METAL SEAL W TH SOFT I NLAYS This invention relates to ¢

wel | heads, and in particular to a netal seal for seal|ng§%2f€igﬁbfﬁégsa5|ng ,
and the well head bore. In a conpleted oil or gas well, one or 5 nore
strings of casing is cemented:iin the wel |~ A wel I head is | ocated at the
surface for supporting the upper end of the casing. The wel'l head includes a
| ower portion through which the casing extends. A casing hanger supports ,
the casing in the |ower portionMBFAL ﬁgAli(‘)‘IWéISQWa%NLAm one techni que, the &
casing hanger f its around the casl ng, and tne upper end of the casing

will be cut off a selected di e a A
casi ng seal or packoff wll %@%Ce’[rg‘gé%&b&?mﬁé\gé%ggaggs%%gig d”?ﬁ‘g %Ipé: of
an upper portion éfelklheads) hand Im sppadicullagy etenta Irekale sealm thor
casing bore to th%emmﬁglsnéwéaencﬁéﬂecsaﬁaegaaadtﬁéew&@ihésadbofa many

wel l's, the produced fluid wll_be 20 atq\g ‘# warmte eraigre as it
reaches the surface of the casithg® e r?ﬁ‘é'ra?ﬁr@ ze PR OF
casing to expasd amdx | y;tthgswebfhembiﬂmvﬁsercemedxtecmotimotheaM@iiy A
This results in aﬂlﬂ&a&@é’”}oeét@é' %ltt r@lfa fé)ct.e tggr ?Ep%grt(il % to

t he wel | head. 25 oneric Sea re-u
packof fs primari | BPPRRSNG f st%uFGS#BQerﬁbé weilhgad imcdudesf aa>a.|oaqer

nmovenment of the cagdrdide! %hk'\b% &hgcmléﬁea@aéﬁ\gevskteﬁaéal ﬁe@a%ia{ge
now preferred for man oi |l fi agllcat ons, N%é eals 30 .are nge
lasting and %ts“p%%ﬁ:%cg E3SHRI R PR HWPFOPPEEFP&: r‘?fvvé:I
fluids to thelé)<t ew&l]tttead.el astonmeric seals may be. However, a netal seal
requires a very precise fit inprdgn L&M{}g’i SQhe casing hanger fits
around the casing, and the upper end of the casing (
will be cut off a selected distance above the wellhead
after cementing. A casing seal or packoff will be
15 placed between the casihg and the bore of an upper
portion of the wellhead. This packoff prevents leakage
from the casing bore to the annulus between the casing
and the Wellhe.ad.
In many wells, the produced fluid will be
20 at a fairly warm temperature as it reaches the surface
of the casing. The warm temperature can cause the
casing to expand axially. The wellhead, however, will
not move axially. This results in a slight amount of
axial movement of the casing relative to the wellhead. )
25 In the past, elastomeric seals were used -
as packoffs primarily. These seals would tolerate a
slight amount of axial movement of the casing relative
to the wellhead. However, metal seals are now
preferred for many oil field applications. Metal seals
30 are longer lasting and are not subject  to
deterioration from certain well fluids to the extent
that elastomeric seals may be. However, a metal seal
requires a very precise fit' in order to accomplish




2 sealing. Also, axial novenent would danage the sealing ability of the
metal. seal. In U S Patent 4,711,832, Charles D. Bridges, Septenber 20,
988, a netal* seal is 5 illustrated for sealing between casing and the
wel | head. The netal seal includes two eccentric rings. These rings can be
rotated to accommopdate slight msalignnment of the axis of the casing
relatjyve to the axis of the wellhead. The i Ainer sealing ring has an 10

i nner “face that sealadagal Molsd N @d L idVerint o dihacl | thd N1 fa0
cont ai ns bands thg§1%$$ axi al | gggéﬁd apart. The bands are soft enougif to
def or m when the s&it '%9%"&# } ®&icontact with the casing. 15

