FLEX- LOCK METAL SEAL SYSTEM FOR WELLHEAD MEMBERS
Cross- Reference to Related Application: This
application clains priority to U S. -Patent Application
No. 11/635,466, filed Decenber 7, 2006. Field of the
Invention: This invention relates in general to
wel | head assenblies and in particular to a seal for
seal i ng between i nner and outer well head nenbers. 1
Background of the Invention: Seals are used between
i nner and outer wellhead tubular nmenbers to contain
internal well pressure. The inner well head nenber may
be a tubing hanger that supports a string of tubing
extending into the well for the flow of production
fluid. The tubing hanger |ands in an outer well head
menber, which may be wel | head housing, a Christnas
t r ELEX/LOCK METMaSEAD $eSKEM FOR WELILISEADSMBMBERS
t he tubi ng hanger and the outer well head nenber.
Alternately, the inner well head nmenber m ght be a
CeaniderehdN@eRcth@d Applichfiod Wel | head housing and
secured to a string of casing extending into the
well. A seal or packoff seals between the casing

hangesis apslichiiéh MeihlsheREHN@USSNBatent Application No. 11/635,466, filed

December 7, 2006.
Field of the Invention:

This invention relates in general to wellhead assemblies and in particular to a

seal for sealing between inner and outer wellhead members.



A variety of seals of this nature have been enpl oyed
in the prior art. Prior art seals include elastoneric
and partiallly netal and el astoneric rings. Prior art
seal rings nade entirely of metal for formng
netal -to-netal seals are al so enployed. 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-netal seal has
inner and outer walls separated by a conical slot. An
energizing ring is pushed into the slot to deformthe
i nner and outer walls apart into sealing engagenent
with the inner and outer well head nenbers. The
Bahgrqindioighe Invgniien:a sol i d wedge- shaped nenber. The
deformation of the inner and outer walls exceeds the
yield strength of the material of the seal ring,
mekiSegls taie ushaf ietwadn dRepardnanentvellizad hesuial mgnbas o contain
bet ween the casing or tubing and the wel | head may

inteffalfvell Prafdure UlTae! Mned Hvolival | HeaBs mag aked teding Menger that
surface, rather than subsea. The well fluid flow ng
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thehglﬂgrevrvelﬁq%gd gllersn err.m Xﬁemately, 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 between the casing hanger and the wellhead housing.

A variety of seals of this nature have been empioyed in the prior art. Prior art
seals include elastomeric and partially metal and elastomeric 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 has inner and outer walls
separated by a conical slot. An energizing ring is pushed into the slot to deform the
inner and outer walls apart into sealing engagement with the inner and outer wellhead
ﬁlembers. The energizing ring is a solid wedge-shaped member. The deformation of
the inner and outer walls exceeds the yield strength of the material of the seal ring,

making the deformation permanent.



~radially due to tenperature differences between
conponents and the different rates of thernal
expansi on fromwhich the conponent nmaterials are
constructed. If the seal has been set as a result of
a wedgi ng action where an axi al displ acenent of
energi zing rings induces a radial novenent of the
seal against its mating surfaces, then sealing forces
may be reduced if there is novenent 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 THermg, grofitic betweay tiaussing be tibdad atd theeadellhedd| ross occur,
of radial |oading between the seal and its nmating
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seal to |leak. 3 Summary of the I'nvention: The sea

ﬂ(fvhﬂg uﬁ&rarhhhl%u%lpﬂﬁri%ﬁ?é‘ hEQs IR sﬁﬂr@%f%b}h@ - &L lé@&'degﬂég the

features accommodat e t her nal grovvth W t hout

suh%gi;h%e C%SE% Sﬂﬁl tefg{p@xg d???ndﬁéh@gr aasﬁgaugé'”tlfé' tuWﬂlgl ﬁan er and/or

conlc energ|2|ng rin
nn r and urfaces n
capiyl hatey TpvRGR h;étaaﬁ R 5iurE SRR ant Rt 4 feal Hhghnber.
out er Ils |nto al i n t wi.t h i nner an
Digiigethe Wt} W 48110 P SUPFR EIGHE LT (761IPS AT Sen aﬁo move
internal cavity Iocated bet ween the inner and oute
ragiphy dug tosiempaebse difesgncesoetiveen peraponents and the dlfferent rates of

thermal expansion from which the component materials are constructed. If the seal has
been set as a result of a wedging action where an axial displacement of energizing rings
induces a radial movement of the seal against its mating surfaces, then sealing forces
may be reduced if there is 1_novement 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.



and outer conical surfaces to deflect toward each
other during installation. The deflectionis within
the elastic range of the energizing ring, thus
creating radial inward and outward preload forces.
Thus when thermal displacenents cause a radi al

novenent between the seal and the mating housings, the
stored energy due to the flex of the energizing rings
enabl ed by the internal cavity, maintains near
constant sealing forces. Additionally, even if the
downward force on the energizing ring is reduced or

| ost due to thermal growth, the inward and outward
directed radial forces remain as a result of the
caviSwminiiry éfthebevegitionng ri ng. I n the enbodi nment

shown, the seal ring is bi-directional, having upper
and | ower sections that are the sanme, each contai ning
one THe deblerigd Ot this HveftRhabiys 8 ndmas-meeaegianidngs féanges to
engages the slot of the |ower section and an upper
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section. In the enbodi ment s each energi zing ring
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an internal cavity located between the inner and outer conical surfaces to allow the inner

and outer conical surfaces to deflect toward each other during installation. The
deflection is within the elastic range of the energizing ring, thus creating radial inward
and outward preload forces. Thus when thermal displacements cause a radial
movement between the seal and the mating housings, the stored energy due to the flex
of the energizing rings enabled by the internal cavity, maintains near constant sealing
forces. Additionally, even if the downward force on the energizing ring is reduced or
lost due to thermal growth, the inward and outward directed radial forces remain as a

result of the cavity in the energizing ring.

