/2176547 1 RETRIEVABLE PACKOFF BACKGROUND OF THE I NVENTI ON Thi s invention
rel ates to seals and seal assenblies, often referred to as packoffs and
packof f assenblles respectively, for seal ing the annul ar space, 5 oft
referred to as a gland between. a wel | head casing hanger and the

surroundi ng cylindri cal wall of a wellhead. This inventi o@ls?%@?i cally
_d|r ted t.o inproving such packoff and packoff assenblies so that packoff

—etrieved fromthe gl and after having been set, i.e., 10 placed in
p03|t|on of sealing engagenent between the casing hanger wal | and the
surrounding cylindrical wdall. For an exanple of a type of packoff and

packoff assenbly to which this invention relates, attention is directed to
the U.S. Patent No. 3,797,864 of Hynes and 15 C}tolon and to a pendi ng

U S. Patent Application of Slyker and Pettit, Serial No. 419,270, filed
Sept enber 17, 1982, now under All owance. These patents illustrate a packoff
conprising an elastoneric ring interposed between two netallic seal rings.
Each netallic seal ring has a 20 pair of_I;ips extending.toward the

el astoneric material so that on conpreSS|on of the elastoneric material the
lips are forced outwardly toward the surrounding walls. It is recognized
that a packoff of the type disclosed in these patents perform as

antici pated when .25 set, but oft cRETREEVABEE IPROROFFS required. To retrleve
2 such packoffs, the packoff assenbly is pulled out of the gland,:

pul I ed upwardly back out of the well by pulling on the upper netalllc seal
ring. This puBACRGRO¥YNROF cEHEt BNVERTEONupturing or tearing of the 5

elastoneric material |eaNiB0iRGbhtiOh POTRLES Lol BE4EETand seal
aseemblies, often referred to as packoffs and packoff
assemblies, respectively, for sealing the annular space,
S often referred to as a gland, between.a wellhead casing
hanger and the surrounding cylindrical wall of a wellhead.
This invention is specifically directed to improving such
packoff and packoff assemblles so that packoff may be
retrieved from the gland after having been set, i.e.,
10 placed in position of sealing engagement between the
casing hanger wall and the surrounding cylindrical wall.
For an example of a type of packoff and packoff
assembly to which this invention relates, attention is
directed to the U.S. Patent No. 3,797,864 of Hynes and
15 Ortolon, and to a pending U.S. Patent Application of
81ykef and Pettit, Serial No. 419,270, filed September 17,
1982, now under Allowance. These patents illustrate a
packoff comprising an elastomeric ring interposed between
two metallic seal rings. Each metallic seal ring has a
20 pair of lips extending toward the elastomeric material so
that on compression of the elastomeric material the lips
are forced outwardly toward the surround;ng walls.
' . It is recognized that a packoff of the type
. disclosed in these patents perform as anticipated when
25 set, but often their retrieval is requifea. To retrieve



'_together with the lower netallic seal ring within the gland. "Wien this
hag s, when the remining parts of the packoff cannot easily be

' Aved, other sealing arrangenents nust be nade. 10
ResagHi zi ng al so that the use of the el astdoneric type seal is the best
approach to packoff off the gl.and, numerous attenpts have been made in the
past t0) pr oviseha Paskes fisy \hiec Paskoffa 35semdly dsn pyd Legt oudy of. thee such

~attenpt’” conpgiiaed, alpleU. alyutmeraf ia%afaq@t il budl SO RS pext endi ng™
t hrough the U§R§P r netal rings gnd through the“vertical

center porti & nﬁh@“el SRBESTC Wﬁﬁéii%ﬂ Sfialh Tddgri o ToHS PudliBgt ween t he

IomeL sFaI rbﬁgeanebhatbdlum honwﬁtuuimbeohOEBQrH?PWQMEt&kial|y rela}ivg

to the | oeer e i acko t.in gl an

Thi s alloagdegﬁéi h 2 %ngkfég a&eﬁg WH@% é%ﬁggﬁlg Cgﬁf Fh@ gtance,

bet ween t he Msrthe@r ydzh rtmgdomrcmrtgdliwhoueatlhammmimﬂmet

hovever, 1t ya8n0uninedainiishn earseasmlmgba&%mii%@o#aﬂgg of1¢nRo! t's,

t he elastonerlc 5 mat eri al inits deforpmtion in the areas
between the B8ckef TﬁP§nP§s&P§é&Y PedFﬁF§F@NPd8e8¢P65 E85d8MG ti es near the
areas of theabﬁhhgehenmsthﬂbtobethadether areas "Thus, while this prior

art attemgpt solved the_problem.of retri y the | abil.ity of
- 30 the ggckoff was coﬁ%FSﬁF?&&pghé 50 ¢ ébf 5§§$ﬁ 5§%§Pﬁﬁﬁ& t he
packof f varlsypelsea&fesehhbabbytaappmdachetpaphakpfénofﬁr¢hedgdahéak .
pat hs. Anothﬁhma&bagpktkamg§§eh§uehb@eﬂaaﬁakf inClth e leewagrbgluée alM res

i nstead of bol resul e sane. er approach o
providing a E&éﬁéfPYWFPHCPeFPFBv&bPécéaﬁébpﬁptPGSrP§r@ﬁ¥eéee of a solid, \J .

