2153877 -1- TENSI ON HANGER EMBODYI NG FI RE RESI STANT SEALI NG MEANS. CROSS
Q) RELATED APPLI CATI ONS This application is hereby cross
) the follow ng five patent applications which have been

previ-ousy ‘filed and which are assigned to the sane assi gnﬁsgg.?? f
present apprication: U.S. Patent Application Serial No. 468, d . i

February 24, 1983 entitled "Fire Resistant Connections And U-Li ke Sealing
Means Therefor", filed in the. name of Frank C. Adanek; U.S. Patent
Application Serial No. 10 469,357 filed February 24, 1983 entitled "Fire
Resi stant Connections And Dovetail -Li ke Sealing Means Therefor”, filed in
the name of Robert E. Rush; U S. Patent Application Serial No. 469, 358
filed February 24, 1983 entitled "Fire Resistant Connections And T-Like
Seal i ng Means Therefor", filed in the 15 nane of Frank C. Adanek; U. S.
Pat ent Application Serial No. 469,354 filed February 24, 1983 entitled
"Fire Resistant Connections And Doubl e Ri bbed Sealing Means Therefor",
filed in the nane of Robert E. Bush; and U.S. Patent Application Serial No.
469, 355 filed Fehruary 24, 1983 entitled "Fire 20 Resistant Connections
Embodyi ng Heat Transfer Means", filed in ‘the names of Charles 0. Bridges,
et al. BACKGROUND OF THE. INVENTICN This invention relates to neans for

effecting a seal hetween surfaces i ans for 25
estahlishing a fi rl&Ns ¥ HANGER ﬁ@@&i‘ﬂ%"ﬁg gﬁ&éﬁ%@?%‘f@out er surface .
of a tubul ar nertsy RsmhcasoaRELﬂﬂEDmthwg@tJNs -2- and the inner surface %,
of a mating nenber of Qe é¥$g ttal arg own to e g IIhead

equipnment. The fact th S¢ P18 1A BRGS0 egFréce nC%LmFered in

wel | head appl i €atlicwrisg h‘éseInartgnt)eenrl?:atimuogmmedave beerepveviously has | ong

been knowun 1131, {4 aAR S En Qe S4i afied &6 MEheS Eanl GE<1GAREI4s! RIS encomasses,

by way of exanple and limtation, conditions su as .t he presence of
present app1icat1on U S. Patent Apo11cafion Serial No.

469,356 filed February 24, 1983 ent1t1ed “Fire Resistant
Zonnections And U-Like Sealing Means Therefqr“, filed in the
name of Frank C. Adamek; U.S. Patent Application Serial Mo.

10 469,357 filed February 24, 1983 entitled "Fire Resistant
Connections And Dovetail-Like Sealing Means Therefor", filed
in the name of Robert E. Bush; U.S. Patent Application Serial
Mo. 469,358 filed February 24, 1983 entitled "Fire Resistant
Connections And T-Like Sealing Means Therefor", filed in the

15 name of Frank C. Adamek; U.S. Patent Application Serial No. e
469,354 filed February 24, 1983 entitled "Fire Resistant
Connections And Double Ribbed Sealing Means Therefor", filed
in the name of Robert E. Bush; and U.S. Patent Application
Serial No. 469,355 filed February 24, 1983 entitied "Fire

20 Resistant Connections Embodying Heat Transfer Means", filed in a
the names of Charles D. Bridges, et al.
BACKGROUND OF THE INVENTION |

This invention relates to means for effecting a seal

between surfaces, and more particularly to means for

25 estahblishing a fire resistant metal-to-metal seal between the
outer surface of a tubular member, such as a tension hanger,




hi gh and | ow tenperature, sour gas, high fluid velocity, pressure cycling,
t hef mal . shock, and/or the existence of 10 forces of vibration, bending,

compressi on, tension or any conbination of these forces. In an effort tg
proyvi de equi prent that woul d be suitable for enploynent in such well h
appH cations, i.e., that would successfully wthstand bei ng subjected X%
extrenme service conditions of this type, 15 fiftal-to-netal seals have
her et of ore been enpl oyed for purposes of effectuating seals in equipnent

designed to be used i | L head _application t af ogredescri e.

This sel ection of néd"g® eo-iﬁ’éetrafu'%gﬁ?soaftf &ma&é@é |"'ﬁm§e i g?rﬁ’gn ehggﬂbé%é;

i nfluenced to sone dmnbemttobgxistyvin srhthead| eandpmend. econoni ¢ consi der ati ons.