In the embodiment shown, the seal ring is bi-directional, having upper and lower
sections that are the same, each containing one of the slots. Preferably a lower
energizing ring engages the slot of the lower section and an upper energizing ring

engages the slot of the upper section. In the embodiment shown, each energizing ring is



is formed on an end of the cavity surface of at |east
one of the annular nenbers to contact the other
cavity surface during the installation. In the
enbodi nrent shown, a radial gap exist between the outer
wal | of the seal and the inner wall of the mating
housi ng. Such gap is required for installation in the
field and is sufficiently large to require plastic
deformati on of the seal body, but not the energizer
rings. In order to acconmopdate sealing over scratches
and surface trauma of the well head nenber, a soft
netallic outer |ayer may be provided for on the seal.
The thickness of this outer layer is sufficient to
méteaip afewb annidar mtmberf sdduradgogatickrf dueh ef by éhresleaEaclyinner and
bet ween the mating nenbers. Additionally, multiple
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and the inner wall of the mating housing. Such gap is required for installation in the
field and is sufficiently large to require plastic deformation of the seal body, but not the
energizer rings. In order to accommodate sealing over scratches and surface trauma of
the wellhead member, a soft metailic outer layer may be provided for on the seal. The
thickness of this outer layer is sufficient to provide for scratch filling and therefore
sealing between the mating members. Additionally, multiple v-shaped grooves of the
seal body are such that the soft outer layer will be trapped, which both prevents
extrusion of the soft metallic material and induces high compressive stresses in the
layer. Since the grooves are not exposed at the surface, they are not subject to damage
from running operations. The combination of stored energy provided for by the
energizer ring cavity and the compliant soft outer layer, provides gas tight sealing under

extreme thermal conditions. Alternatively, the soft outer layer may be made from a



(pol yphenyl ene sulfide). 6 Brief Description of the
Drawi ngs: Figure 1 is a sectional view of a sea
assenbly constructed in accordance with this
i nvention, shown prior to installation. Figure 2 is a
sectional view of the seal assenbly of Figure 1 and
shown in the set position after installation. Figure
3 is an enlarged sectional view of the nose of one of
the energizing rings of the seal assenbly of Figure
1, shown prior to installation. Figure 4 is a view
simlar to Figure 3, but showi ng the nose after
installation. Figure 5 is a sectional view
illustrating the seal assenbly of Figures 1-4
nohAsdtallit efatendl tdti polamere budhesd PREKD Groly-dthBedthdrikesitone) or PPS
Description of the Invention: Referring to Figure 1, a
(p&?ﬁ&hggn@gﬂﬁmgybing spool 1 | is shown. Tubing spoo
1 iS located at an upper end of a well and serves as
an outer well head nenber in this exanple. Tubing
spool 11 has a bore 13 with a shoul der 15 | ocated
therein. In this



enbodi nent, shoulder 15 is conical and faces upward
and inward toward a |longitudinal axis (not shown) of
bore 13. In this exanple, the inner well head nenber
conprises a tubing hanger 17, which is shown
partially in Figure 1 within bore 13. Alternately,
tubing spool 1 | could be a wellhead housing or a
Christmas tree. Alternately, tubing hanger 17 could be
a casing hanger, plug, safety valve or other device.
Tubi ng hanger 17 has an exterior annular recess
radially spaced inward frombore 13 to define a sea
pocket 19. Tubing hanger 17 has a downward facing
shoul der 21 that defines the upper end of seal pocket
Bri& Dciipiod ofthe Draging3: t hat has an upward facing
shoul der is carried by tubing hanger 17 to define the
| oner end of seal pocket 19. In this exanple, prior to
set tHifige 1ShaukdRnal Viewd2ZehlSask@ gy ROast@Otet Uba@rdance with
hanger 17 by a shear pin 25 that extends into a hole
thid TnveRtiod, YRIAPpRNG Bfstalidtionshoul der ring 23 has a
coni cal downward facing surface that |ands on tubing
spool shoul der 15. A netal-to-netal seal assenbly 29

i's Irpeat 0ds hReQRAA ROE ethelRal é@&hbl?&ﬁg‘%ﬂré’ | a8 shown in the

i ncl udes a seal ring 31 forned of a ne such as

i 31 has an inner 8 wall 33 that may
SaﬁgggkgﬁﬁﬁﬁggggggP'bands 35 at the upper and | ower ends

for sealing
Figure 3 is an enlarged sectional view of the nose of one of the energizing rings

of the seal assembly of Figure 1, shown prior to installation.
Figure 4 is a view similar to Figure 3, but showing the nose after instailation.