3 cylindrical band di spageguehr aiteahpt Gofpeisell ahglurality of

15 vertically disposed bolts extending through the upper and
lower metallic seal rings and through the vertical center
portion of the elastomeric material with sufficient play

between_the lower seal ring_and the bolts to allow the
bolts to move_axially'relatiﬁe to the lower metallic seal
20 ring when the packoff was set in the gland This allowed
the elastomeric material to deform and allowed the _
distance between the metallic seal rings to change. When
the packoff was set, however, it was found that, in the
areas immediately surrounding the bolts, the elastomeric
25  material differed in its deformation than in the areas _
| between the bolts. This resulted in different sealing N
capabilitiee near the areas of'the bolts from that of the
other areas. Thus, while this prior art attempt solved
the problem of retrievability, the sealing'capability of
30 the packoff was.compromised, i.e., the sealing
capabilities aroundithe paokoff varied circumferentially
around the packoff and provided leak paths. |
Another attempt to make such a packoff
retrievable was to use wires instead of bolts, but the
'35 result was the same.
Another approach to providing a packoff with
retrievable capabilities is the use of a soliqd,
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el astoneric material and connected in sonme suitable manner between an upper
and a |ower, netallic seal ring so that a pull :on the upper. metallic ring,

pul led the lower netallic 5 ring without stress on the el astoneric '
material. This approach divided the el astomeric materi al into two sepa(ﬁ??i)

el astoneric seals: .one adj acent the casing hanger and one adjacent the
surr; ou@ ng vvai;tlimisiaagl Vize id dxspdseﬂ apprioiaadll 1y miathdiyt ioh the havi ng

ibhe 10 el tp
?/g:léer a si ngl é]t{&ﬁﬁézfcim eri ajllﬁn %d]lqﬁor#e!*&so |§l r%g“} @&%ﬂgﬂp% (fed
four possible b@éf@%tm ypReR ARG 2 Aeven netalj imeealncinglepdtiat a
adj acent surr quiidhi ngh teige Wi éé}.eélﬂeﬁ/ﬂlmc Fihed, ;ﬁfme&leiﬁ Aoweie mBHA1 1

band and 1 dj t th I | of th A

ohi et he oI (BRI S RYF AR VIE S S IASSQRRRAG TALA G- | ANLE
corrﬂ]om sed t happmpth Idivﬂe&fth&ek&ﬂoﬁzéritm nerdr iidle igitndwoSt Ibl : t

anot her appro a ilities

i s shown Pﬁ tﬂ&%%teg %%&E%&Z q“g I%a;#aeéé’d d\%% %earstl % which a

pair of metal |hamqemga3*%qne cRS’gIﬂqGKEt (khe iserounding wedd Asusiqd waddr.s,

vwer e | nbedded 40 it AASIGNEN ) GG oAb HSVINGE Yl gblepSt ML | on
connecti o en the fingers e 1ost notion connection allqQuwe
def or mat i oh” of® W%%r@irq@ﬁ%"r iSinGe dhe %W%&??&“&nd’%cam

i nterl ocki ng wite rLdrigempar kafrig e bddy lwef medtdrmiadd theprimtied my:v]a’.aTechanl cal
connecti on between r seal_.r ers
cnoaged one sOETILHY HRE AR EodP sHdd b1 Redi Al Thelchad I
approach, howdwsr intilee glganidy ogileilepk pathetad acanty maizounding rthe sed

the sealing C%iaflr{éé&’ w11 h%x{@%‘ipfé‘achﬂﬁdﬁatﬁ |l dHe fideﬂ-_%\ﬁ%.&%z{d AN S,
t oget her \(/ji#h the | ost notiqQn connection,. .interfered wth

def or mat i ciehaadiacant the I MGl the Sasing m'anot her
way, the el astagymim C Wil ittle "stsdid und approach solved the

retrievable problem, it compromised the capabilities of
the packoff to seal the gland.
Still another approach for providing a packoff
20 with retrievable capabilities is shown in the U.S. Patent
No. 4,324,422, of Rains and Reimert in which a pair of
metallic rings with dog-like portions} i.e., overlapping
fingers, were imbedded in the elastomeric material and
~arranged in a lost motion connection between the fingers.
25 fThe lost motion connection allowed deformation of the
elastomeric material when the packoff was set and became
interlocking when the packcff was to be retrieved by
providing a mechanical connection between the upper and
lower metallic seal rings when the fingers engaged one
30 another in an upward pull on the upper seal ring. This
approach, however, while again solving the retrieval
problem, compromised the sealing capability of the
packoff. The metallic sleeves and fingers, together with
the lost motion connection, interfered with the
35 deformation characteristics of the elastomeric material.
- Stated another way, the elastomeric material "saw" the
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and did not deformas a single solid body of elastoméric-materi al
ave deformed, when set. Another type of packoff which is part of the
’"Art because it has retrievable capabilities is one 5 utilizing upper

dwer netallic rings with a defornabl g netallic band therebetween and
surrounded by a plurality of elastomeric rings. The deformable netallic
band isyin tetalr and didinotaldeforal 8¢ @ |sdingl %darddfbda@\/ldfg t he

el ast oAeriC r| % %:o%erflrﬁtﬁl i9fy I}J&\ ng_ﬁ%,\éh%\nﬂqs he 10 ends of the §£

| egs and the I'CeS O s an *ic rings,
engage the .gl and si de iadthexo tymemcs mkoffrmlnq@aaleofpfarm@/ﬁem relies

heavily on t dhal I I@mgﬁ,?m wall's. -
The use of slg\%ei% Egex?:ta?%[ orrerlecq%?&aw I nst ead of gﬁ?%ﬁ(} té%%sgfj'%gl astoneric
material v t MtdiliRdng, BpReT, AR | G Hidgs whFhy o deforgableal

| ﬁakagekp?]g hmeﬁaqneidwealams tmrlfeweltwmﬁ hexwm?rdmd ra:j @gwﬁalhlli Fet rieve
the packoff sinc nme i nd,i .ed.to the

metallic rin§ fﬁéﬁg&% qieaa v?r%"l[?1 %é‘s % #%%’@Wﬁe 3:33&81?0#?“% ¢S it

severe diffi chlet ifosm nfc@pmr\mlmtyemvgrsamawc@mmm mvhm;v\m t he

casi ng hange"el%%‘io%'r'x@%‘in@%“%‘t“g:heﬂ%?%xt e (}@xfg g a'w% NeRYEs Ei:h\ée_ry
hi gh annggt of force to set upplie undesirabl & tarq
i