Moreover, the netal -to-net a*?é?ﬁé§ thiélexitree ?@v‘ﬁ@&'dbnbﬁﬁ'%nfea'rﬁc" ed for use
il

for this purpose have been of vari_oqus e3|%gs. By R\I\EIE‘?I of illustration,
reference may be hadngewrgred Harwellhead appTisatians Rgs 1988886, which

i SSUFd on Junfa 285| Jr%BQﬁﬁethMoreov%Qele: Bds dbng been k?omhmng:héﬁlatfxra

nmetal -to-netal seal that .is. gdisclose sg, l.n.equi prent ,
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earlier types of netedampte and diotsktiamitativen congl tigas susheafuthergmesensei efned

for use in wellhead yannagm | 6piteRpEratiieCsiro4gs, GaE Al o veTodigy capabl e of
wi t hstandi ng the extrénme servigce caonditions SS% a eﬁ Wi t,h. such
hac /8% e

applications, i.e, CUREFYTERLCIINT, 1B SHitEenEe of

her ei nhef ore, thage forces ofovitradiomschéraling; eongnessiomt tensddntar bey fire
resistant. That is, Lre S5eexj.steq,l si gn of

t hese netal -to-net a|&§'8§ﬁ%§q®és‘;€g%%5§r ﬁ@?e?haﬁnt%‘:;%gan%tggg/tp?ﬁ‘éﬂ%a ability of
mai nt ai ni ng seal atauipmentdthatnyoylsr be sy itablentarham loypeisie Susid

contraction occasi ongd1h¥ad BfpTeatidn)CE eQf that!wRId suckessful ly whthstad nore
recently that the matter of Ti esii;t_ance hqs (of0) ' as a

1 re t.0 be viewe
consi deration in thedej8g; ipiggted g%aﬂx e PR F?/[f@q?'[ﬂﬁﬂsi"rf B Y%t hat
is intended for use metaletd-metal apypils bane besetofbrecbeen emplovednferi n t he

industry this matt erpuorjpogéé S f' SFectidtifg 1251 SINCedtTIMIE A gRéA kS K
used in wellhead applications of the aforedescribed type.
This selection of metal-to-metal seals for use in this manner
has been influenced to some extent by environmental and
20 economic considerations. Moreover, the metal-to-metal seals
that have actually been selected for use for this purpose have
been of various designs. By way of illustration, reference
W may be had among others, to U.S. Patent No. 4,390,186, which
issued on June 28, 1982 to John K. McGee et al., for a showing
26 of a metal-to-metal seal that is disclosed to be suitable for
use in equipment, which is desianed for employment in wellhead
applications. ' '
Although these earlier types of metal-to-metal seals
when employed in equipment designed for use in wellhead
3n applications, have proven generally to be capable of
withsténding the extreme service conditions associated with
such applications, i.e, conditions of a_sort that have heen
enumerated hereinhefore, these metal-to-metal seals were never
intended to be fire resistant. That is, no reauirement
35 existed insofar as the design of these metal-to-metal seals
was concerned that they embody the capability of maintaining



,being sinply a consideration, but rather has nowrisen to the |evel of
bei ng a requirenent that future designs of netal-to- 10 netal seals nust

satj-s The high tenperatures whi ch are encountered during wel | head fires s
gi ve @ to a variety of problens. Included anong these are problens that -
can b I nked to the rapid thernal atup and cool down of the materi al £" 4
which is exposed 15 to the well headfire, the expansion and/or-contraction
of the exposed material, and/or a loss in the properties which the exposed

mat eri al aﬁ1k&g§ﬁtg§ﬁlfrfﬁ@5€‘er%d§'o?sﬁie%ﬁatekﬁ’ihsigr?"é‘ﬁﬁer the aforereferenced
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wel | head e Y sea he wel | head
equi prerf sealsubf gibectypeofoundein iequipment ethatﬁs 1n1'ended forReus®r ding first the

matter of g %ciiﬁﬁé&%t a'mm%hect Ppr&dviers 19f sy mem fidsBRENt materi al

i nsof ar as ering such Zrlal fire’ resbsta 1_|s concerned the | oss of
tensile st%}ﬁgf"ﬂt@ﬂw%lﬁéﬁl resdstance fas aene pexand; the, stake fkad fire can be
conpensat efefmyr simmyea/e:roahdmysion Fout B8theexmayhew rtiken oetmure linits
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to be down i ve percent tion, the pressure
vessel @l metajf Seih‘é evqsﬁ satisf an guestion generally are permtted to be:
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eui pnent nﬂgu*ﬁéd reg q‘(‘!Sd"g?'ﬁFet‘bP v ﬁg¥ &faPr g‘%‘pl g'ﬁfq ‘ﬂ] t he oversi zi ng
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equi pnent i'S o2 ures such as ose to which this
equi pmeki ite ﬁwpmﬁaemrﬁng, tthe Wémiﬂénw or eonfeaqtien of the

exposed material, and/or a loss in the properties which the
exposed material exhibits. For ease of classification,
however, the aforereferenced problems fall basically into two
categories. MNamely, there are those problems which relate to