Wile this type of ar ImgaysEsS\y Pastentt i 4f 3219882 or Chaixllals Cc meal ,
axi al nmovenent of i ng 4 t he 1 can ca roblegs. Jt
could damage theélqug;elass’ fa%éslc%bgfhe%otseal j"égghds,% de@?f%];i n%ef’gz is

ef fectiveness & tiHdustyated) for sealing|n batween | ngasingn, and el

ring is providedyghilHead MRAInd¥a1 S fmudé@%'éé&&wﬁadﬂﬁgfé.
a

menber such as the _casing., The ring has a plurality of circunferent]
axi al |y spaced rretTé}eqfang?qgﬁat Aot P&derPgﬁﬁFfihetéea?‘F‘i’@“E?%‘FeTh%’sjegtb‘énds
25 define caviti esldatigrmerntheal the iatiy of o tcamimy relatiDad etb ithe
casing. the bands T G o AL T oninky dPEREs SARAE Rihg "hed.
partially 30 fiQ | sinfer cfecei ethathaeals bgadost| athenextexniox | pfbethere
substantially fl U%’hﬂ,{d‘l t RGhid)| it erésde EdSfaind BEhdSS fhPeURs tO
ove axi .a 'y, the alxr}i!a%.yly spaced apart. The bands are soft enough to
W deform when the seal ring is pressed into contact with
the casing.

15 While  this type of arrangement is
satisfactory for a static seal, axial movement of the
casing relative to the ring can cause problems. It
could damage the seal face on the seal bands,
destroying the effectiveness of the seal. |

20 ' In this invention, a metal ring |is
provided. ‘with a sealing side that faces the
cylindrical member such as the casing. The ring has a
plurality of circumferential axially spaced metal
bands that protrude from the Sealing side. These bands
25 define cavities between them. An inléy of soft metal
N\ ' is located in these cavities.

When the seal is energized into sealing
contact with the casing, the bands ﬁill deform and
flatten. Preferably, the inlay material partially

30 fills the cavities. When the bands flatten, they will
become substantially flush with the inlay material.
Later, if the casing begins to move axially, the inlay



3 material wll w pe across the bands, maintaining the effectiveness of:the
seal. Figure 1 is a partial sectional viewillustrating a sea
constructed in accordance with 5 this invention. Figure 2 is an enl arged
sectional view of the seal of Figure 1. Referring to Figure 1, the.well has
a lower wellhead 11 which has a bore 13. An upper 10 wellhead 15 secures
to the I ower well head 11 by neans of flagges (not shown) which bolt 13&
together. A seal 17 |ocates between the ffaces of the upper and | ower

wel I heads 15, Idatébpel welliheadeladBsss BREE phhds)atmd sntimirig! tMbt h
bore 13. 15 I ncl udes an - enl arged

The bar e
count erbore 23.eﬁ¥%FT%NER?%ﬁ %@tﬁg%ns?%g'counterbore 23 and the bore 19
results in a downward faciFiguwteulXlerifl.a Copateidbr es@3tionaldesiaw! oner

tapered sectio lyerges. LA a direction. A
wedge ring Zgif?%%g?éegﬂk% ﬁgui %e%tﬁ'hec‘glg%%\g%g%‘?e @% a%%&fég?f:ﬁg 'Zthﬂas an
upper end that WRis ERyenEiomhe shoul der 21. Wedge ring 27 has a | ower

section that is conical botﬂ%ﬁ-é hg i8nan gﬂgr%%darggé%ﬁgﬂ &fish dge31.
The taper of the outer. side 31 tches that of the counterbore tapered
*Sh% i e ﬂa

section 25. ThettppEraho? © wedge ring 27 is cylindrical. A seal
ring 33 locates within the Refemring tHoe Fédgeeri hg 2the Sewlll i hgs33awi | |

) ek, TR, WL 93, 18Rk, Had? 05 1. MhaPRgheROT O"

: 10 wel;head 15 secures to the lower wellhead 11 by means
of flanges (not shown) which bolt together. A seal 17
locates between the faces  of the upper and lower
wellheads 15, 11l. Upper wellhead 15 has a bore 19 that
is co-axial with bore 13. |

15  The bore 19 includes an enlarged
counterbore 23. The junétion between the counterbore
23 .and@ the bore 19 results in a .doﬁnward facing
shoulder 21. Counterbore 23 includes a lower tapered

v

section 25 that diverges in a downward direction.

