2213515 - 1-- VELLHEAD W TH ECCENTRI C CASI NG SEAL RI NG Thi s invention

rel ates to casing seals for well- heads, and in particular to a netal sea
for seallng bet - ween the casing and the wel | head bore. 5 In a '
conpleted oil or gas well, one or nore strings of ‘casing is cenented in the.

well. A wellhead housing is |ocated at the surface for supp?2 g upper
end of the casing. The wellhead housing includes a | ower por ubﬁ.s éﬁ

whi ch the casing protrudes up- 10 wardly. A casing hanger supports the
casing in the lower wellhead housing. After,cenmenting, the upper end of the
casing is cut off a selected distance above1the | ower wel | head housing. An
Epper mel#ﬂead housi NQEIL.HEAD &I T RCCENTREC QASINGASBALtRENGower wel | head
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the casing and then c?é)slngveéﬁche@de hee'Bingad segeient |y, the axis of tl

casing wll be sllghtl of f center ive to the axis of the bore of the
upper wel | héad hou3|ndx‘§e ?%éd%gi origd %eh%hf't%ﬂelﬂrtﬂggmell
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have netal seal Seal s are | onger are hot subject to :
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upper wel | head h@afligad TheusSing. nnfaérseementlnhenthecappdrlanglaéethmhlIq:
this technique casing is cut off a selected distance above the lower

wellhead housing.
_ An ﬁpper wellhead housing is bolted to the upper
15 end of the lower wellhead housing. The upper wellhead
_housing has a bore that receives the upper end of the
ca51ng. A ca51ng seal seals the upper end of the ca51ng
to the bore of the upper wellhead hous1ng to prevent
. leakage from the annulus between the casing and the upper
20 wellhead housing. '

Frequently, the axis of the casing will be
slightly off center relative to the axis of the bore of
the upper wellhead housing. Because the casing is cemen- )
ted in the well, it cannot be moved to change the axial Q;}

25 alignment. With elastomeric seals, slight misalignment
presents no great problem. Many wells, now, however,
. have metal seals. Metal seals are longer lasting and are
not subject to deterioration frqm certain well fluids to
the extent that elastomeric seals may be. However, a
30 metal seal requires a very precise fit in order to
accomplish sealing.

In the prior art technique the upper end of the
casing is machined at the well site until it is co- _
axial with the bore of the upper wellhead housing. The

35 metal seal is then located in place. While this technique

works, it is expensive and time-consuming to machine the
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i+ s expensive and time-consumng to machine the -
the field site. In this invention, field machining of the casing is not
necessary. The nmetal seal ring has a cylindrical inner wall and a conical
wall. The inner and 5 outer walls are formed eccentric to each
The centerline of the outer wall is offset a slight distance from

it into tight engagenent with the casing. The wedge 10

2 - casing at

A wedge ring fits around the seal ring to

ri ng has

i nner and outer walls that are ecceénttic with one another. The two

may be ro- tactgﬁdir{qelaag iME tﬁcirhevaa%%t her until the centerline of the
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to actuation. 25 distanceifugre the sc%lit@ﬂm@ﬁ gehe i Hineefd bhal vi ew of
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' eccentric with one another. The two rings may be ro-

tated relative to one another until the centerline of

the inner wall of the seal ring coincides with the

axis of the upper wellhead bore, or is placed eccen-

15 trically by relative rotation to align with the axis

of the suspended casing. This provides precise align-

ment for the metal seal. Also, preferably, the inner

wall of the seal ring has a plurality of annular pro-

trusions or bands. These bands are of softer metal

20 than the casing and deform to provide a good seal.

Figure 1 is a partial vertical sectional view

illustrating a wellhead assembly constructed in accor-

dance with this invention, and showing the seal

prior to actuation.

25 Figure 2 is an enlarged partial sectional view

of the seal ring of the wellhead assembly of Figure 1.

‘Figure 3 is a partial sectional view of the

wellhead assembly of Figure 1, taken along the line

IITI-III of Figure 1.

30 Figure 4 is a partial vertical sectional view

of the wellhead assembly of Figure 1, and showing the

seal actuated.

Figure 5 is a partial vertical sectional view

of an alternate embodiment of a wellhead assembly

35 constructed in accordance with this invention.



“Figure 5 is a partial vertical sectional view of an alternate enbodi nent of
a wel |l head assenbly 35 constructed in accordance with this invention.