20 the structural characteristics exhibited by the wellhead
equipment material upon being exposed to a wellhead fire, and
there are those problems which relate to the capability of
seals in wellhead equipment to maintain their sealability when
the wellhead equipment is subjected to a wellhead fire.

25 Regardina first the matter of the structural
characteristics of wellhead ecuipment material, insofar as.’
rendering such material fire resistant is concerned the loss
of tensile strength exhibited thereby when exposed to a
wellhead fire can be compensatéd for in several ways. For

30 example, the pressure limits which the equipment must be
capable of withstanding is commonly permitted to be downrated
by up to tﬁenty-five'percent. In addition, the pressure
vessel walls of the equipment in auestion generally are
permftted to be constructed such that they are oversized.

35 #ccordinq1y, it has been found that this twenty-five percent
downrating of the pressure limits which the euipment must be



Al-t hough wel | head housi ngs becone | arge when the walls thereof are
oversi zed, such housings nevertheless remain within practical limt
Thérefore, there is no necessity to 10 nake use of exotic steels, ....\
for_this type of equipnment. This is not to say, though, that future AR

devel opments in the area of material research jray not produce new cost ./

effective, high strength alloys, which would “fabl e a reducticii to be had

in the sizing of wellheads of the type to which reference has 15 been had
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that are enbodied in Refd "equi prent, |1p I's essential for the reasons
that have been di scugressupe agissrls wg1tscpg the: equirmenth 1s suf§igjentftoect uat ed
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i nproved seal i ng techy Spdthd ul Si4h PureO He vt Bphentef freehe Seal s
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specifically, there 1482 &fiBatenial FeIRArEH MpYy 0% Proquse Ry oSt e,
tenperature sealing heghstdemht &Albysp whichwoalrplenatillel @ feductiza torbe had
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seals that are embodied in wellhead equipment, it is essential

for the reasons that have been discussed previously herein

that such seals be effectuated through the use of metal-to-

20 metal seals. On the other hand, however, if such metal-to-
metal seals are to be capable of exhihiting adequate tensile
strength at elevated temperatures the view has been taken that
there must be utilized therein high strength materials as
overlays or seal ring materials. E1astqmers, as they are

25 known today, are known to perform unsatisfactorily when
employed under the sort of conditions to which wellhead
equipment is subjected when a wellhead fire aoccurs. The one
nonmetallic material which may have some merit for use in such

- applications is that which is referred to by those in this

30 industry as "araphoil". '

By and large, therefore, it can thus be seen that in

order to develop wellhead equipment that is fire resistant, a
need has existed to develop improved sealing techniques that

~ would be suitable for use to effect seals that would maintain

35 their sealability at elevated temperatures. More
specifically, there has existed a need to develop improved



In this context, in order to devel op such an inproved high tenperature
sealing technique there would exist a need to address the foll ow ng areas:

.+ the- mal and metal | urgical 10 characteristics of the materials invol ved,~
~1he tive novenent that occurs during the mating parts, and the sliding-
acti hat the seal nust endure. Efforts have been undertaken | ooking to >4

t he devel opnent of such high tenpergture sealing techniques. 15 Moreover,
the focus of these efforts, at |east at the outset, has been directed
towards successful ly provi d| ng a sealing neans wherel n the seal effected

t her ewi t h highl temperatapeiseal bfg techndquasdithat whel dbglappdigablat ur e required in
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20 To this en consi dera evoted to the devel opnent

of a suitdbRs aneah® bGoFM@ét'f'bHe”hf@dvﬁﬂHFMP nQ’!i‘i whichswasdd| api ity at
el evat ed tHIpRs aehgrm*eﬁmvﬁfentnm wf)msxa@u dnt teemeases of such a clamp .

connection prov det ri nt al - ea an es of the
vel | head ﬁai %b H’ge 'éar"gge 65'{“’%% fﬁ 5’6@%‘ tsge‘béq'd SH rollable in
terms of twoudd axomnordyf beelxposedarhm Qhermmemtofsetwﬂﬂheaduﬁre-t he latter

t ed I
Connect s orf e F RFARS ﬁgaﬁw‘f@ R B R R et on of the

above, thetemperatyse seabing sechpigue dhece weuld exbihacteedntas undert aken.
However, tduaresy Qu@rﬁm@nhgaéretaaanahertmwerahuemoﬁun»becaadded mass of the
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princi rans Londiti on could be
realized imovemérdsghat loeglnsaduﬁlbgsthef m@ﬁﬂsmWanﬁﬂdgthﬂﬁéW@M head housi ng.