20 _ A wedge ring 27 1locates within the
counterbore 23. Wedgé ring 27 has an upper end that
will .contact the shoulder 21. Wedge ring 27 has a
lower section that is conical both on the inner side
29 and the outer side 31. The taper of the outer side

25 31 matches that of the counterbore tapered section 25. O
The .upper portion of the wedge ring 27 is cylindrical.
A seal ring 33 locates within the inside of the wedge
ring 27. '

_ Seal.ring 33 will rest on'tqp of a test

30 ring 35. Test ring 35 locates in the upper portion of
the lower wellhead 11. Seal rihg 33 has a tapered
outer side 37. The taper of the outer side 37 matches
that of the taper of the inner side 29 of the wedge



outer side 37.  The taper of the outer side 37 matches that of the taper of
t he inner side 29 of the wedge 4 ring 27. Seal ring 33 has an inner side
39 that is cyli-ndrical for sealing on the exterior of casing 41. The casing
41 extends substantially coaxial through the bores 13, 19. 5

Referring to Figure 2, a plurality of bands 43 protrude radially
I nward fromthe seal ring inner side 39. Bdnds 43 are circunferential and

it e R T R
~between them An q:yllalydzwcal fort saatlahgpamt itdld \eftetiorah casing 45,
Prior to energizifge gfdladaﬁ?e HdsorQﬁbﬂgﬁnﬂhﬁilghtccfﬂ:é.tﬂnc%hi-égbﬁl|y

i nward of the exterlor ce of e i nla Is results In a
slight clearance #ge Vﬂ§ﬁsth3 bbﬂds 43 flrst touch the casing 41, the

cl earance 48 wkl | exi st betw@g@&éfﬁﬁj; | o 4ﬁigux§tlze caslpgu&all{ge bands
43 preferably protrude fromthe cavi

t s 47 a 0 inc 0.1c The
cl earance 48 bet wegRd Fhé%MEEQFEP rT% ahty EwﬁﬁﬂdéFﬂﬂ éhé %ﬁﬁfjfﬁ
~exterior surfaceinfiér tB&dei NB3y Bandss dBef arebl gizkanferéhTibd . @24

castng 41 Typi caR ALy SHAYeRabar Y iR SFlninglsy e 383t Ehe' 238500°
psi/. (37921 to 4¢868nkpPa) sidef ofashght hand 43 1sh@Y2$ndyi@aH strength of

the seal ring;33 will be abouppfaldaris t B8 Yd& thest EaRY R e8f 451eb@Qs,b@g 41.
The material of the inlay 47 1s nuch softer than the nmaterja the s

ring 33. It will KBeR.| dByiEkanhgdTypé ﬁﬁﬁ%l%ﬁt%hcﬂaﬁgi%.}Ynfﬁaaﬁuﬁ

Qther suitable  cavity 45. Prior to energizing, the bands 43 wl‘l
(2 protrude a slight distance radially inward of the
exterior surface of the inlay 47. This results in a
15 slight clearance 48. When the bands 43 first touch the
casing 41, the clearance 48 will exist between the
inlays 47 and the casing 41. The bands 43 prgLezably
protrude frem the cavities 47 about .040 xnch/ The'
clearance 48 between the sealing surface of the bands
20 43 and the exterior surface of the inlay 47 is
preferably about .015 to .020Q inch. (0.04 to 0.05cm)
The material of the seal ring 33 is softer
than the casing 41. Typical casing may have a yield
37921 to 41368 KP.
strength of 55,000 to 60, 600 psi? Pref%rably, the
U 25 vyield strength of the seal ring 33 will be about half
of the yield strength of the casing 41. The material
of the inlay 47 is much softer than the material of
the seal ring 33. It will be a lubricating type
material such as a tin indium alloy. Other suitable
30 alloys including cadmium or lead could also be used.
The  hardness of the inlay 47 will be only about 25
percent of the hardness of the seal ring 33 material.