- 3 - Referring to Figure 1, the well head assenbly includes a | ower :
wel | head housing 11. Lower wellhead housing 11 is a tubul ar nenber, having
~an axi al bore 13. A landing shoulder 15 is located in the bore 13. 5 An
external flange 17 is located on the upper end of the |ower well head
‘housing 11. A netal seal 19 is |lo- cated on the upper end of the flange 17!
A string of casing 21 extends through t he 1 over wel | head housing 11. Casi ng

21 is supported on the lguel,d{hgWel INEAG-OIOHSI 115k Lo Pihéad asd didmanger 23.
Casi ng hanger 23 is conventlonal and js installed after the .casi ﬁ 21 has

been cenented. |t iNEIUARSs. 3 IWURK ﬁ&%ﬁ@a@mmnq ahtis ehHe'g
shoul der .15. The qaaidthdanpeis 23 tmmmmeﬁgmavm%lwﬁpcbmve

the |andi ng ring Jural.it ps are carr
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shoulder 37 locate
has been cemented It includes a landlng ring 25 that

lands on the landing shoulder 15. The casing hanger 23 E
ineludes a wedge ring 27 located above the landing'ringe
15 25. A pluralitY-of'slips 29 are carried by the wedge _
. ring 27. The slips 29 are pushed inward by the inclined |
surfaces located between the wedge ring 27 and the '
slips 29. This causes teeth on the slips 29 to bite in-
to the casing 21 and provide support.
20 A test ring 31 of conventional design is located
in the bore 13 above the hanger 23. The test ring 31
has a passage 32 extending between the inner and outer
walls of the test ring 31. Test'ring 31 is sealed bet-
ween the .bore 13 and the casing 21 by elastomeric seals Kgi
25 - 34. _ _

An . upper wellhead housing 33 lands on the lower
wellhead housing 11. Upper wellhead housing 33 has an
axial bore 35 that. is coaxial with the bore 13 of the
lower wellhead housing 11. The upper wellhead housing.

'30 33 has a downward facing shoulder 37 located in the
bore 35. A flange 39 .is formed on the lower end of the
upper wellhead housing 33 for cohnection to the flange
17 of the lower wellhead housing 11. The flanges 17,
39 and bolts (not shown) serve as means for'eonnecting

35 the upper wellhead housing 33 to the lower wellhead



bore 35...A flange 39.is formed on the | ower end of the upper wel | head
housi ng 33 for connection to the flange 17 of the | ower wellhead housing
11. .-The flanges 17, 39 and bolts (not shown) serve as neans for connecting
.35+« the upper mellhead housing 33 to the lower wellhead. - 4 - housing
11. A passage (not shown) extends fromthe ex- terior to the passage 32 in
the test ring for test pur- poses. A seal-ring 41 is located in the upper
el | head 5 housi ng bore 35 above the test ring 31. Referring to Figure 2,
the seal ring 41 has an inner wall 43 that~i% Tylindrical. A plurality of

annul ar prOtrUSIOQQoﬁglﬁ?nﬂﬁ IR §5§§é@@e(ﬁ6w%@ﬁbwﬁpnéiﬁ@nd@nefomw&me4ék-The
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| ower surfaces, angogesy- |indrical |nner dianeter or crest. The seal ring
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preferably, the steel e ste e casin .
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i nner. wal I 43. Ref [ E sgah fhbwerddubascascenharhi 8o-
which coi nci des mnﬁhg Egu%gﬁtggHﬁﬁggonggfsg : Lofier4dubaacasqeah 0%
lindrical inner diameter or crest.

The seal ring 41 is solid and is constructed of
metal, preferably steel. Also, preferably, the steel
15 . is softer than the steel of the casing 21. Typical ca-
sing may have a yield strength of 55 to 60,000 psi.
Preferably, the yield strength of the seal ring 41 will . N
be about half of the yield strength of the casing 21.
This results in the bands 45 deforming permanently when
20 the seal ring 41 is actuated.
Referring still to Figure 2, seal ring 41 has an
outer wall 47 that is frusto-conical. It inclines from
o _ a smaller diameter onthe upper end to a larger dia-
.\_j - ' meter on its lower end. The 1ower edge 49 of seal ring
25 41 is also a frusto-conical surface. It tapers down-
ward from the outer wall 47 to the inner wall 43.
Referring to Figure 3, the seal ring 41 has a
centerline which coincides with the centerline or axis
51 of the. casing 21. The axis 51, however, frequently
30 will be offset a slight distance from the axis 53 of
the upper wellhead housing bore 35.-In.Figure 3, the
casing axis 51 is shown offset to the left from the
bore axis 53. Figure 3 is exaggerated greatly, as the
amount of offset will normally be less than 0.100 inch.
35 - To accommbdate the misalignment of the casing 21



51 of the casing 21. The axis 51, however, frequently 30 will be of fset
a slight distance fromthe axis 53 of the upper wellhead housing bore 35.
~In Figure 3, the casing axis 51 is shown offset to the left fromthe bor e
axis 53. Figure 3 is exaggerated greatly, as the anpunt of offset w.ll ’

normal ly be | ess than 0.100 inch. 35 - -To acconmpdat e t he :