mul tipli d§c9fs theslegs and thengpices ofc VWWI@Wdha§Q&9ﬁh€6Vable
capabi | i ti eswiight ithle elastomerike rlﬂn&s,%h@&tge?m;ielgﬁ.%'r’xdofsxﬁ%l Wallehigeh an

| b |
Contral Ty | otath o RRRE RS BRCKBI , BATlvRES tetidy, heavi 1% shuste i n
t he 30. eIasmemadr¢0nmbaadabea1hegcensesamsntohgahasxempengaaadbundlwo botle/ -
the upper angpboyge 33aovieldl WadStLHRrIAC &g,fnt;rsr Ciksteall 8¢ Bl ;D%dyeew of

t he size %nd t hi ckness o ser.penti ne packo
Pat ent N&: 4°§2$1422°GPrR§|W§t&ﬁéaﬁeﬁﬁéhtdl;@GF&“ttﬁé 95mﬁéﬁﬁmllc

serpentine bagRdrhgterfistaesy hay! peodatier Fevie?dl leakage paths.
Noretheless, a pull on the upper metallic ring will
retrieve the packoff since the deformable metallic band is

" connected to the lower metallic ring. Other disadvantages

20 in this type of packoff are the severe difficulties in '
coping with even small eccentricities between the casin§
hanger and wellhead housing. .This type of seal also needs
a very high amount of force to set, which is supplied by

-undeSLrable torque multiplication gears. '

25 . Another packoff which has retrievable o
capabilities is that shown in the U.S. Patent 3,561,527 of s
Nelson which an elastomeric ring between two upper and |
lower seal rings included a centrally located, verticaliy
oriented serpentine shaped band imbedded in the

30 . elastomeric material. The connection of the serpentine
band to both the upper and lower seal rings made the
packoff retrievable, but in view of the size and thickness
of the serpentine band, like the packoff of the U.S.

Patent No. 4,324,422 of Rains and Reimert, supra, the

35 metallic serpentine band interfered with the deformation
characteristics of the elastomeric material and reduced
the sealing capabilities of the packoff.
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ch:!tract eristiecs of the elastomeric material and reduced the sealing
capdbilities of the packoff. - 5 - According to one aspect of the
i;nvention there is provided a packoff for an annul ar space as set out
claim1 or claim4 of the clains of tEIS speci fication. According t
anot her aspect of the invention there?is provided a nethod for preparing a
packoff 5 for sealing a cylindrical annulus in a well systemas set out in
cl aiYh 8 of theAeJ:ardmgoftot he agseit§ | sftiben. ldvénw'chl thereppar pfévﬁédt bose
skilled in the_art er a stu of _the follow 3 g]eand Eetau{

Descri ption t hBEH B Y SPPTET SBARISSWRT e Y rbr\'/l B b, CLf

radi al directi ¢he flagms$ yof tpxs)\apdelfmatmm onAamn@mg to natotber aapet;t odue to

|.arge circunfe ti =1e W f e f i 0
el astoneric rra[tggi a t.gg ri vep? (ﬁ?ﬁectl on o thgﬂ%‘ trca baangg&&_f 6
thus not di nihfShi sRpling %e%ﬂlilhéflé?ébamqlﬂ‘y B a3 vellb| systemeds GehuPely ilal

BRI EF DESCRI PT0hint s df EhPRAMNCHI tHIY @pdcifScatioh9ss-sectional view in
~elevation 5 of a packoff constructed in accordance with the invention.

Figure 2 is cross-sectional viewin elevation of the netallic band or ring
for inbedding 18 tzina peasipalirent ctoTkhesd aakwied 1] ﬁﬁ:laﬁr&fafﬁrgur etudy fbot h

a top and secti_gnal ew of he. 10 band E Be e g&ee 1_%L]_rlto
nore clearly i I tfPﬁ‘%ﬂf“ﬂe‘% sa‘ﬁ] P%t@l %d tgﬁ t
Cross-sect i onavertioali hamdsvd’tmhnpnévmepédknﬁllas;senblq radmi.enh'n:gctzi@d
condi tion shﬂyvgm a %El_.‘ | oC aﬂgﬁ{era’]‘fﬁrxé ou | lihea

housi ng, 15 1)9 I'I’ &ﬁre g:%lhsgahw ew sim {r:l{&f'lo %‘iﬂgure utfiav"\ige
U 1rcumferent1al reaction surfaces, allow the deformation of the

elastomeric material to drive the deflection of the vertical bands,

001



the _packoff in a pressure energized or set condition, and Fidures 6 and 7
schematic illustrations of a cross-section in eIevatlon of the packoff
An overlay showi ng the deformation of the elastoneric nmaterial by 20
gnt and distortion of the overlay ané the |ocation of the netallic
W th resgect thereto; Figure 6 illustrates the frée state of the

Y&r aot dimisdshiag the sealdinge ¢apalnid iy oife theckoff in th};

pac k@ and £
gl and~25 DE{ALLEBmREPcRnALEPYafti,gure 1 illustrates a packoff 10

constructed 1n accordance with this invention and shown to conprise an
upper netallic cylindrical seal ring 12, a lower netallic cylindrical seal
ring 14 and BRIERJDESCRIPEION! OFeTHE BQANENGsiaI i nt er posed t her ebet ween.