Figure 5 is a sectional view illustrating the seal assembly of Figures 1-4 installed

within a wellhead member.



agai nst the cylindrical wall of seal pocket 19. Sea

ring 31 has an outer wall surface or |ayer 37 that

seal s agai nst tubing spool bore 13. Quter |ayer 37

optionally conprises a sleeve of softer material than
the body of seal ring 31, the sleeve being secured by
threads, thermal spray, brazing or the like. Discrete

v-shaped grooves 39 may be |ocated toward each end of

the body of seal ring 31. G ooves 39 are filled by

outer layer 37 and serve to anchor or fix outer |ayer

37 agai nst novenent relative to the body of seal ring

31.. Quter layer 37 could optionally be an integra

portion of seal ring 31 rather than a sleeve. Quter
Detaled D¥ripgipnbd thoknvedtiai: a soft netal or

alternatively made froma non-netallic material or

pol ymer such as PEEK (pol y-ether-ether-keytone) or

PPS Refelripphe Riguenk aspilrfiorded)a tubimgtshoc 1éXasiplven. Bebddg spool 11

ring 31 is bi-directional, having an upper section and
isdocataT anS@plet B bhatwell SndSeheds aRtanaduier WellHe@d mefM@E s this

of each other. The sane nunerals are applied to the
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has a wedge-shaped or conical slot 41 that reduces in
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etween the upper and | ower ends of sea
ams g{ﬂgﬁg QH§ ?urfaces form ng each slot 41
rirse nera y conical surfaces that may be
straight or curved. An upper energizing ring 43

engggs 1sse|x%}npf'e 1R 1r¥nre]:1(°e witREld rsnled%ér comprises a\l\%bmg hanger 17,
which is shown partially in Figure 1 within bore 13. Alternately, tubing spool 11 could
be a wellhead housing or a Christmas tree. Alternately, tubing hanger 17 could be a
casing hanger, plug, safety valve or other device. Tubing hanger 17 has an exterior
annular recess radially spaced inward from bore 13 to define a seal pocket 19. Tubing
hanger 17 has a downward facing shoulder 21 that defines the upper end of seal pocket
19. A shoulder ring 23 that has an upward facing shoulder is carried by tubing hanger
17 to define the lower end of seal pocket 19. In this example, prior to setting, shoulder
ring 23 is retained on tubing hanger 17 by a shear pin 25 that extends into a hole 27 in
tubing hanger 17. Shoulder ring 23 has a conical downward facing surface that lands on

tubing spool shoulder 15.

A metal-to-metal seal assembly 29 is located in seal pocket 19. Seal assembly

29 includes a seal ring 31 formed of a metal such as steel. Seal ring 31 has an inner

8



energi zing ring 45 engages slot 41 on the | ower side.
Upper energizing ring 43 is 9 forced dowward into
upper slot 41 by tubing hanger downward facing

shoul der 21 during setting. Lower energizing ring 45
is forced upward into |lower slot 41 by shoulder ring
23 during setting. Upper and | ower energizing rings
43, 45 are fornmed of nmetal, such as steel. The mati ng
surfaces of energizing rings 43, 45 and slots 41 may
be forned at a | ocking taper to resist reverse
movenent of energizing rings 43, 45 after seal ring
31 has been set. Upper energizing ring 43 includes an
i nner annul ar nenber 47 and an outer annul ar nenber

wAP33 than@taydnde anfigir @ainbdnes 35eniier sopér andt Bvar endefou seding
to each other by threads 51. OQther nethods coul d be

ag®INR! (Y 8 ikifiEal SRS BS ROK4 18I SERIFRRI S Khé an4ter bl Q8 ke or
ot her, such as cross pins, welding or brazing. An
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exten over and d fromthe uppér end of outer
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layer 37 and serve to anchor or fix outer layer 37 against movement relative to the body
of seal ring 31.. Outer layer 37 could optionally be an integral portion of seal ring 31
rather than a sleeve. Outer layer 37 may be formed of a soft metal or alternatively

made from a non-metallic material or polymer such as PEEK (poly-ether-ether-keytone)

or PPS (polyphenylene sulfide).

In this example, seal ring 31 is bi-directional, having an upper section and a
lower section that are substantially mirror images of each other. The same numerals are
applied to the upper section as to the lower section. Each section has a wedge-shaped
or conical slot 41 that reduces in width from its entrance to a base located centrally
between the upper and lower ends of seal ring 31. The inner and outer surfaces forming

cach slot 41 comprise generally conical surfaces that may be straight or curved.

An upper energizing ring 43 engages slot 41 on the upper side, and a lower

energizing ring 45 engages slot 41 on the lower side. Upper energizing ring 43 is



annul ar nmenber 55. Inner and outer menbers 53, 55 are
secured to each other, such as by threads. In this
exanpl e, the-axial length of |ower energizing ring 45
is less than the axial |ength of upper energizing
ring 43. Also, in this exanple, inner annular nenber
53 and outer annul ar nenber 55 have the sane axia
| engt hs. The | ower portions of 10 inner and outer
menbers 53, 55 serve as a supporting portion of |ower
energizing ring 45 and define a radial wdth
approxi mately the sane as seal ring 31. Each of the
energi zing rings 43, 45 has a wedge nenber or engagi ng
portion that engages one of the slots 41. Each
fofsae rdphwaivag It gpped, slot 3t [hiss tubing hanger downeat facing Sleadder 21
57 and an outer conical surface 59 for engaging the
dUPRBORHIG. | NBREr ShelgvRk! Sn®ls 8 aBRes | lvadilintd NEweEIST 41 by
coni cal surface 57 of upper energizing ring 43 is