- msalignment of the casing 21 - 5 - with the upper well head housing 33,
the seal ring 41 is formed eccentric. The outer wall 47 is truly conical,
but its axis or centerllne 55 is offset fronthe center- line of the inner

wal | 43, which cgj J@f&@ﬁeﬁf;&e% rPéu g " Se;Tthééagefﬂ&c#%L”ié he

radi al thickness &f the ring 41 varying. rin ave a
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wedge ring 615 asoishmznnql H gUl'IElé. ré’hdg&srimgtlﬁd fm:.al cﬂmiclahesmrtef wal |

portion 63. The i r t &gﬁ1 $ ends, do :
cylindrical |nnerqﬁgl g 4P e cy rlcal n er ma ? porYlon 65
is sufficiently geaitrs] mﬁlwwmt%kweutérp@ieﬁé%ef BAXimemcasi ng

21 to acconmodat etmﬁmésémsﬁimwemcaim 90 i delgreas £RORTENE! boPRELSPN -
65 does not form ah seal i gnctlon and is also | ar amet er

than the inner wall1® AQERY © et hl%eg‘e%?nr?lhﬁ % nt%gf%a‘ﬁg the lBiehas
an outer wal 4067 wdkl 43 amdtntné ceuit el tie | 55 adlfiptied doteeavabhad Msist he

upper wel | head hqéééﬂgﬂggifh3§50Th§ gegree of t aper of the conical outer k;;

cwall 250 67 is | e degree of taper . of the inner wall 63. The
degr ee -of taper of the Pheeseahl ring is @heuated with assistance of a

wedge ring 61, as shown in Figure 1. Wedge ring 61 has
~a conical inner wall portion 63. The inner wall portion
15 63 extends downward from a cylindrical inner wall por-
tion 65; The cylindrical inner wall portion 65 is
sufficiently greater in diameteﬁ than the outer diame-
ter of the casing 21 to'aqcommbdate normal misalignment;
The cylindrical inner wall portion 65 does not form a
. 20 sealing function and is also 1arger in diameter than the
inner wall 43 (Fig. 2.) of the seal'xing'41. The wedge
ring 61 has an outer wall 67 that is cohical and which
is adapted tq'seal against'the upper wellhead housing = _
bore 35. The degree of taper of the conical cuter wall = \J
25 67 is less than the degree of taper of the inner wall
' 63. The degree of taper of the outer wall 67 is the
same as a conical portion provided in the bore 35 of the
upper wellhead housing 33.
' One or more sealing bands (not shown) are located
30  on the outer wall 67 for sealing against the bore 35.
Wedge ring 61 is not significantly softer than the
upper wellhead housing 33 and the bands do not deform.
- Referring to Figure 3, the wedge ring 61 is also
formed eccentric. The centerline for the inner wall
35 portion 63 will be offset from the centerline for the



sane as -a cohical portion provided in the bore 35 of the upper well head
housi ng 33. One or nore sealing bands (not shown) are |ocated 30 on the
outer wall 67 for sealing agai.nst the bore 35. Wedge ring 61 is not
significantly softer than the upper well head hou3|ng 33 and the bands do
not deform: Referring to Figure 3, the wedge ring 61 is also formed.
eccentric. The centerline for the inner wall 35 portiron 63 wll be offset
ftomthe centerline for the - 6 - outer wall 67. The anount of offset is
al.so about . 050 inch. Th|s results in a varé@ ance in radial thickness. The

mi ni num t hi ckness | 3 cent er- gﬁh%l G 1?9: ]&ﬁ Sers i ees {1 AdBxi 1oy

.t hi ckness point 71. e Inner wall portion 63 wll
coi ncide with the kgherThir BEYHES the AT HNRE otit SFaddkd HricknRSSeal

ring. 41 and wedge fldgnflimie fIiakndie peine io® meas@ mdrare@nma ad-he
-ca3|gg 21 to position t enterline for on_67 1in

C I out er |
al ghwrent 10 with ‘i‘h%e%pg%‘?mv%lwwrbo?}é“gﬂ% %GPOJFQ& e-f %eagaef'ht‘?r-
Figure 1, a drpve limg fidritshé otratex WE&prmrtimnvﬁﬁnﬁallrqpinpzﬁziWiﬁh

shoul der 37 of the p%@ﬁtg\ﬂ{%eh g.dfé‘&(.) ga;’,t hou p&i@éf%li he, caﬂ%g.

hanger 23 is nDunte ower ng 11 to support t
casing 21 after th%e@hsth@gzi1h@@db@%ﬁg%eﬁ@mge@1|%F%I%R%ﬁt5¢kﬁt%% akivR 31

wi |l be positionedgs ne&él@C@thJPeaﬁ@pé‘é ﬂﬁ@ @ésiﬁ@ @aswgp&llwéﬁ fge cut of f
a selected di- stance above the | o ousj n

1
exterior of the caSFmgedvhi %%o@%rtﬁget%%Ye¥lﬂﬁ %1p?§tﬁﬁ? &%rﬁ%h%hlgﬁmﬁnt
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-measured relative {g Lhg.pxis of abe.Lowerqed! Dearl boush e BARken 1ond ©

det er mi ne any misalTgn e axil g
wedge ring 61 and the shoulder 7 of the uppwer well-

head housing 33.
In operation, the casing hanger 23 is mounted

15 in the lower wellhead housing 11 to support the casing
21 after the casing 21 has been cemented in place. The
test ring 31 will be positioned in place. The upper

" end of the casing 21 will be cut off a selected di-
stance above the lower wellhead housing 11.