The upper netallic seak%ghgg hslgr ng%$ﬁ'sFQ5§°§§érvgﬁ§ g&g raI ommwardly
e r

ext endi ng_seal /anti - ex ion”lips
t hi ckest Por efoAspackaddnconssrugtedpdn: acrosdance wdith rtheg iambnttapar.l ng

to 35 a relatively thi gpiuglre 3t J.%h%'rbs'so-‘é’@%t&%ﬁal v:.éws'iﬁ‘ 3ol ibiie olgoner

metallic seal_ ring has upwardly extending ta%F seal/ anti - extrusi on i ps
22 of the saﬁBecBﬁFééilclhaBPo§§ Fdagi SRT dWbeRGIBTIoin; fheugdastemesiri
seal ring. Smaterial of the pha&baﬁerlc seal ring 16 extends into the

cavities 24 and 26 betwyeen th t he ;upper. .and .l ower ring

and is provided with aﬁegﬂfgrgwéﬁ %g%kwﬁ %legngoggf éﬁ?ﬁ&evﬁfyh°&a§h8uter

wal | s ofl1@0hebardl, takgs aﬂdngn3rﬁnef Wdgure? 2uhitohmexecedeardywar dl y beyond

10 the inner; f@gEErQEetQﬁe ghg ggakh iggaF The inner wall 32 is forned
y

wth two tapere portlons late adj.acent the term nation -of ,
the upper and |ower |iBdgurg é igad FﬁPéPnﬁGF&ﬂ@nﬂérNiGW ip piexptdenio \J .

of a packoff assembly in unenergized condition shown in a
typical casing hanger and surrounding wellhead housing,

15 Figure 5 is a view similar to Figure 2, but with
the packoff in a pressure energized or set condition, and

Figures 6 and 7 are schematic illustrations of a
cross-section in elevation of the packoff with an overlay
. showing the deformation of the elastomeric material-by'

20 movement and distortion of the overlay and the location of
the metallic bard with respect thereto; Figure 6
illustrates the free state of the packoff and Figure 7
illustrates the energized state of the packoff in the
gland. ' '

25 DETAILED DESCRIPTION
Figure 1 illustrates a packoff 10 constructed in
accordance with this invention and shown to comprise an

| upper metallié'cylindrical seal ring 12, a lower metallic
cylindrical seal ring 14 and a ring 16 of elastomeric

30 mater1a1 1nterposed therebetween.

' The upper metallic seal ring is provzded with a -
pair of integral downwardly extending seal/anti-extrusion
lips 20. The lips are tapered with the thickest portions
adjacent the main portion of the seal ring and tapering to .

35 a relatively thin wall at their lower end.

V850040
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the inner surfaces of the netallic seal rings and thus 15 forma bulge in
the wal | 32 n1dmay bet ween the upper and | ower |ips. The upper and | owey”
netal lic seal rings 12 and 14 each have vertical slots 42 and 44 |ocatg

m dway the thickness of the metallic seal ings into which the upper 20

| ower section 46 and 48 of a netallic band 50 is positioned and suitably

fixgd, "gs- by wel di ng, t&imdAardypethendpwvesonetad lire sgpperingdhrsver
‘net I_ seal aAyr%&&@@auﬁqlxapb&eah%eauvaataeekteﬁsQBnFnﬂ éezi bhe
metallic band 50 is_strai a distance subst.anti al I¥ ?

| ength of theéﬁ age gen “§Hd1§4°rﬁﬁf EREN 1000 88 BﬂﬁPd° h& FnHBPeﬁa|

as at 56 and metadliicr mealbuligg.60 with its maxi num extent adjacent the
central porgion of the trﬁ@%m@%m%%l 186210200559 60bkeRnllC 1RAGKERE 1 1S

retrievabl € 30 capabilifies b he upper
and | ower net&PW161§§aPﬂnQnﬂ|ﬂésbﬁﬁueﬁ§ thPuiﬂP&t@é pRthotheduprer apd

Figures 2 andl%wefh%ehﬁf&1nghhan1%fpEb@ﬂHédZwEQhaaﬁrGﬁiersﬁﬁl1059| Vi ew
simlar to the_ yi ew,of enmai nde shows

the band 50 a¥PASH A§ §°'gﬁF§P?fyeoV1§BaEgﬁ SBAPT, wPéFﬁtP%eren PROW,
vertical sl ot xifgswandhahoinmeer wiaddl 32etvhlichc elftedds6éutwaddlipebepondeen

o 2l ow e ShasLalRE GaTakebiraknbonttat14BLBRE" 4l atneRnENEnRLAS! OTET i ©

material i"S noD uration as s ext end
essentially tMaldi éﬂhiéffpﬁ@eéawatbotaﬁdtanssesopﬁrslgpSaﬁghanéoaﬁuons 52

and 54 to a'SthQHEh%éﬁydaB%&@%n@ﬁtﬁBdt@%mﬂha%&bﬁ'oitthétﬁ pee kaa and
bott om of the_band. _The veatlc%h1a h L Bga g 25 thei eind gi ve
t ke/band 50 fLEYEE LiP$ PRY fs TApsqLR 3 FﬁePPEH r BRFRroh
represent ed byhehdnaerosurfaaed, ofhthe akkallic seal rings and thus
15 form a bulge in the wall 32 midway between the upper and
lower lips. ‘ o -
The upper and lower metalllc seal rings 12 and
14 each have vertical slots 42 and 44 located midway the
thickness of the metallic seal rings into which the upper
20 and lower section 46 and 48 of a metallic band 50 is
positioned and suitably fixed, as by welding, to form a
permanent bond to the upper and lower metallic seal rings,
respectively. In the_éross-section of Figure 1 the
metallic band 50 is straight a distance substantially.
_ 25 equal to the length of the tips as at 52 and 54, but then
S curves toward the inner wall as at 56 and 58 to form a
| bulge 60 with its maximum extent adjacent the central
portion of the inner wall 32. ' -
. This band 50 gives the packoff its retrievable
30 capabilities by.forming a tension member between the upper
~and lower metallic sealing rings and is illustrated in
‘more deta11 in Figures 2 and 3.
"The left portlon of Figure 2 is a cross-
sectional view similar to the view of Figure 1, but the
35 remainder of the Figure shows the band 50 as having a
plurality of spacéd apart, relatively narrow, vertical
slots 62 which form vertical metallic bands 64
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hg vertical netallic bands to be deflected by the elastonerlc mat eri al
the el astonmeric material can assune its nornal