sh&ﬂﬁ?ﬁr‘g‘r gOZ;Bu?L#g%esEttﬂnEp @pra%ﬁ' 13veBERSSinHings 43 49 WeBbrmed of

con e 597is formed on upper outer annul ar
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OWer “enérgi'zing® ring y formed on

| ower. i nner and outer annul ar nenmbers 53,. 55.. 1 nner
U tht WY K08 ARER 0 S5t AOSEeanoverat (b eneai7iBg gy 1o 45 afte
coni cal surfaces, as shown or straight conica
seqliatld s P $eht i ons may be | ocated al ong surfaces 57
and 59 to resist axial seal separation of seal 31

from energi zi ng tings,43, 45, Additionally, the upper
and Yrpge energizing ring 43 includes an inner annular member 47 and an outer

annular member 49. Inner and outer annular members 47, 49 are secured to each other
by threads 51. Other methods could be employed for securing annular members 47, 49
to each other, such as cross pins, welding or brazing. An upper supporting portion of
inner annular member 47 extends over and upward from the upper end of outer annular
member 49 in this example. The radial thickness of this supporting portion of inner
annular member 47 above outer annular member 49 is approximately the same as the

radial thickness of seal ring 31.

Lower energizing ring 45 comprises an inner annular member 53 and an outer
annular member 55. Inner and outer members 53, 55 are secured to each other, such as
by threads. In this example, the axial length of lower energizing ring 45 is less than the
axial length of upper energizing ring 43. Also, in this example, inner annular member

53 and outer annular member 55 have the same axial lengths. The lower portions of
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interface surfaces 57 and 59 may be sel ectively coated
to provide a differential, and thereby preferential,
activation notion. Referring to Figure 3, a
cylindrical surface 60 is fornmed on the | ower outward-
facing portion of inner annular nenber 47. A
cylindrical surface 62 is forned on the | ower
i nwar d-facing portion of outer annular menber 49.
Cylindrical surfaces 60, 62 are radially spaced apart
fromeach other, defining a clearance or annul ar
cavity 61 11 between them Cavity 61 is |ocated
substantial ly equi di stant between conical surfaces
57, 59. At |east one of the surfaces 60, 62, which is
inrfol @i obiyr LXABPIs &3] 65 bevs by i agmofithg poiiioh dtle@eBenergizing ring
cylindrical band 62 forned on the | ower end at nose 65
45Ghd HPREY 2 208 Sk Ahrodinagly'Be sBansh 83l Aot udes i nwar d
fromcylindrical surface 62. Al though not essentia
prior to setting seal ring 31 (Fig. 1), preferably

bangt,§¢ ofl Eh%sen@l%tmﬁé) Waks &yl 4sniglisi LabdgeSHERB&GEor@Agaging portion
providing a slight gap at nose 65. %Mrlng settlng,

thefS? %?g a%é g(lal’olf iOOLACA] . ‘E%H’\@ﬂ&gzg‘n%' e Q?’l 4511:1%5,’ &k nner conical

03|n the nose cavity
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extends for an

eaqq] g?taglceTPﬁ éqnte go%ﬁzeﬁ rsglggc{ea?) gf upper energizing ring 2} is lpormed on
upper inner annular member 47. The outer conical surface 59 is formed on upper outer
annular member 49. The inner and outer conical surfaces 57, 59 of lower energizing
ring 45 are similarly formed on lower inner and outer annular members 33, 55. Inner
and outer conical surfaces 57,-59 may be curved conical surfaces, as shown or straight
conical surfaces. Serrations may be located along surfaces 57 and 59 to resist axial seal
separation of seal 31 from energizing rings 43, 45. Additionally, the upper and lower

interface surfaces 57 and 59 may be selectively coated to provide a differential, and

thereby preferential, activation motion.

Referring to Figure 3, a cylindrical surface 60 is formed on the lower outward-
facing portion of inner annular member 47. A cylindrical surface 62 is formed on the
lower inward-facing portion of outer annular member 49. Cylindrical surfaces 60, 62

are radially spaced apart from each other, defining a clearance or annular cavity 61

11



equal to the axial length of inner and outer conica
surfaces 57, 59. In this enbodinent, cavity 61
extends fromnose 65 to threads 51. A substantially
simlar cavity 61 is formed in | ower energizing ring
45 in the same manner. Referring to Figure 5, tubing
hanger 17 is secured to a string of tubing 67 that
extends into the well. Tubing hanger 17 is secured
wi t hi n tubing spool 11 by | ockdown screws 69 or sone
ot her conventional device. In operation, tubing 67
(Fig. 5) is nade up, |lowered into the well and secured
to tubing hanger 17, which is carrying seal assenbly
29 as shown in Figure 1. Agap will initially exists
bdnetanetbemcghvindé | talociedh dutBBintalty equidistamti letveemurohaaksurfaces
60, as shown in 12 Figure 3. As tubing hanger 17 is
5. @9ered into tubing spool bore 13, shoulder ring 23
will land on bore shoul der 15. The wei ght of tubing 67
(Figure 5) causes shear pin 25 to shear, resulting in

t ubi NGeNAPYEST the sUFRCENQD, BRVIMRH Gk s!h@{»vattig\é@aﬁnplesb ot bgeice 62,
ring 23 to the set position shown in Figure 2. The
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rther.
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surface 60, providing a slight gap at nose 65. During setting, band 62 will contact
outward-facing cylindrical surface 60, closing the nose end of cavity 61. The axial
{ength of inward-facing cylindrical surface 62 is preferably much greater than the axial
length of band 63. Cavity 61 preferably extends for an axial distance that is at least
equal to the axial length of inner and outer conical surfacés 57, 59. In this embodiment,
cavity 61 extends from nose 65 to threads 51. A substantially similar cavity 61 is

formed in lower energizing ring 45 in the same manner.