30 alloys including cadmiumor |ead could al so be used. The hardness of

the inlay 47 will be only about 25 percent of the hardness of the seal- rlng
33 material . - 5 Preferably, the seal ring 33 and the wedge ring 27 are - {
eccentric and constructed . as described in nore detail in U S Patent
4,771,832, all of which material is hereby incorporated by reference. 5

In operation, the casing 41 wll be cemented in place. A casing = .
hanger (not shown) will be then p05|t|on5d bet ween t he casi ng 41 and t &>

| ower wel | head 11 to suppordrdfaaiasi N e
positioned in ;r)f_ég{:ib%{he up I:er end ?)ff ?:rt\‘e %%lagirﬁg%%}w% ?d%? f a

sel ected dista aFfe FS&BF’&EI BRg. Fonstructed, as |Q§SQﬁih€hb im5| ng
41 above the tewrei dgt&ilvmixh e swi rleaﬁmshadwm%s!zvoténi Wit RerSiey

cloth. The sealy, 5 pl ed over the casi ng 41.
Both rings 27 anarc#%i e E‘ro%:% fd{&%ﬁﬁor a‘ﬁ%h (ﬁ%c T8 of the rings
will be rotated. Rot at i odn vaDeraJaiorperftheredcasﬁngl 4the wdant erﬂe ne of
the seal ring et GaE Pidde . e Gl inddid ViRl 5

Once al i gned, he ugg IIWI'head 15 |s ’T’{b? \%wer \(}’e ead 11.
The shoul der 21 gdthoBRd: hethesse F‘P%gcé$inghé1\/\e%|@é itheg Imwesushes
the seal ring 3&llthead ¥itlogragpdet CEheTh:bSiﬁglJSGL!hé h@egﬁn‘iﬁnﬁ? 39

Cubst anti al 1y fodn B PEHEERnadT 38 RFFEE: 4Pa eppef ol Ote W (N
Figure 1. sasing | 4 wilds hﬁecubdgiéfrla\gserecbedsdastbagbe raicte seal
with the | ower dmaidifér wellhead 11.

The exterior of the casing 41 above the
test ring 35 will be wire brushed and smoothed with
emery cloth. The seal ring 33 and wedge ring 27 are

15 placed over the casing 41. Both rings 27 and 33 may be
rotated, but normally only one of the rings will be
':otated.'-Rotétion will ‘be -performed -until the
centerline of the seal ring 33 coincides with the axis
of the lower wellhead 11.

20 Once aligned, the upper wellhead 15 is
bolted to the lower wellhead 11. The shoulder 21 bears
down on the wedge ring 27. The wedge ring 27 pushes
the seal ring 33 inward with great force. This causes
the bands 43 to permanently flatten and deform. The

25 bands 43 will flatten until they are substantially \;)
flush with the exterior surface of the inlay 47, as
shown in Figure 1. The outer side 31 of the wedge ring
27 forms a tight metal seal with the lower tapered
section 25. The inner side 29 of wedge ring 27 forms a

30 tight metal seal with the seal ring tapered side 37.

Under ‘ certain conditions during
production, the caéing 41 may move up and down
relative 'to the seal ring 33. The casing 41 may

o



Secgtion 25. The inner side 29 of wedge ring 27 forms a 30 tight netal seal

with the seal ring tapered side 37. Under certain condi tions
duri-ng producti-on, the casing 41 may nove up and down relative to the sea
ring 33. The casing 41 may 6 (0.64cm possibly nove as nuch

as one-fourth inch/ in one direction, and .050 inch (0.13cm in the
reverse direction fromthe position that the casing 41 first acquired when
the r™ng 33 was set. |f_this occurs, the inlay 47 will ®.6dqm i nto damaged
areas of the seal PBERLRIY3 move e %%vﬂ! enee fpuntdsednghrs iho sher e

up the inlay natediﬂécéfoﬁpraﬂﬁpLOSOaﬁ gﬁghéafé§e9§et3§rgéegﬁ 4%ro he
i nventi on has S|%gbf|cant advant he metal seal rin P sea

casing that can B SOSHOH st e§h§X|%ﬂ~°t’§‘9 ThE rféé'éltwﬁ‘?q‘éﬁr?‘?ﬂ upen
mat eri al producestheseahgcababhs sétw Lsthnsi ogcubks 8xeaintayeg®n{i1whi ch

i s generated by t urg or te 0, | 0a
While the i nventl o db%’enggﬁgé%& BRI 8%2 o F?aflorlnénd?t 4Groufhebe
apparent to thosecékitiéa #h S#GV&rBSth@Senvqxrsunossxdrenmpdthbuinlay

susceptible to vafaaeafisbaagesfde« tv.hﬁ%nﬁeg?fééggtfu%o@atcg% ¥ fné)f bhll§s

cinvention. 7 . An apparat seall ng agal ns
cylindrical nenbef 'conpr|5|ng i n conbi nati on:

The invention has Significant advantages.