" val.-for-sealing” configuration. This material of the band in one
application is a high strength, |ow alloy ASTg4 4130, approximately 0.030
thick. 15 Figures 4 and 5 illustrate a typlcal ar r angenent

within a wel | heaghdpebetuedR ¥b! A1 Bow 26he! G Nid s e WP B Adorl] e
Stri ng o casli

]

(not shown). Typlcall t he, casi ng hanger supports a g, as
shown by way of ©¥& 1\{@1’?\%9’8 en the g lagtongric JAer 1wl T dncgl dasl7 1304, o
20 as well as Iﬁhéoe@nﬁi ﬁh&mﬁes%smsuprﬁn F Ay diac kof dn & 76

typically |ncludes t he. koff 1 ff drive nut 8 I ch supports
t he packoff 10. bh%ﬁ t %M;ﬁ ($§ﬂ§M§QMQH§|kﬂ§9rh9th:hreads 82
eﬂgagi ng ext &r n;sltzt&nig:lacispﬁltmhs hs2 La:mfrsertﬁ Qflhsf&ﬁfo?ﬁhh ﬁ!ﬁ'd;q:fa][ﬁ@ggrsmsjrch
that rotation o acko I ve . .n W thre e pac of f assenbly
downwar d into tﬁé"&%@&é %ﬁd{madt t}?ﬁlkkkg%et &R r‘m&' bdandhe
wel | head housi nFhendrehtei caehinetn llird 4amd32 6dn bhetmsldu:erhmr gigeal | ow
t he packoff dri n Q 3Q .. wi t hout tion .of the packoff 10,
Ehel P 28 LN, re S8 date 3nd’ i Be Badimng oo

t he packoff asse Has ‘a smnv
The swi vel conndamemtxnnnassneynesqnueﬂ byt sheearriowg 700@ndquithed,i B1low

conpl enent a v n rioye.nu nd ,upper netalllc
Conp! eTent 24D JERY SRriioAl rdia Bagk Uohafl k6° el (RUGANBE°AEE % |
gl and 86 and t helast¢omerdc @ameﬁga%sooﬂpasss ¢ e¢lestomeriedmaedriadi ehr:

t hi ckness of th S?Pﬂ%blkﬁp%%Qﬁaﬁo“gFQ%mﬁly§5QQ§Qal1n§ pkgﬁ?g5§{§§§£Fln theR_J

gland. The p I's driven fu er down agal ns Frc brce o
the gl and wal | sThaﬁdﬂ@H'-@rl}ﬁéePfaﬁbel baad mpgneoaapélzgataendzsoaphthto

form seal s/ antigexphigthQn 184 bil2by ALTRC4156,! QP¥BFoximately 0.030 thick.
15 Figures 4 and 5 illustrate a typical arrangement
within a wellhead housing 72 with a cesing hanger 74
supported on a profile (not shown). Typically, the casing
hanger supports a string of casing, as shown by way of
example in the U.S. Patents Nos. 3,492,026 and 3,797,864,
20 as well as in some of the patents, supra. A packoff
assembly 76 typically includes the packoff 10 and a
packoff drive nut 80 which supports the packoff 10. The
packoff drive nut 80 is shown with internal threads 82
‘engaging external threads 84 on the upper end of the |
25 casing hanger such that rotation of the packoff drive nut p
80 will thread the packoff assembly downward into the
gland 86 formed between the inner bore wall 90 of the
_wellhead houszng and the sealzng surface 92 on the casing.
. hanger. To allow the packoff drive nut 80 to rotate
30 without rotatxon of the packoff 10, the packoff assembly
76 has a swivel connectzon 94 and a thrust bearlng 96.
The swivei'cbnnection comprises a split retainer ring 100
mounted in complementary grocves 102 in the packo‘f drive
 nut 84 ang _upper metallic seal ring. o
35 ~ Figure 5 shows the packoff 10 driven into the
gland 26 and the elastomeric ring 16 compressed due to a
reduced radial thickness of the gland thereby forming a
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5 metallic ri-ng 14 abuts a shoul der 104 l|ocated on the casing hanger body.
74, and al so engages a split ring 106 which is held on the casing hange ~- s -
5D,

into a groove 110 in the wellhead in order to | ock the casing hanger

the wel [head. At this tine. the packoff isgconsidered set. 10

a more conplete expl anation of how the tapered lips 20 and 22 react durihg

tﬂe*' gﬁnentp&éshheepaehafﬁndmhnwgﬂdhﬂ.inmhetbac&b&ﬁlerééedemvenis made to

t he er P p t S t he amount
LARREY bold! 2064n3W e £EICR1BA! 2L cR! 52 $ALSqOUha!

of thickness ricorin e cén 32/ 40 16
as conpared walillse amndcichesuppert Ad uépveraﬁdpsoﬁ@ranﬂtaﬂltendeab pangs 12

and 14 and hey i b@aagvaﬁt&haxieaghaa sae&hb&stheieefthaeleaekoff The
t hi ckness _as stated the relﬂ pr ran &Bon18€)to 20@6greater
than the Phi BR%8LLisordng; (14 §PI Fang Fatef oPnhENfeaction of
t he eIastonena91hgngaﬁ§edubbug Uhusaddwamsbdehgaqeb ar splitf rhal 306 will

be di soussed cROIIREIAN M LeFLauins ﬁaﬁagfhlheogﬁ 5oBLEeF1n0g| o Now

directed. It par ent i Scussed in
‘these 25 | at tbe wegahegd ihcondedr &P floek etneSénashéneerc7ﬁa@erthe

i.e., defor”&buqaeaas na& tﬁ&@rishadtht3aekokﬁelareéﬁasae9édtBetband 50
and it a tothis end that this invention is di rect ed. ur es nd 7

i 11ustratd the packoff Fe& &f moge FHW?lFﬁ9eﬁFP$ﬁnﬂFﬂﬁnFP§u gwe! BSrrespondlng
to the packOEapaQeas1ibewuoyanalgnreeaataadrénganﬁeFmgvemeﬁtCOErenpondung