Referring to Figure 5, tubing hanger 17 is secured to a string of tubing 67 that
extends into the well. Tubing hanger 17 is secured within tubing spool 11 by lockdown

screws 69 or some other conventional device.

In operation, tubing 67 (Fig. 5) is made up, lowered into the well and secured to
tubing hanger 17, which is carrying seal assembly 29 as shown in Figure 1. A gap will

initially exists between cylindrical band 63 and cylindrical surface 60, as shown in

12



35 radially inward into sealing engagenment with the
cylindrical wall of seal pocket 19. This axial
novenent al so forces outer wall 37 of-seal ring 31
outward into sealing engagenent with the wall of bore
13, as shown in Figure 2. Vent passages or
penetration holes nay be incorporated across band 63
and t hrough upper and | ower energizer rings 43, 45 so
that a hydraulic |lock condition does not prevent axia
make-up of the energizer and seal system For test
and nonitoring purposes, a radial cross hole nay be
added across seal body 31. Referring to Figure 3, as
i nner and outer annul ar nmenbers 47, 49 nove axially
Figwe¢ at i Axetubingdeagerrli7ng [Sdgred heo tuebiigspond biérh 181 stealdet ying 23
61 decreases. Cavity 61 simlarly decreases in wdth

wiil NarldOMEBore Biefuldde? 1159 The REigh of ke 6B Hiyur® anchuees shear pin 25
contacts surface 60 as shown in Figure 4, closing

to %‘éf tré/suﬁﬂq af whChddger 1Woﬁﬁ%&b\ﬂﬂwﬁ§ ré!aﬁ\teodé sHBITBG ring 23 to
omnmard force due to the weight of tubing string

zet 'sﬁmzl?)w\ﬁrg ?é ot oTﬁé9 ff\tNarJdnrHS&eme%P df %ﬂr% h%nljger 17

rd eac er continuing t
ol s 0%1861” it ?%3%?% ﬁ%&% SR, 5%35199“”%9%?? ind
cavity i | r H din width over its
OB BE Hiswidet ik MOAAFID U PRSE e . 49 © advance
cylindrjical surfaces 60 and 62. . .
further into slots 41. This axial movement of energizing rings 43, 45 forces seal bands
35 radially inward into sealing engagement with the cylindrical wall of seal pocket 19.
This axial movement also forces outer wall 37 of seal ring 31 outward into sealing
engagement with the wall of bore 13, as shown in Figure 2. Vent passages or
penetration holes may be incorporated across band 63 and through upper and lower
energizer rings 43, 45 so that a hydraulic lock condition does not prevent axial make-up

of the energizer and seal system. For test and monitoring purposes, a radial cross hole

may be added across seal body 31.

Referring to Figure 3, as inner and outer annular members 47, 49 move axially
relative to seal ring 31, the radial width of cavity 61 decreases. Cavity 61 similarly
decreases in width in lower energizing ring 45. Eventually band 63 contacts surface 60
as shown in Figure 4, closing cavity 61 at nose 65, and serving as a stop member. The
downward force due to the weight of tubing string 67 (Fig. 5) continues to deflect inner

and outer members 47, 49 toward each other, continuing to reduce the width of cavity
I3



The defl ection of inner and outer nenbers 47, 49

toward each other preferably does not exceed the

yield strength of the netal of which they are forned.

Being wwthin the elastic range, nenbers 47, 49

continue to exert radial inward and outward forces on

seal ring inner and outer walls 33, 37 after setting.

This radial preload force is not dependent on wei ght

continuing to be applied to energizing rings 43, 45

fromthe string of tubing 67 (Fig. 5). Because of the

friction of the | ocking taper between energizing

rings 43, 45 and the walls of slots 41, an increase in

axi al length of seal pocket 19 due to thermal growth
6naftdr Haad 66 diss eornaed)ismifang G0L ngs tke3fulldt Set podiaok(Fogst 2 ahd 4),

slots 41. The deflection of the upper and | ower inner
caddl 6 DU B be Wetub&d H3widh/ o its Gditiall foRBiod 1nit Sole ¥ aghncd Reénains

elastic limt or yield strength of the netal of sea
b&W&%_?ﬁmhkﬁpﬁmﬁéxﬁﬁQﬁE@Qnt The invention has

significant advantages. The internal cavity stores

energy to nmmintain the nmetal-to-netal sealing

engagenRitctiohfofr il HHJ o&[alox%*ﬂb&@h?f 46 RNSEP edRQthdr l,bbéf&gbly
hanger to nove axially relative to the tubing head,

do%pﬁotq&m\ﬁg gafars?r%n%d/th' of *1'1% :%JR% (%f\Qﬁ‘l &t%n V\ggretfﬁﬁreeﬁit. rg@lgg within

en el mna ver

| t
T R R R P R
%\{}wﬂ%&a&r}bg@g %}q@% a% ) n er s%gtl%lgt | lﬂglralidy al prgloa(? force 1s not

dependent on weight continuing to be applied to energizing rings 43, 45 from the string
of tubing 67 (Fig. 5). Because of the friction of the locking taper between energizing
rings 43, 45 and the walls of slots 41, an increase in axial length of seal pocket 19 due
to thermal growth will not cause energizing rings 43, 45 to back out of slots 41. The
deflection of the upper and lower inner and outer walls 33, 37 of seal ring 31 is beyond

the elastic limit or yield strength of the metal of seal ring 31, thus is permanent.