It was the#tq SR Gnd e eGet b1 hist BRaurant ext of attenpting to render wellhead
|

equi pnent re resistant clanp conpecti on?%@ oul d not be utilized.
Consequent | y, of f BFfartachaveqbean; unsertakany, BAk% 89 a new and i nproved -

form of coguvetégment ofnegch ﬁﬁémrtéapéredurta)séh‘lefndet/&tlhomnest of the connections
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has been directed towards successfully providing a sealing
means wherein the seal effected therewith would he capable of
withstanding'the high temperature required in order to enable
the sealing means to be classified as being fire resistant.

20 To this end, considerable time and effort was devoted to the
development of a suitable clamp connection that would maintain
its sealability at elevated témperatures. However, not only
did the mass of such a c1amp_connection prove to be o’
detrimental to heat exchange properties of the wellhead

25 equipment per se, but indeed proved to be uncontrollahle in
terms of torsional deflection and permanent set. In turn, the
latter prevented retention of any seal that was dependent upon
the clamp connection as a holding device.

As the result of the realization of the above, the

30 development of a studded clamp connection was undertaken.
Howeveé, the unfavorable heat transfer'broperties of the added
mass of the clamp soon led to the abandonment of the clamp
itself. This was done pr1ncipa11y so that a more favorable
heat transfer condition could be realized in a less 1rregu1ar

35 surface surrounding the we11head housing. It was then
concluded that in the context of attemptfng to render wellhead



whi ch can be found |Iisted herein under the heading "Cross Reference To

Rel at'ed, Applications". Apart fromthe need to provide fire resistant 10
comnections, a need has al so been evidenced for acconplishing in a wellheag:
assenbly.a fire resistant seal as between, for instance, a tubular nenﬁeﬂi§§§9
sucas a tension hanger and a mating nenber with which the tubul ar nmenbe

is intended to be cooperatively associated. |psofar as, for exanple,

tensi on 15 hangers are concerned any seal utilized therewith nust be

capable of maintaining its sealability while yet undergoing novenent of

poth an axial and a (gibnt ¥ fes Miafs 20Gf cbfifctiond ShdAQ0ME Ypth the

node of operation of ensi on anger eS|(<!:;
inserted into the 20utildzed.of C%Fsﬁ&‘ﬁ“ﬁa;ynﬁﬁﬁ@’rts werendirecke d:BW*'FFg’Sbonnet

'Vbrleove{h :AE tﬂet ﬁOUfSﬁo%afngbelm afy Hﬁﬁﬁfvtbadfdrﬁtdf brnectiborlg b@aeetd Lhe
seal Wi ic e S4| PLOVI raized by
virtue of its being \%‘hs qﬁp g%ﬁﬁﬂérﬁé’p&?@\%&{ ?V%Fgf%gde'figb this
purpose in the nath ngomperitethe Mﬂe@sm'sfertokfeffﬁue cof-pemding pataet seal
into the aforesaid tgﬂﬁri@&jﬁ%ﬁ?ato' §h'fc‘ﬁ %@mé ﬁ@s %e?ﬁ ﬁa@aﬁgﬂgn@fowe angal .

After being prel oade f oresal . d nmanne e seal
into the straight bo¥RicHfcampe nfé’PPﬁ’}d‘ﬁﬁ?ﬂ)@?”eWhlé"%'dEh\ﬁaf‘?idiﬂgf |Cr‘i'Pﬁ§ t he
strai ght bore functipéferendecTaiRe1ated applicabianst| oaded for purposes of

achi eving both proper heari r}ga's,t ff'lg"? tﬁ%&ne@ﬁaoa?%htde ﬁl;lgv\%ﬁe"frsta,{,he exact

| ocati on of the seal from an axi al st ol nt atrve rai aht bore
varies as a functifoncesmectionsxta need cb!ambn haee evidencad fiemgeeommlishing