the. of abt oo PREKAEZAPATVEF dhc tAkRy the flandnEeraeRabR s BaRR T o
_ulgset and setheoSdykiesn angsPektdtePripntl2 shprabecFhpBapatenterlsene
el ast oneri ¢ Eb@? aﬁta%ﬁe EEB%nt‘BthﬂEEﬁnﬁsEhﬁfOEﬁE|éia&l@m&?i&rkiﬁ§ a
gri dwor k _of uralit rectangl es 114 disposed in ro
15 at the cen er, i.e., wall 32/40 16 as compared to t e
thickness of the upper and lower metallic seal rings 12
and 14 and how this improved the sealing capabilities of
the packoff. The thickness as stated therein this
thickness ranged from 8% to 20% greater than the thickness
20 of the metallic seal rings. However, the reaction of the
elastomeric ring 16 during this downward travel or its
final set will be ‘discussed in connection with Figures 6
and 7 to which attention is now directed. It will be
- apparent that utilizing the technique discussed in these
o 25 latter Figures, the natural flow of the elastomeric
S material, i.e., deformation, is not interfered with by the
presence of the band 50 and it is to this end that this
invention is directed.
_ Figures 6 and 7 illustrate the packoff 10 of
30 - this invention with Figure 6 corresponding to the packoff
10 as shown in Figures 1 and 4, and Figure 7 corresponding
to the packoff'lo as shown in Figure 5. To illustrate the
deformation of the elastomeric material of the ring 16
when the packoff is both in its unset and set condition,
35 an overlay 112 has been placed over the elastomeric ring
" 16 and, thus, in Figure 6 the overlay 112.comprises a
gridwork of a plurality of rectangles 114 disposed in rows

\'4:) 0



sQl uMms in cross-sectional vieww th the band 50 shown only in phantom
lustrate the manner of which the curvature of the band was det er m ned.
s Figure, the rectangles 114 are uniformy distributed and

undi storted. 5 Figure 7 illustyates the packoff 10 in'its set
condition, the side wall 32/40 near the casing hanger has been conpressed

so thaty.the sinde eAmnE?/i40 dro sl et DEnAS vikwihiiltH hhd Hata &5 sf?:fo»)I.he L
upper d | ower, tallic sealin rlan 12 and 14.This conpression Is 10 &
" represented SP¥héM tom &9 3‘5}15('.5 & mennes of whichethe 1s of the

- gland 86 is cumvatareedHthehdand was detdrmineds showrhis Figwre,7thas the

packoff 10 en F4l,O\ I ' ; ered surface.36 1 engages
t he tapered ?‘tﬁ%ré:r%n%%lsn?fé %ﬁ{eg%rrlg's%ﬁg%%%t\tﬁ [ tf% iaﬁ'ﬁ iuéil%"isg&??‘legn of
the el ast @meric nat eri Higuyec Imiddastraressithee packofd 10 va Wts set
material renyondikiensaihe siAePaNAf f321/Q ehnRatat HasdNly YranfdrS Hag
‘represented py the notation delta Y. %? . _ The taot'al conpression
(def or mat i onP6P CREPFESR s&btgﬁﬁwﬁ €n sddgu a1l 32/i40 d& pMed by a

di stortion otoelktensivenglieh the thicknesisand ehel ppes ahidn Lowerconfines

24 and 26 of .t Li.QS e undi st qrt ed, :hut. the rectangl es 114b
imediately a g%élégdséglgggb%a H &%ng ﬁp§'§31%n8°bfrﬁﬁ&épgbq§ maj or
transf or A8t | yepresented byt thecnotasionededitanixi nifinet weakctdont ferce

el astomer i ¢ Bt ehdlvallis! B¢ Ehe! glan® 8¢l i epratented by thePArlicfias Of
the rectangl es, especially those rectangles 114b nearest tThe conpressed
i nner wal | 38+32. The rectangl es 114c near the height of the bulge 60, on

the other hand, have badees i sBhewn Har Figuire 17y, asn¢he paskoeFyaioher. " -
Flure 70« nEnERFYachs, nox Bbed oifnies Whe Eabeket BB AdR o ' S e
t hat t helbanengagesuthe dapexsedi dnnemewall ild6cdFjgusesd 4f amd Shewdddhi ng
hanger side gpd;glieRdat edaktidh o't theCelAStomeric material to
compress,'but-since the total volume of material remains
the same, the packoff 10 elongates slightly. This is

. represented by the notation delta Y. _

20 The total compression (deformation) of the
packoff as shown in Figure 7 is illustrated by a
distortion of the rectangles 116. Thé rectangles ll4a
within the confines 24 and 26 of the lips 20 and 22 are
undistorted, but the rectangles 114b immediately above and

25 below the upper lips 20 and 22 undergo a major |
transformation. This illustrates the area of maximum
twist of the elastomeric material by the distortion of the
upper and lower portions of the rectangleé,'especially

- those rectangles 114b nearest the compressed inner wall

30 32. The rectangles 1l4c near the height of the bulge 60,
on the other hand, have become thinner, horizontally, and
closer together. : _

Utilizing the gridwork illustrating the
- elastomeric distortion as shown in Figure 7, the curvature

