. 19. A well head assenbly
inagremd diureg piafil€ thitnard 6othvenarats in,shape. t he un- ener gi zed

posi tion, each of the seal rings has an axial |ength

and a radial width, and, in the energized position,

each of the seal rings shortens in axial |ength and

8e Xxp a&%elfh@a(% 53@%“1?115' a\%cqhﬂlﬁ 18 09aids1 @ WheRin Eetbﬁ s@f’ﬁr tHé &ined

ings 1S ac bef weerr t he un-énergi zed and

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; and wherein

in the energized position, the seal lips are forced out of the external grooves
causing the seal lips to roll around in a radial outward direction, rather than stretch,
and expand both sets of the inner and outer walls against the inner and outer

wellhead members.

19. A wellhead assembly according to Claim 16, wherein, in the un-energized
position, each of the seal rings has an axial length and a radial width, and, in the
energized position, each of the seal rings shortens in axial length and expands in
radial width; and
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energi zed positions by one of (a) a radially-novable
menber extending through the outer well head nenber,
and (b) an axially-novabl e nenber |ocated in the
annulus and coupled to the energizing ring. 20. A
wel | head assenbly according to Caim 16, wherein each
of the inner and outer surfaces of the energizing
rings conprises a neck on a proxinal end thereof, a
hooked feature on a distal end thereof, and a groove
form ng the concave cross- sectional shape between the
pr oxomadf the enaigiginglrings dsgctudtest dtween the uheneigigediapd d
position, distal ends of the seal rings engage the
et@giked Foriticis By dhe 0N Y a@hditie mowalle ghenibey extendiag divovgh the
axially interior portions of the slots to elastically

odted \%lmneta? Enerﬂlﬁﬂ%d WParCAly-MBYAble RfendbBflosSRd il the@fnulus

and, | I e un-enerdi zed position, the distal ends of
the s rings seat .ip the grooves and the hooked

alﬁfd;c&uafeggoiﬂfﬁ%ﬂ%%ﬁé%n h seal lips located on the
inner and outer walls of the seal rings to retain the
energizing rings in the slots. 14

20. A wellhead assembly according to Claim 16, 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 the concave cross-
sectional shape between the proximal and distal ends, wherein, in the energized
position, distal ends of the seal rings engage 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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