20 The exterior of the casing 21:above the teét ring
31 is wire brushed and smoothed with emery cloth. The
axis 51 (Fig. 3) of the casing 21 is measured relative
to the axis of the lower wellhead housing bore 13 to

| determine any misalignment The axis 53 of the uppér

25 wellhead housing 33 will always be in allgnment w1th

the axis of the lower wellhead housing bore 13. _
The seal ring 41 and the wedge ring 61 are placed

over the casing 21. Both rings 41 and 61 may be ro=

tated, but normally only one of the rings 41, 61 will

30 be rotated. Rotation is performed until the centerliné

| of the outer wall portion 67 of the wedge ring 61
coincides with the bore axis 53. Markings will be lo-
cated on the wedge ring 61 and the seal ring 41 to
indicate the extent of rotatibn relative to each other.

35 The point of maximum eccentricity is shown in Figure 3, .



25 ‘wel,l head housing 33 will always be in alignnment with the axi's of the

| ower well head housi-ng bore 13. The seal ring 41 and the wedge ring 61 are
pl aced over the casing 21.. Both rings 41 and 61 nay be ro- tated,; but
normal Iy only.one of the rings 41, 61 will 30 be rotated. Rotation is
performed until the centerline of the outer wall portion 67 of the wedge
king 61 coincides with the bore axis 53. Markings will be lo- cated on the
Wwedge ring 61 and the seal ring 41 to indicate the extent of rotation _
relative to each other. 35 The point of freii mum eccentricity is shown in.
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bore axis 53 will QmfNeadgtde (o FBEREBE OI0505DnéNCin dden CELRNtA1§ 61 .
of fset of the seal rlqgk41'a d tgﬁ wedge ring 61 w il ﬁgable { he £ing$ 41,
61 to be pro- perlSPHT ﬁi%?éa% ?’6n’g’9a§u‘fthean?§%ﬁg¥1 e Fitfetlasthg
centerlihe 51 withig hsottred %0 Sd&Pramestnun e pesieion. ddwnntdm. This .
“allows the centerly he,,out | . B7 cwedge g, .gn
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which in turn pushes, downyer d on fhe vedge ring 6. The wedge ring 61 =\
perly positioned as long as the misalignment of the
casing centerline 51 with the bore axis 53 does not
15 exceed .100 inch. This allows the centerline of the
outer wall 67 of the wedge_ring-61 to align perfectly
. with the bore 35. | | |
_ - Once aligned, as shown in Figures 1 and 3, the
upper wellhead housing 33 is bolted tb the lower well-
20 head housing 11. The upper wellhead housing shoulder
| .37 bears down on the drive ring 73, which in turn
pushes downward on the wedge ring-GT. The wedge ring 61
pushes fhe seal ring 41 inward with great force. This )
causes the bands 45 (Fig. 2) to permahently flatten i_)
25 - and deform. This deformation seals any pits or scrat-
ches in the casing 21 while also mating in a gas tight
seal. The outer wall 67 of the wedge ring 61 forms a'_;
‘tight metal seal with the bore 35. The wedge ring 61 in
normal cases will not deform. The actuated position is -
30 shown in Figure 4;
The upper wellhead housing 33 may be removed,
élong with the seal ring 41 at a later date. A replace-
ment seal may be used. Because 6f-£he softness of the
seal ring 41 relative to the casing 21, there will be
35 no need to machine the casing 21 when replacing the



pushes the seéal ring 41 inward with great force. This causes the bands 45
(Fig. 2) to permanently flatten- 25 and deform This deformation seals any
pits or scrat- ches in the casing 21 while also mating in a gas tight sea
The' outer wall 67 of the wedge ring 61 fornms a tight nmetal seal with the
bore 35. The wedge ring 61 in normal cases will not deform The actuated.
position is 30 shown in Figure 4. The upper well head housi ng 33 nay be
renoved, along with the seal ring 41 at a | ater date. A replace- nent seal
may be used. Because of the softness of thé Seal ring 41 relative to the
casing 21, thereé&!dl' AP 1. M Rethded umamene:atmgcasu nGL1A1 odertr as
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coni cal out et0wallarger diametsi @ e é%PR%H |engy' tham pay gehe ]Eca'iﬁé? send-

downward from a |gf gefsi 4l d@isdt ortﬁmvéag@rrﬁ@ ¢ ani DN s § QNCF r i b h 20

Th rive ring 73" poves.the seal rin
Q’d g wedge ring 61 shown I Flgures 1-4. Slmllarly, the cen-

terline (not shown) of the inner wall 63' will be off-
set from the centerline of the outer wall 67°'.