35 of the band was selected. The curvature is such that the
band's natural deflection when it is compressed from the
casing hanger side and elongated is similar to the
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gl and. VVthln the confines of the lips, i.e. areas 24 and 26, the bang
Mmas formed straight, i.e. portions 50 and 52, and i mediately curving
and 5 58 toward the bulge, represented gy points 1 and 2 until the height
of the bulge 60 reaches a point 3, i.e. maxi mumextent. Utilizing that

di gt @\[‘%*'eogoﬁ{;.aiaflshaawmau%t 8k ehet EQaS’EBMéi:HEeme:eH‘L‘Elb@ﬂgnv"as driven

i Nty Iguration as represented ¥ gure 6. Thus, the 10 _profile of
the band 50 +RSER4Led déncsheoPhantde (Hé BFBfFP@ SPnfhﬁeﬁaﬂﬁ thei hipSgures
1, 3 and 4. Erem abeakoragahdg26l, ehe benaeso whst cobmedoseeaight, providing

a band such as_50_which_as.pearky<gs sible.copforms _to.the_deformation
a,band such goe0pull 6Bug°s0°8hhY 23> RA3°LihBaFRBLEL Bukgy LhoaoL0r iE
packof f wPt hSBetowevdbtbechpébel.u representeddeatnpoinhselifand diuwhtihe

def or mat i on fﬂ@rﬁSE?ﬁgSBECEthbhﬁgeekésieaéﬁés ESihé's 1D, @t NREx YRGAS
the result of the S €O ured to react to the
el ast oneri c R¥FERtal %ié621§§cﬁh§tmﬁ}sFﬁ5FlPﬁtPgrtged%?é?ﬁﬁF?th

characteri stnggefrtai Gheheugaaeuréhof thet bafidywabh@reveat 0resi €hent eri al

was free to def a t here was_n al L. c._band i nzbetween.
hbnetheless, ghgﬁfa§§°8eeFdsapfsg?E?F5§§¥ #ﬁgu Sc Ofngﬁ?'fgﬁemhatever
reason, LRe pmofilet afl the2bahdnB805npFigudedét benfiermsstoythechuofile

connection b €k a ' [ ri 5t k :
retr.ev;b.|.§$“‘S§§s%§ﬁd“99 In®PYqhlds’ 1Ps%npCeg®a 1 192 12 T 1. A

packoff for an annularF§Eﬁc§h€oﬁﬁFF§Ph§9 ik cppcbentean| thatebhering with
. bepdabl e dowsgaedp¥ of providing a band such as 50 which as nearly as

possible conforms to the deformation of the elastomeric

15 material when the packoff is set provides the packoff with
retrievable capabilities yet does not interfere with the
deformation characteristics of the elastomeric material.
In other words, the result of the study was that a band 50
was configured to react to the elastomeric material in

20 such a way that latter's deformation characteristics

urfaterjal defarmati on of the elastoneric material when installed in the/~ .
(05

remain the same. That is to say, the elastomeric material
was free to deform, as if there was no metallic band
in-between. Nonetheless, when it is decided to retrieve
the packoff 10, for whatever reason, the same metallic

25 band 50 provided the necessary mechanical connecticn
between the upper and lower metallic seal rings to make
retrievability possible.



kt nding lips, 5. a lower netallic seal ring with bendable_upwardly
X@ung i ps, an elastoneric seal ring interposed-between said'netallic
se

i.ngs and having a portion of a thickness gr r than sald netal lic
seal rings and their respective |lips, 10 sai f& g an area
ed

of said elastoneric ring, and rreana_'% B the formoff
metal lic band wi thin and extending the

and bet ween sajf per and lower netallic seal rings and connected to sai:
upper and | ower Seal rings so that force applied to said upper 15 netallic
| apply a simlar force on.said |ower netallic seal ring by

seal ring wl
the transl ati

| engt h of sal d el ast orrerl c seal

Q0 Of ASPAGkoERTRR B S thrTBbatd ComitaRnghi ch force will

ring..

def orm sai d el astoneric seal ri-n? and bend sai F-"FS radl al I y said netallic

band al so provi di ng®safRPepachefal
the sanme 20 t egGertling @ipsNg to the deformation of said eI astaoerl c seal

ool T PnooetntaRotals Tof WivaPRhEble: o B SRatmcn o

ring. 2.

¢ t 1$eALt rF G It

el astoneri c seal

and 20% 3.
25 in elevati

13ps packoff as clainmed in claim2 wherein said netallic band

Ve at

onal ia‘&'iﬁéi‘ &Ad:tpgsé@ HBLA! gs in
the area of said o%érlg'appl ng rel atloﬁ p an I n the ar@a%ﬁaﬁé%%cgn

said curve of seal rings a@%&ﬁﬁ%m@cﬁﬂ-@ht@dat Shigkmess i gregbex i anosaigr eat er

t hi ckness, Sajde19ESsedfi SHigd @g@th Sapert ures which define

thin vertical
driven to,

def ormati on of sai dea{siﬁotmer fornt bf0a curved,lslettéd, mebaphizk bhihd asrsﬂmibi y for

sﬁé&
bands o netalli 30 mat eri al capapl e, of , anpd
di al dies HYeEfﬁFP&P%%aﬁ?ac Rt réeP Ein%| Ahon

o

Such 89 hangoP BaaRaRg, B YERRT AROENd elaBlaRRlt Sef B W B

_ upper metal | i

15

sagigampperngnd lower metalllc seal rings and connected to said

upper and lower seal rings so that force applied to said upper
metallic seal ring will apply ‘a similar force on said lower
metallic seal ring by the translation of said force by said

- metallic band, ' which force will also deform said elastameric seal

20

ring and bend said lips radially said metallic band also pfoviding
said packoff with retrievability capabilities while at the same
time conforming to the deformation of said elastameric seal ring.

- 2. The packoff as claimed in claim 1 wherein the thickness of

25

30

said elastomeric seal ring exceeds that of the metallic seal rings
by between 8% and 20%. -

3. The packoff as claimed in claim 2 wherein said metallic band
in elevational cross-section is coaxial with said metallic seal
rings in the area of said overlapping relationship and, in the area
therebetween, said curve of said metal band being oriented toward
said portion of greater thickness, said slots of said band being
elongated apertures which define thin vertical bands of metallic
material which are capable of, and driven to, radial flexure in
conformity with the elastic material upon deformation of said
elastameric ring.