10 The metal seal ring will seal on casing that can move
slight distances axially. The reservoir of inlay
material produces a seal capable of withstanding this

— ' axial movement, which is generated by changes in
- temperature or tension load.

15 While 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 limited, but is
susceptible to various changes without departing frcm
the scope of the invention.



a metal ring having a sealing side facing 5 the cylindrical nenber; a =

plurality of circunferenti al 'Ilm w ml bands protrudi ng radlally ,
fromthe sealing side, defini ng” mllm"ﬁ HE t he bands; an-inlay ©
material of netal softer than the& 10 bands Focated in the cavities and

means for noving the sealing side into sealing contact wth the cyllndrlcal
menber, the bands being sufficiently soft relative to the cylindrical =& -
nmenber to deformwhen forced into contaét with the 15 cylindrical nmenbéP™

but allowi ng slight axial noverment of the cylindrical member relative to.
the ring w th GLREINS)|| ay material w ping onto the bands during said axial
novenent. 2. An apparatus for sealing an annular 20 space between a first

o o b ot opar "???%&”atﬁ%"p?.b?'s? deb 188 oRGRLNE A
sealing side fAEHRATIRAL StFRETw rFERﬂPPr ng in combinationy urality of

ci rcunf er ent i al axially spafethIeffhgbRAYENG' A IS aékdaé]l f?é{[gg] ban

first seali e cavities between the bands, bands
havi ng a cy |n ?cﬁf%iﬁ&ﬂ% 30 an inlay material of
metal softer than the bands Iplomtaddityn ao®l |citdcwhferaweianl Ia{xiaiiyng t he

oV eek o o PR AL SBafher BaBRGRILY, | b 450

sel ect ed radi st ance past e exterior Suffaces o
and sealing side, defining cavities between the bands;

an inlay material of metal softer than the
10 bands located in the cavities; and |
means for moving the sealing side into \J
sealing contact with the cylindrical member, the bands
being sufficiently soft relative to the cylindrical
member to deform when forced into contact with the
15 cylindrical member but allowing slight axial rhovement
of the cy’l’indrical member relative to the ring with
the inlay material wiping onto the bands during said
axial movement.

?eriar;

2. An apparatus for sealing an annular
20 space between a first member inserted within a second
member, coniprising in combination:

a metal ring having a first sealing side
facing the first member and a second sealing side
facing the second member; o/

25 ' a plurality of circumferential axially
spaced metal bands protruding radially from the first
sealing side, defining cavities between the bands,
each of the bands having a cylindrical sealing
surface; _

30 an inlay material of metal softer ‘than the
bands located in and initially partially filling the

cavities, the sealing surfaces of the bands initially
—_ .



neans for, rmvi'ng the first seali I ng si Eﬁ into contact with the first nmenber

and for*sealingly 5 contacting the s w,,,ltmu"wfuﬁe with the second
the first nenber to

nenber, the bands being sufficiently
cause the bands to beconme substantially fl ush wi th fhe exterior surfaces of
the inlay material when the ring is forced into contact 10 with the first
menber , the bands all owing slight axial novefent of the first menber

relatTve to the ring, déﬂtteia ti‘%é?%@*ﬁeam:‘%rdi%havﬁﬂ%c%"t é.@et§%n%§‘.égg i.