15 The.seal ring 41° also is inverted. It has a
cylindrical inner wall 43' and a conical outer wall 47°'.
The conical outer wall 47'; however:, tapers downward
from a larger dlameter on the upper end than on the
lower end.

20 The drive ring 73' moves the seal ring 41' down-

- ward during actuation. This differs from the first embo-
diment in that the wedge ring 61 is.moved by the drive'
ring 73, rather than the seal ring 41. In other res-

" pects, the embodiment in Figure 5 operates in the same.

25 manner. Rotation of the wedge ring 61' is handled by _
rotating the entire test ring 31'. The rings'41', 61"
are rotated until the centerline of the outer wall 67!
coincides with the axis of the ﬁpper wellhead housing
331, . | | |

30 The invention has significant advantages. The
eccentric wedge and seal rings allow a metal seal to be
made easily between casing.and a wellhead even though
the casing is misaligned with the wellhead. The softness

_ of the seal ring relative to the casing provides a tight

35 seal even if minor impérfections in the surface of the



ward during actuation. This differs fromthe first enbo- diment in that the
wedge ring 61 is noved by the drive ring 73, rather than the seal ring,4l.
In other res- pects, the enbodinent in Figure 5 operates in the sane 25
~manner. Rotation of the wedge ring 61' is handled by rotating the entire "~
test ring 31'. The rings 41, 61' are rotated until the centerline of the .
outer wall 67" coincides with the axis of the upper well head housing 33'.
30 The invention has significant advantages. The eccentric wedge
and seal rings allow.a netal seal to be mad®e -easily between casing and a .
vel L head even {naugh (e G3tisn0rke Worthicaied 9d vdia w@d&éﬂ%&q chge
softness of the sea ing relative to the casing provides a tight 35 seal
even if nminor ing8rfece ofs the cReing-f Fodsorllipws the gealcdq ke dfists.
Thel.sof_t ness al Sﬁl@égﬁd%tﬁ&{ﬂia&@r; @%t@&fiﬁ]&btﬂf ﬁéﬁrﬁ?ﬁiiﬁ& ntEm ks the
"seal to be re- plac at -alater _date wthout refi.nishin eeding to,. w
Gone on the cas) K CPRE OR e SASAR-0 T Arsd 105, 2yoLdY e hrisdh Home”
- of the casiBg. Wiiileddt machrivdmg of Hae eeinghown in onty two of its forns,

it should be apparent 'wﬁﬂéost%eskﬂrwe%iiio@l e Ydod Mowd 1 By Mo of
limted, but is susceptible to various changes W thout departindg fromthe .
scope -of the 10 itsi fpamsi.odt tflosdd be apparegt tq thoge skilledoim nige 1.
An apparatus for gh@r Fhag ath8isanctedo hamsreia abudutiy sidegtfirare ivyner

t ubul ar nenber and g bore_of an out%r t ubul ar rrerrb%r couprising in o

~ conbi nation: various changes without departing Yom thHe scopé of the

10 invention thereof. '



5 .. " .a netal seal ring having an iﬁﬁer wall —adapted to be
positioned afound the inner 'tubular menbe Jnﬂﬂ a conical outer wall,

t he
i nner and outer walls each ha- ving a cente "M! It"ml)l ne of the
i uter
por

inner wal| being radially offset fromthe c

“wal | ; a netal wedge ring having a conical inner wall i on adapt ed to
engage the outer wall of the seal ring, and an outer wall adapted to engage
thhe bore of the outer tubular nmenber, the inner wall portion and the 15
outer wall of the wedge ring each having-al®ermterline, the centerline of
the inner wall peghiyg.of the wedge ring being radlaIIy of fset fromthe
.centerline of the—uurer-mall of the medge rin Hg on?_gj the sea

‘ring and wedge rilng to B& PHPREEF ISe QX FOTmE T h@ etyeed ect ed
ori ent at i ons rel an \vated H&Q.ll Iai'ferant Libiﬂe&‘r Uﬂﬁm@l‘r tn@nmomﬂdat bore of

eccentrl city of the | hfeﬁ:;tru o |mr$g onef rc?m%h lseL l%h%o% qﬁglhe outer

tubutar menber ; e ring an € sea
ring-towar bt he ot her t @ fmerted tsfe@li ey \eviingf atrhensr@at waldg atdmeﬁea‘-lq ng