é a lower netallic seal ring, an el astonmeric—seat—Ting interposed

bet ween said metallic seal rings and having a thi ater than ez
LOf said nmetallic rings and said annul ar spﬁm ' W\Eml [anti-ex r%ﬁ C
lips on said netallic seal.rings 1_Qle3x§_end s apprng rel ati oQshtp

with said el astoneric seal ring, conpressiofi neans for conpressing sard
pagkeff downwardly agai-nst the shoul der and causing nmovenent of said upper
ano-ower rings andl packaffig assewblyl (fort seakbing aad afnular spassnBetiveeh he

formof a cur | 'alg%@.'thi i.d, el ast ric seal ring .
for nmechani ca%?%eegﬁir?g.tl ng sal lté%)%é@ an 'owg{r}c}?re a‘.‘%g%‘%sea g né’ge
wher eby a pul P§ $gig dodides having augaldept gprerisingal ring will apply a
pulling force on said |ower netallic seal ring. 20 5. The packof f
assenbly as clainmed in claimﬁri\é\:her in,said netallic band al so assists in
transl ating the coffprEEEY FFtrbice Fi%% to said upper metallic ring to
said | oner Betallia loweg metathitnBesl trhwg,capability of the packoff to enter
sai d annul ar space, 6 e _packoff.assenbly ag clained in_.claim .5
wherein the 25 thi SknecstaFrdsi g aEWrrelrnit?%)gsa ﬁ?ﬁﬁegxégéﬁs“‘?a‘f?g{h%f t he
met al | i ¢ sealsealngsings Bpdwdemi®)o andhRXdtesy. greatine thank ehth asfemhig as
claimed in clgdahp; WVReh& %Faagaq_d%g} d in elevational cross-section
ring

i's coaxial with-sard nmetallic sea s'1n the area of overl apping

rel ationship and iPri¥S ¢heecalintirpstepeionetipsc on \aaid mealdic seal qrings er

thi ckness a0Gexiten@irgy iige bvak1dppify ORCIAL €6hahep t i ARET EiHRSmeWel GRa1 defi ne
thin vertical_lbands of netallic naterial which deflect in conformty

wirh def or mati8* of said el astoneric ri ng. 8. A nmet hod of preparing a
packof f for seal i npmaresdiondmeanss fomnutarpressingWalalid s padieTE C doiwaziing t he
steps of: pray.di pay cl .. lic elenments wth_lips and 5
with an el ast r?e%&::&g %a%l%rtﬁiéégﬁ%&gﬁ% ?fg s?ﬂ) C ok Tic
el enment s apartings dEndscaysiof esaidnbipss 80 dsetetand i ¢ el ement s,

15 means in the form of a curved, -slotted,' metallic band within
said elastomeric seal ring for mechanically connecting said upper

and lower metallic seal rings whereby a pulling force on said upper
metallic seal ring will apply a pulling force on said lower
metallic seal ring. '

20 5.  The packoff assembly as claimed in claim § wherein said

metallic band also assists in translating the compression force

| applied to said upper metallic ring to said lower metallic ring to
- - enhance the capability of the packoff to enter said annular space.

6. The packoff assembly as claimed in claim 5 wherein the
25 thickness of said elastomeric seal ring exceeds that of the
metallic seal rings by between 8% and 20%.

7. The packoff assembly as claimed in claim 5 wherein said
metallic band in elevational cross-section is coaxial with said
metallic seal rings in the area of overlapping relationship and in
30 the area therebetween curves toward said gqéter thickness and is
provided with elongated vertical apertures which define thin
vertical bands of metallic material which deflect in conformity
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el as ric seal ring extending the length of said elastoneric seal ying
and ected to said netallic elenents, said jipg bul ged in
the area between said netallic elenments. 9. 1alumlmumml"ml im38
further including the step of making-sgjd el astdmersictsetl Ying wider than_
said annulus in which said packoff is to be inserted and conpressing saidf -
el astonmeric material and deform ng said nmetal band in conformty with the<
conpressi on of (5t8 VefoBatsbs i Saideeladtogriditdngai d annulus. 10. The

met hod of claim9 further including the step of providing said netal band
with curved reaction surfaces which are configured to react in such a :
manner that the8def oammbtloxd asfd preparing ahpackdffr iferi ssaldhgsai dykindsiaateri ¢
materi al and I| f s u ! 8l naffected. 11. A
packoff for an ann &Iariégaa%éelh %gf){%a JE'H Fﬂirsm%e&e?nbeﬁore described with
reference to the acconpdinggp maawquslr@ar metgd o felementsnwith fldps sandl i ng

an annul ar spagg; pet meélage&éa&rgsal IS tbBebetwid add) &0 to bs?gbgssald
substantial l'y as 25 hereinbefore described with reference to th

acconpanyi ng dr BRE3dc elsments gaart,and dido FRIGHETt Bhapy §2id metaldie slgments.| v
as hereinbefore descpi®giding a circular, curved, slotted, flexible metal band

within said elastameric seal ring extending the 1length of said
elastameric seal ring and connected to said metallic elements, said '

pr(vi d'i ng a circular,. curved, slotted, flexible nmetal band w thin said

li

lOlmetal band being bulged in the area between said metallic elements. \\J

9. The method of claim 8 . further including the step of making

said elastomeric seal ring wider than said annulus in which said

packoff is to be inserted and compressing said elastameric material

and deforming said metal band in conformity with the compression of
15 said elastomeric seal ring into said annulus.

10. The method of claim 9 further including the step of providing
said metal band with curved reaction surfaces which are configured
to react in such a manner that the deformation and sealing
~ characteristics of said elastomeric material and lips of circular
' 20 metallic elements are unaffected. '

11. A packoff for an annular space, substantially as hereinbefore
described with reference to the accompanying drawings.

‘12. A packoff | assembly for sealing an annular space between
concentric pressure containing bodies, substantially as
25 hereinbefore described with reference to the accampanying drawings. -

13. A method according to claim 8, substantially as hereinbefore -
described. '
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