The invention has significant advantages. The internal cavity stores energy to
maintain the metal-to-metal sealing engagement. If thermal growth later causes the
tubing hanger to move axially relative to the tubing head, the downward force due to the
weight of the siring may be reduced or even eliminated. However, the sealing
engagement is maintained because of the radial preloaded bias created by the internal

cavity within each energizing ring. Additionally, radial movement due to thermal
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transients is accommpdated w thout |oss of the sea
energy force. This flexing energizer system in
contrast to solid energizer rings of prior inventions,
provi des stored energy by which seal integrity is
mai nt ai ned. Wiile the invention has been shown in only
one of its forms, it should be apparent to those
skilled in the art that it is not so limted but is
suscepti bl e to various changes w thout the scope. For
exanpl e, in some instances, the shoulder ring could
be renoved, with the | ower energizing ring |anding
directly on a shoulder in the bore of the tubing
head. The seal could be configured for wthstandi ng
trapkiests i Rcdhrimoddtyd &ithdun e oflihegedl icpergy drcal €Bhis Beking energizer
having only a single energizing ring. Each energizing
syt irC&HudstRE shd BRGgiQbr ngsi JTPridr RIS, Mol flled BBred energy
cavity formed by machining. The seal assenbly could

b}ﬁbﬁlﬁm&‘ﬁl ﬁgggjﬂg%’lﬁ gnag}%&\‘i%eWh@e GRSk GhiBARYEBceA B in only one of

ead 15 aims: 1. A wellhead sea
itsaf%%smﬂ! Qﬁo&l%rbesaﬁ)ﬁlujeﬁtgﬁp kf%s%?(ﬁleh ﬁ}{‘ﬁ)l% a?{]tgatqwsqot%!lilﬂ'ﬁ%@%ut is
mMEmbers, conprising’ a netal seal ring having inner
sugq%gftiﬁg ttc? \rfar\tl\glls lcﬁansggg \avritgglﬁc{hg ¥co%e.g %Qle é)?alnl e, %1(1) Q(I)n%g l1nstances, the
shoulder ring could be removed, with the lower energizing ring landing directly on a
shoulder in the bore of the tubing head. The seal could be configured for withstanding
pressure in only a single direction, if desired, having only a single energizing ring.
Each energizing ring could be formed of a single member, with the cavity formed by

machining. The seal assembly could also be employed between a casing hanger and a

wellhead housing.
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a netal, energizing ring having inner and outer
generally conical surfaces that slidingly engage the
i nner and outer walls in the slot of the seal ring
during installation to push the inner and outer walls
into sealing engagenent with the inner and outer
wel | head nenbers; and wherein the energizing ring has
an internal cavity |ocated between the inner and outer
generally conical surfaces to allow the inner and
outer generally conical surfaces to deflect toward
each other during installation. 2. The seal assenbly
according to claim1, wherein the deflection of the
i nner and outer conical surfaces is elastic. 3. The
seal assenbly according to claim1, further

CraAprising: a stop nenber that limts the deflection
of at least part of the inner and outer conica

1. SARSARER sEAWRFbBAHR s@lilE betwhkbn thnerldh@ cBR2 kveABSAMNnYbers,
according to claim1, wherein the energizing ring has

se. at an end of the inner and outer conica

Cogwggggés, and the cavity has a portion that extends

ol e P R e B GRS e PRl Brical

cl ai®

slot;

a metal, energizing ring having inner and outer generally conical surfaces that
slidingly engage the inner and outer walls in the slot of the seal ring during installation
to push the inner and outer walls into sealing engagement with the inner and outer
wellhead members; and wherein

the energizing ring has an internal cavity located between the inner and outer
generally conical surfaces to allow the inner and outer generally conical surfaces to

deflect toward each other during installation.

2. The seal assembly according to claim 1, wherein the deflection of the inner and outer

conical surfaces is elastic.