contact wi th the diele fUiHRY JRARR! i) {01 HehfpierBlancdla { he

wedge ring into sealin engq genent. wth the bore of the outer ‘tuby- 1 ar
‘menber. 30 . 2coniq e dadilyl e iig Tt &G [qWFed weddish§ack AT head
housi n}g | ocat ed atirdh e\htdama‘rltlhe MejHe aféiaf&a:lfmrﬁnd:ﬂwawmgrmd&omuhanger
means for suppor t he ore t he ,wel.l head S|

inproved appar a- etf'g" #’tﬂ'ﬁtﬁﬁd’f}sf%aﬁb %Fﬁ%\léteﬁlt 6 coarjg?clrf\lg an&etq:tqe 35
bore abovel@ he hawdelr; means, conprising in conblnatlon - 11 - a netal

seal ring having. an inng waldy AaEY fy HaPoR td QUL AHOUHhdNGLASI NY,

_anq/a coni cal outer
portion adapted to engage the outer wall of the seal

" ring, and an outer wall adapted to engage the bore of
the outer tubular member, the inner wall portion and the
15 . outer wall of the wedge ring each having a centerline,
the centerline of the inner wall portion of the wedge
ring being radially offset from the centerline of the
outer wall of the wedge ring, allowing one of the seal
ring and wedge ring to be rotated relative to the other
20 to selected orieﬁtations relative to the inner tubular
member to accommodate eccentricity of the inner tubular.
member relative to the bore in the outer tubular member;
' and ' - '
\_J : ' means for moving one of the wedge ring and the seal
25 ring toward the other to force the inner wall of the
seal ring into sealing contact with the inner tubular
‘member and to force the outer wall of the wedge ring |
into sealing engagement with the bore of the outer tubu-
laf nember, '
30 2. In well assembly having a string of casing, a
‘wellhead housing located at the top of the well assembly
"and having a bore, hanger means for supporting the casing
in the bore of the wellhead housing, an improved appara-
tus for forming a metal seal between the easing and the
i 35 bore above the hanger means, comprising in combination:



wal |, the inner- and outer walls being eccentric with respéb’t to bhé

‘anot her; 5 . - a nmetal “wedge ring having-a cbnical I nner wall portion
adapted to engage the outer wall of the seal ring, umu
adapted to engage the bore of the well head housing, H“ﬂl”mnml tion
and the outer wall of the wedge ring being eccentric with"1d " r spect to
one anot her; one of the wedge ring and seal ring being rota- table relative
~¥o0 the other to selected orientations relatj Ve to:the casing to acconmpdate -°
eccentricity of the casing relative to the bore in the wel |l head housing; 15
and means for noving ore meftalhesedhgsinpwmrinchemntigrey iwall @daptes tiwe
inner wall of the, {%sfﬂ%é&&f&ﬁ%ﬂ&%éﬁq{ Clanlf 1 é&ﬁé—‘a{’f'cﬂﬂcépd t°

force the outer e ring Into sealing engagenent 20 _

the bore of the mhlheatdl%dameﬁ’g argl Outqrh Yt ls ReInthISLIRRA T d’“s‘%l?l ng QI -
casing, a well he&@épa@;l o larptatbtaiedne top of the well assenbly and 5—'
havi ng a bore, hanger ne%fg:for ggggorllng}the camn&h#rl#he bore t he
wel | head ho&§|ng, an i B TG ngP?ﬁHQﬂ %eal

" between the caS| peprarigbrt heid;ﬂr@ am)\mlqatme sttragemtmarvall:o:rﬁ)rtma rpdln
conbi nati on: a el Seals WG N AL SddEd A diRte Bld. daptagl Lo

‘be p03|t|oned around the casi ng, a coni ter wa the sea
ring being eccentthe Walklihead ahﬁ‘-bﬁlr%% &&%s@ﬁ%twa}%rm@@ﬁ ranf &£he ni num
“point to a maxi MEpHY RalBGHlaHeafeddo il B MMdEBRG thic afideast one
circul ar protru5|on forned on the inner wall of the seal ring, the
protru5|on'U%|ng ISSREcHs to {h%QW than the casing so as to be
def or med * C L dvie df tHe wedge ring and seal ring belng rota-

table relative to the other to selected orientations {'J
relative to the casing to accommodate eccentricity of
the casing relative to the bore in the wellhead héusihg;
15 “and '_ o : _

‘means for moving one of the rings.toward the
~other ring to.forée the inner wall of the seal ring in-
to sealing contact with_the casing and to force the
outer wall of the wedge ring into sealing engagement

- 20 with the bore of the wellhead housing. _
| 3.- . In well assembly having a string of casing, a
- wellhead housing located at the top of the well
assembly and having a bore, hanger means for supporting
the casing in the bore of the wellhead housing, an im~ J
25  proved apparatus for forming a metal seal between the
casing and the bore above the hanger means, comprising
in combination: _ _

a metal seal ring having a cylindrical inner wall

adapted to be positioned around the casing, and a coni-
© 30 " cal outer wall, the seal ring being eccentric with a
radial thickness that increases from a minimum point to
a maximum p01nt 180 degrees from the minimum point;
| at least one circular protrusion formed on the
inner wall of the seal ring, the protrusion being of a
35 metal softer than the casing so as to be deformed