sai d axi al novenent. asse ving a ead contai ni ng
a string of casing Sé’&';ﬁ?&%d’ ﬁ%é%@tyemaé:#r%'o@é‘é nmeans for sealing

agai nst the casing, conprisi ngmeaneomﬁawdmnga tRé al£iristo Qaamggarsidme'r
sealing side facin | ural it

circunferential 31 ; r‘]ﬁeﬁ%a% %‘g'a HSFQI tB&ncfsirpsrtOt'P %% Padi %ﬂry SREWELE om

the inner seali kg s:oiﬂ:,ac:teihml hgecasecbomi; sebldeg td:dadéamh eahé deddmd
bands having a cyli [&g{ a,?éal ;

materi al of metal softer t han t%&g% ééiﬁgcaﬁigif:%egﬁ |r?|°tf|tgl y partla‘ﬁy
filling the cavitid&he t Heleal| inember f ates cAusfe Fheds bamds altq |kreamey a

sel ected distance rgifis¥dntiaey dfiusqm&i\ameishereﬁtesmbi:a@ﬁ&fetehhw g Y
material; and 30

contact with the caShy, ’Pﬁ’éeﬁgegs g %:‘ Egegeﬁﬁ y ?;’6??881'3‘!"3% \S}léd‘ia%al n'f]g

casing to causdQ hevitmdshe of idesto rmenter, pos thamdss Hiskawing | slidhtusaxiak h
9 movement of the first member relative to the ring with
the inlay material wiping onto the bands during said
W, axial movement.
| 3. In a well assembly having a wellhead
15 containing a string of casing supported in the bore,
an improved means for sealing against the casing,
comprising in combination:
_ a metal ring having an inner sealing side
facing the casing?; |
20 a plurality of circumferential axially
- spaced metal bands protruding radially inward from the
inner sealing side, defining cavities between the
bands, each of the bands having a cylindrical sealing
surface;
25 an inlay material of metal softer than the
— ' " bands located in and'initially partially £filling the
cavities, the sealing surfaces of the bands initially
"located a selected distance radially inward from the
exterior surfaces of the inlay material; and
30 means for moving the inner sealing side
into contact with the casing, the bands being
sufficiently soft relative to the casing to cause the
 bands to deform to a position substantially flush with



the exterior surfaces of the inlay material when the ring is forced into

contact with the casing, the bam,immllmfmﬂ“mht axi al movenent of the, )
casing relative to the ring wt ial wiping onte the 5 bands
during said axial

moverment. 4. A*mefhdd ffor Ssealing a cylindrical nenber,

conprising in conmbination: providing a netal ring having a sealing side _

~facing the cylindrical nember; 10 \ . m
axi ally spaced net al bangs protruding radially fromthe®

circunferenti al _ 11y
seal ing side, d&i® nertechort surfocesc@t tthe binllay amadertiali diHih eqed Of

Lhe 15 Cyl i nr oy rehbortoos, S0 | ST Nofen, A% RHnd” P Banda, oy

the 15 cylindri

mat eri al

of net

providing a plurality off %

I ©par
331131%’&9‘1%@11—@%%%%%&9?%@% Pife thea|¢agingirfebasivd t he

bands initiallyd otnéE&MQSEﬁ:Bﬂiedhéaq.irﬁ.|aydirﬁé1?é§9fhpa§i??.ﬂg Sﬁfg :Gn\%eo

of 20 ;Df i 4l mat erj al ;,-and pushi ng the sea
contact Wit h52t 1 scﬁ}f%q d 1d mtmcpvemtgr mng the bands
substantially flush with tide e’ emethodur faressealihg ial ayyIbidricdl the

sur f aces

bands al | owi Ng pRdniHK,

tothe ring with the

novenent .

al wping on
providing a metal ring having a sealing

side facing the cylindrical member:;

10

providihg a plurality of circumferential

axially épaced metal'bands protruding radially from

the sealing side, defining'cavities between the bands,
and providing each of the bands with a cylindrical

sealing surface, the bands being softer than the
15 cylindrical member:;

partially f£illing the . cavities with an

inlay material of metal softer than the bands, with

the sealing surfaces of the bands initially located a

selected radial distance past the exterior surfaces of
20 the inlay material; and

the

pushing the'sealing'side into contact with
cylindrical member, deforming the bands

‘substantially flush with the exterior surfaces of the
inlay material, the bands allowing ' slight axial

25 movement of the cylindrical member relative to the

ring with the inlay matérial wiping onto the bands
during said axial. movement.

ﬁsg@rrﬁa%igﬁw%ﬂbﬂaéﬁ%:cy' indrical menber relative

0 the bands during said axial

7