3. The seal assembly according to claim 1, further comprising:
a stop member that limits the deflection of at least part of the inner and outer

conical surfaces toward each other.
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an i nner annul ar nmenber and an outer annul ar nmenber
secured together, the inner and outer annul ar nenbers
havi ng outward-facing and i nward-facing cavity walls,
respectively, that define the cavity. 6. The sea
assenbly according to claim5, wherein one of the
annul ar nenbers has a protruding band fornmed at an
end of its cavity wall for contacting the cavity wall
of the other annular nmenber. 7. The seal assenbly
according to claim1, wherein the energizing ring has
a supporting portion with inner and outer cylindrica
wal l's that join the inner and outer conical surfaces,
t he supporting portion having a radial thickness

4. 9hb st atsemblyyacthrdingaorelads 1 awheraiditad erfelgizikgeas hafa ddseat an
seal ring. 8. The seal assenbly according to claim1,

enEHIR) iRner ard obBEcdnidabiitfkess avd thy chas e Mipbitiondhdt $x@A&
radi al |y spaced apart fromeach other prior to the

.mhﬂgggkhggéon; and after the installation, the cavity
wal'l s are still spaced apart from each other but by a
| esser amount. 9. A well head seal assenbly for sealing
bet ween i nner and outer well head nenbers,

5. The seal assembly according to claim 1, wherein the energizing ring comprises:
an inner annular member and an outer annular member secured together, the
inner and outer annular members having outward-facing and inward-facing cavity

walls, respectively, that define the cavity.

6. The seal assembly according to claim 5, wherein one of the annular members has a
protruding band formed at an end of its cavity wall for contacting the cavity wall of the

other annular member.
7. The seal assembly according to claim 1, wherein the energizing ring has a supporting
portion with inner and outer cylindrical walls that join the inner and outer conical

surfaces, the supporting portion having a radial thickness substantially the same as a

radial thickness of the seal ring.

8. The seal assembly according to claim 1, wherein:
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conprising: a nmetal seal ring having an inner and
outer walls separated by a slot that reduces in
wi dt h; a netal- i nner annul ar nmenber havi ng an
outward-facing cavity surface and a conical inner
surface; a netal outer annul ar nenber having an

i nward-facing cavity surface and a conical outer
surface, the inner and outer annular nenbers having
supporting portions fastened to each other, defining
an energizing ring, at least portions of the cavity
surfaces bei ng separated from each other; wherein
during installation of the seal, the energizing ring
noves farther in the slot, wth the inner surface of
t he theninestnApmdlydias o@vityeralls larediatiglly sppoehapandrdon eadhrotiest
wal | of the seal and the outer surface of the outer
pridp e ki indte Hgiehn; ﬁMldlneg engagi ng the outer wall of
the seal to medge the inner and outer walls into

s ealyB0in 8 HIBUGHER] theWal ity (A ark BMESpREaARRIm %h'oh%@ﬁut
nenbers 18 portions of” the inner and out er annul ar

bv1B flect radially toward each other during the
i ns a on causing at | east portions of the cavity
surfaces to nove

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

a metal seal ring having an inner and outer walls separated by a slot that reduces
in width;

a metal inner annular member having an outward-facing cavity surface and a
conical inner surface; |

a metal outer annular member having an inward-facing cavity surface and a
conical outer surface, the inner and outer annular members having supporting portions
fastened to each other, defining an energizing ring, at least portions of the cavity
surfaces being separated from each other; wherein

during installation of the seal, the energizing ring moves farther in the slot,

with the inner surface of the inner annular member slidingly engaging the inner wall of
the seal and the outer surface of the outer annular member siidingly engaging the outer
wall of the seal to wedge the inner and outer walls into sealing engagement with the

inner and outer wellhead members;

18



toward but not touch each other; and the deflection of
portions of the inner and outer annul ar nenbers bei ng
within an elastic range of the netal of the annul ar
menbers so as to provide a radial preload force of
the inner and outer walls against the inner and outer
wel | head nenbers. 10. The seal assenbly according to
claim9, further conprising: an annul ar band | ocated
on and protruding froman end of one of the cavity
surfaces, the annul ar band contacting the cavity
surface of the other of the annular nenbers during
the installation. 11. The seal assenbly according to
claim9, wherein the inner and outer annular nenbers
of tiveti@neif dicZhing and ngeadnauke membdrstdeflea cididiyhtewartiyeach
threads. 12. The seal assenbly according to claim?9,
othbreluging tHel18st8l8Vibh YeaB8lhd ACEHL faviensofitad cavit® BGHRSs Rtmove
| east equal to the axial |lengths of the conical inner

toMAR I hE! toS 288 Bfher; 294 13- The seal assenbly according
to claim9, wherein the energizing rlng has a

SuppfL Héfﬂzg @p&t%o?tnon\éﬂotfhneQHﬁeﬁ%@butEm Arembers bem within

substant i al sane as a radi al 8 ness ot "the
K f%?g?ﬁagﬂsgwe@yfﬁmapaﬁ‘sr APt 5 Rt £relafpichu

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

10. The seal assembly according to claim 9, further comprising:
an annular band located on and protruding from an end of one of the cavity
surfaces, the annular band contacting the cavity surface of the other of the annular

members during the installation.

11. The seal assembly according to claim 9, wherein the inner and outer annular

members of the energizing ring are secured to each other by threads.

12. The seal assembly according to claim 9, wherein the cavity surfaces have axial

lengths at least equal to the axial lengths of the conical inner and outer surfaces.
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15. A wel | head assenbly, conprising: an outer well head
menber; an i nner well head nenber for securing to a
string of conduit and landing within the outer
wel | head nmenber; a netal seal ring carried by the
i nner wel | head nenber and havi ng an upper section and
a | ower section, each of the sections having inner and
outer walls separated by a conical slot; upper and
| ower energizing rings carried by the inner well head
menber in engagenent wth the slots in the upper and
| ower sections, respectively; upper and | ower
shoul ders on the inner well head nmenber that are
configured to nove toward each other in response to
13WEhgtenl aterhbig asdording tcoflaieo® duticteinkterentiyeinguieds has a
wel | head nenber- I ands in the outer well head nenber,
sufpiEhNgortifewith Resdi Anklick AL EubsRALI B tBE R@nd AsNOSdiDthRN&s of
toward each other; 20 an engagi ng portion of each of
thd 881 §AEr 9i zi ng rings having conical inner and outer
surfaces that wedge the inner and outer walls of one
of the sections of the seal ring apart into sealing
engagenent with the inner and outer well head nenbers

14W§ensetapaessembiy according to claim 9, wherein the cavity surfaces are cylindrical.