- 12 - a_gai' nst the ‘casi ng to forma seal when forced inward; a netal wedge
ring having a coni.cal inner wall portion adapted, to ena- e the outer wal

of the seal ring, -and an outer. wal | "adapted to e MMH”’I‘ the
wel | head housrng, t he medge ri ng being eccentrlc i ckness

that increases froma m nimum point to a maxi num poi nt 18 degrees fromthe
m ni mum poi nt; one of the wedge ring and seal ring being rota- 10 tabl e
+elative to the other to selected orlentathas re- lative to the casing to
acconmpdat e eccentricity of the casing relative to the bore in the wel | head
housi ng; and neanaghdnstothegcasdngf tbhdowedge seiedgwhed fhycedalinwiand ;

tovard the other to [or S mEASIPLANGS iR Raliing of BEniBAAT Lk Goiane

seal ring into sealing contact wt sin force 't he outer wal
of the wedge ri ngmitte@eétdta@&eén&&g%mgew‘tﬁ‘ﬁ Ph‘éel?of‘”é 13t ofh&hgesealhead

housing. 4. A mht;hee@ldaeslewtaérf ¥a 19U PR e t@nen@a@tel rwezeore blfe

: upper end of casin rising in .conbinatio head hou5|
t hrough whi cf? t he q@ﬁ@ %Pﬁﬁaﬂﬁglﬁ& 8gﬂﬁaé§ngh§ﬁd@ﬁ ﬁggﬁgtrﬁ the
- lower wel |l head houﬂrﬁhgafmadmappmm elsse thadi r:igl,cr%ses from aamigndmeum
wel | head housi ng or, e ra%%q and
' %% %Xl%% li’?ﬂ‘:ﬁrecerv gin ore tnﬁgl il

on top of the |lo ead ousi ng upper
end of the ca3|ngpqwﬂnm for connecting the upper. mellhead housi ng 30 to

thleI | ower wel | head housigys oF Micdlw riind0 W ist 18 yGWd wﬂr@lrdﬂmer

vail CThe Trr o %"%é%ei%%dqv;%rgtﬁé‘%mtﬁbesrﬂ%emeaﬁqW“' S oo

the inner wal | bemu;jﬂi to pfaaldad it tan hacathineddat eofefcsmn irianitiyheof  the

ceqrerline of casing relative to the bore in the wellhead housing; and
| means for movihg one of the wedge ring and the
seal ring toward the other to force the protrusion on

15 the inner wall of the seal ring into sealing contact
with the casing and.to'fcrce the outer wall of the wedge
ring into sealing engagement with the bore of the well-"
head housing. | |
4. A wellhead assembly for supportlng and seallng

20 the upper end of casing, comprising in combination:

a lower wellhead housing through which the upper
end of the casing protrudes;

hanger:means'in the lower wellhead housing for
supporting the casing;

25 an upper wellhead housing having a bore, the upper
wellhead housing adapted to land on top of the lower
wellhead housing for receiving in the bore the upper end
of the casing;

means for connecting the upper wellhead housing

30 to the lower wellhead housing;

a metal seal ring having a cyllndrlcal inner wall

adapted to be positioned around the casing, and a coni-

| cal outer wall, the inner and outer walls each.having a
centerline, the centerline of the inner wall being

35 | parallel to and radially offset from the centerline of



*  C L M S = * - 13 - the oute+—ma+¥——a—ﬁe%a+—ﬂedge r|ng haV|ng a -
«coni cal inner wall portion which is adapt uter wall -of the
seal ring, the wedge ring -having an outer Mm‘uﬂﬁi‘ ﬂ llj'mlﬁ to engage the

- bore of the upper wellhead housing, the | and the outer . :
wal | of the wedge ring each having a centerline, the centerline of the
inner wall portion of the wedge ring being parallel to and radially offset
ffromthe centerline of the outer 10 wall of the wedge ring; one of the
‘wedge ring and the seal ring being ro- tatab¥e relative to the other to

sel ected orient atgisoed@twayrr o the casing to acconmpdate: eccentr|C|ty of
t he upper end of the casing r Iat ve tpo t bore in the 1 | I head
housi ng; and neans for ?nﬂﬁ%ﬁ&f %ﬁ Yﬁ%ghqﬁbkn?dﬁa?%n}ﬁ% o%%%g rce
the inner wall ofpdthteiceathicingis mdapead | thy engaget the tdutde wa]slngfand ro

force the outer Vgl ofaineraedoens | aab0 o1 SN ERISTELL YLD Jlgp Ser

bore of 20 t he pe u-
connected toSthe ¢ ¢°w%¢$%%%dtMQu%¢ﬁ§ of the upm%xhwﬂlih#aﬁoh%¢ﬁ§n%;netal