15. A wellhead assembly, comprising:

an outer wellhead member;

an inner wellhead member for securing to a string of conduit and landing within
the outer wellhead member;

a metal seal ring carried by the inner wellhead member and having an upper
section and a lower section, each of the sections having inner and outer walls separatéd
by a conical slot;

upper and lower energizing rings carried by the inner welthead member in
engagement with the slots in the upper and lower sections, respectively;

upper and lower shoulders on the inner wellhead member that are configured to
move toward each other in response to weight of the stliing of conduit when the inner
wellhead member lands in the outer wellhead member, causing the upper and lower

energizing rings to move toward each other;
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engagi ng portions are advanced into the slots; an

i nternal annular cavity extending within the engagi ng
portion of each of the energizing rings for an axi al
length that is at |east equal to an axial |ength of
the engaging portion of each of the energizing rings;
and wherein during installation of the seal, the
annul ar cavity reduces in radial wdth and the

coni cal portions of each of the energizing rings

el astically deflect toward each other. 16. The
wel | head assenbly according to claim15, wherein:

each of the engaging portions has a nose; each of the
cavities has an nose portion at the nose that prior to
I nstaalchgddipdiien &f cablesSME edrgizingtringn hivirg c@ii@il minagand
portion of each of the cavities; and during

ou'tél%ﬁﬁééeﬁﬂapﬂed nﬁe M8k Vuter WAl Of orleT tigAictidRDf €leQSA ring
up. 17. The well head assenbly according to claim 15,

ap R G:6 g&hﬁgeﬁgaggmtﬁgg%&ﬂﬁé Sinkl B Jdt&%llh&ﬁ?ﬁéhﬁéﬁ whaalth@n

I nner ann er and an outer annul ar

engz?g(irllj }%jrtig)ns a8 g&bag&!?ielﬁt’o thé glgts;

an internal annular cavity extending within the engaging portion of each of the
energizing rings for an axial length that is at least equal to an axial length of the
engaging portion of each of the energizing rings; and
wherein during installation of the seal, the annular cavity reduces in radial
width and the conical portions of each of the energizing rings elastically deflect toward

each other.

16. The wellhead assembly according to claim 15, wherein:

each of the engaging portions has a nose;

each of the cavities has an nose portion at the nose that prior to installation has a
lesser width than the remaining portion of each of the cavities; and

during installation, the nose portions of the cavities close up.

17. The wellhead assembly according to claim 15, wherein each of the energizing rings

comprises:
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t he i nner annul ar nmenber havi ng an outward-facing
cavity surface radially spaced froman inward-facing
cavity surface-of the outer annul ar nenber to define
the cavity. 18. The well head assenbly according to
claim17, wherein one of the cavity surfaces has an
end portion containing a protruding band, the band
spaced fromthe other of the <cavity surfaces prior to
the installation and contacting the other of the
cavity surfaces after the installation. 19. The
wel | head assenbly according to claim15, wherein the
cavity has a cylindrical configuration. 20. A
wel | head seal assenbly for sealing between inner and
out efn inedr hiedg manie rsd an cwepannglangemdemnetatd seakch pihag
havi ng i nner and outer walls separated by a generally
argoni cal slot; a grooved profile on an outer surface
of the outer wall; an outer |ayer of material softer

thanpd H@lelr%ﬁlﬁiar ﬁﬁfem'bl%ena%ﬁl%l an'duRBarl B4 £EVAY shilffRe radially
grooved profile and on the outer surface of the outer
sp%d fron?glgm%v%rdiacmg cavity surface of the outer annular member to define the

cavity.

18. The wellhead assembly according to claim 17, wherein one of the cavity surfaces
has an end portion containing a protruding band, the band spaced from the other of the
cavity surfaces prior to the installation and contacting the other of the cavity surfaces

after the installation.

19. The wellhead assembly according to claim 15, wherein the cavity has a cylindrical
configuration.
20. A wellhead seal assembly for sealing between inner and outer wellhead members,
comprising:

a metal seal ring having inner and outer walls separated by a generally conical
slot;

a grooved profile on an outer surface of the outer wall;

an outer layer of material softer than the metal of the seal ring located on the

* grooved profile and on the outer surface of the outer wall; and
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a netal energizing ring having inner and outer
generally conical surfaces that slidingly engage the
i nner and outer walls in the slot of the seal ring
during installation to push the inner into sealing
engagenent with the inner well head nenber and the
outer layer into sealing engagenent with the outer
wel | head nmenber. 23

a metal energizing ring having inner and outer generally conical surfaces that
slidingly engage the inner and outer walls in the slot of the seal ring during installation
to push the inner into sealing engagement with the inner wellhead member and the

outer layer into sealing engagement with the outer wellhead member.
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