‘seal between Cas'iﬂbafﬁh@rb@éﬁl'ﬁo?tﬂ@ﬁ'@ﬁ@dtﬁéu§tﬂgr ﬁ&ﬂPréﬁ'Eﬁb'ﬁbdge

conmbi na- ‘tion: 25 ing around fhe -casing a netal seal r|ng
having a cylindritiRdisRSh 6%an%nﬂ %?%Bﬂ¥i%Te0u¥ Gerteriineahethand |

outer walls each imvengwaltenpetiohi of, théewe@@éeringebeinghparahbelwﬂbl
being radially Ofiéétrééfgligﬁ?EfQéEVkf&ﬁ Eﬁet88n9¥£f£n¥@$k F@Q outer

pl aci ng ‘around the casin havi ng a coni ca nner- wal |
portion mAthOthe‘Wmhbroﬁatheﬁ@¢@g%nrbﬂ@ag|ng t he outer wal | of the sea

ring, the wedge ring hayh@0ofNcREtQREAYE! tinghgndNERE ¥841 ring being ro- u
tatable relative to the other to selected orientations '
relative'to_the casing to acgommodate eccentricity of

_ ‘the upper end 6f the casing relative to the bore in the

15 ﬁpper wellhead housing; and

means for moving one of the rings toward the other
to force the inner wall of the seal ring into seaiing
contact with the casing and to force the outer wall of

the wedge ring into sealing engagement with the bore of

20 the upper wellhead hbusing as the upper wellhead hou-
sing is connhected to the lower wellhead housing.
5. . A method for forming a metal seal between casing
and a bore in a wellhead housing, comprising in combina-
tion: ' N
25 plécing around the casing a metal seal ring

having a cylindrical inner wall and a conical outer
wall, the inner and outer walls each having a center-
line, the centerline of the inner wall being radially
offset from the centerline of the outer wall;
30 plac1ng around the casing a metal wedge rlng
hav1ng a conical inner wall portion with the inner
wall portion engaging the outer wall of the seal ring,
the wedge ring having an outer wall, the inner wall
portion and the outer wall of the wedge ring each hav1ng -
35 a centerline, the centerline of the inner wall portlon



portion and the outer wall of the wedge ri
centerline, the centerline of the inner wall portio - 14 - of t he wedge
‘ring béing radially offset fromthe center- Ui m luﬁmlll wal | of the -
wedge ring; rotating one of the seal rlng an | ative to the
other until the centerline of the outer wal | of -t he wedge ring
coincides with an axis of the bore of the wel'| head housing to acconmobdat e
eccentri- city of the casing relative to the bore; and noving one of the
wedge ring and the seal rlng toward the otherigo-force the inner wall of
t he seal 10 rin 0 in con act wt casing and to force the
outer wall of the%d%& S %t aﬁﬁnrcr’g ealt%hgl{)@y TS 1 Phe Hore 1'Tert—he
wel | head housi ng. ldne oﬁArtrzqopmizamsva‘ldr dﬁ)ruhmgvesiqﬁetreﬁlngszeal bet ween an
outer wall of an inner t e

; %E&lm " 'o AN, P dlvﬁqtrﬁa% bidadd! ﬁﬂe‘i

menber, substantially as ore descri reference to
accbﬁpanyl ng drawikagsiver to the \ahersmdigl cheavdanfar king Rf dthe LU4RE
substantial |y @s Rgjel rHJLefQ{ee aRFd Iﬁqd; Wdihd By ana tah tdie fcspnpanyi ng
draw ngs. 20 8. A wel | head se subst ant i al In};@aas her ei nbef ore
described with refRAEh&E e H@@?Wg&%&’ﬁfﬁ‘%r ate RGRRHIET or
formng a netal sesitypeifivetie acanmisid et ardre the zbcvﬂi headtl housi ng, :
substant ially as herei nhglore; GReTd PhaMddbd ST AR tnd Gtd SALE FRANY NI

dr awi ngs.

toward the other to force the inner wall of the seal
10 ring into sealing contact with the casing and to force
L;/ | the outer wall df the wedge ring into sealing engage- -
ment with the bore of the wellhead housing.

6. An apparatus for forming a metal seal between an outer
wall of an inner tubular member and a bore of an outer tubular

15 member, substantially as hereinbefore described with reference
to the accompanying drawings.

7. o A well assembly having a string of casing, substantially

as hereinbefore described with reference to the accompanying

drawings.

- 20 8. A wellhead assembly, substantially as hereinbefore
described with referenée to the accompanying drawings.

9. A method for forming a metal seal between a casing and
a bore in a wellhead housing, substantially as hereinbefore

described with reference to the accompanying drawings.