moved in an axial di§egt] wmhwd qrséﬁﬁbWOaaqheeaéef;mtrfamsstbeu?eint efyy oni ng
t her eof . -7- Fromthe precedin i SCUSSI O it can be se n in

effecting a seal bet {RsHAnee 8nkY Hﬂa%é{‘ﬁﬂ'&' SHel' as ttF%“He?ﬁS‘é’F” e seal is
first subjected to rmastiiab memperravith iwhiok cbhe tubudae members fis timdempted| tadieng

ther eof . amor eaf ter cobldfadita]y i3saebh CCLRthaR AXI Hr RHGTRN!eeBide® o

tensi on hanger is un%IOerIgm ng tensi oni qlirenents, a
seal 15 hangers ﬁY‘P concerned any sea1 u {1{zed fherewith must be

capable of maintaining its sealability while yet undergoing
movement of both an axial and a radial nature. More
specifically, in accord with the mode of operation of a
tension hanaer, the latter is designed to he inserted into the
20 bore of a mating member, such as a tubing bonnet. Moreover,
in the course of being so inserted into the tubing bonnet, the
seal with which the tension hanger is suitably provided is
energized by virtue of its being moved into a tapered area
suitably formed for this purpose in the mating member. That
26 is, the effect of moving the seal into the aforesaid tapered
area is to accomplish a preloading of the seal. After being
preloaded in the aforesaid manner, movement is had of the seal
into the straight bore of the mating member. The sidewalls
defining the straight bore function to retain the seal
30 preloaded for purposes of achieving both proper hearing stress
and sealability. However, the exact location of the seal from
an axial standpoint relative to the straiaht bore varies as a
function of the extent to which the tension hanger must be
moved in an axial direction in order to achieve the requisite
35 tensioning thereof.



'
in order to be considered fire resistant nust al so enbody the capability of
being gble to maintain its sealability while being subjected to the

el eva t enperatures which are known 10 to prevail during the occurrence
-.of an\ head fire. The effect, insofar as sealability is concerned, of -
these €Tevated tenperatures on the tension hanger and the mating rrenber W
that is cooperatively associated thetewth is to cause an expansi on and/ or
contraction of the exposed material of these menbers. 15 In this regard,
novenent, i.e., ansion and contraction, in an axial direction is of
primary concern. @rkhe. preceding discussion.citian thusebalsesn gdses no

signifi Canbf%&bh@@ 84S BEEdeenSa tteRs oRChirgelredlid efmaexwmﬁmm of the two
' and h mat i i na can he 20

menber s,
presel ect edh%tﬁ?ﬁpt‘ﬁa?ﬂt’sﬁeﬁ"g%@g%rtﬁ A 5“”’% ﬁ?f‘ GPtferential radial
movenent betmmsme:hemwadihgr@gremd Tme«&tarngtheeatﬁér iss insufficient

to overc r g,gmpr sed seal nenber,
i.e., th%ng}‘%“{%gg&) ﬂo Q‘gieg]%néqghg*e&r?ygu'ﬁ?ggﬁaoﬁas descri bed 25
e

previ ous| y undengoing %ﬁ"ﬂ?@"@ﬂhef'aﬁi&ﬁd"e"dm‘?ﬁ?gr?%' ®¥bving axially
wi thin theiftgrieghto Berconeiddrad fiaei Fesigtartcnust abse embodyushe mai ntain its

sealability Si.on ng and ti and/ or contract

in respons&? P%’ﬁ?}g‘f r°$b &g gﬂﬁj g?: &"‘iagﬁ ﬂgagglgn irF%eW res occasi oned by
t he 30 occbheimncebiectad viel tireadevated. teMpecatures shiehareknowe has been

concl udegl oOReIRR] Xub Rl 1A bt fAent €I sswetﬂnﬁéamfm afe do exi st which

are suifable use | orm ng gres ur e cont ng,I ers. of well head
housi ngs, @zif%%tsbi)'&ﬁ"é?' asn8ed) 3Rttty ?GP[“T’%?"e t"f es8 SheYALY as bei ng
practical tremgeraziiFesCbn Vithevterisdon dangerd anﬂzlﬁhbem:h hmmemhgs tbét such

materi al s Thﬁ%","ﬁﬁ?@gﬁr geﬁgtéa‘ct;ﬁef%wﬁﬁ 1s'“%et{au§% Sanf Einatng’jt?n purpose does

not | ead tJ U@E ol nt of being
i mpract i calandfor chetr@ch‘eqn pfirthe exppsed mate %ttéﬁ‘hf“g"“?ﬂ"é

di Sadva@t;a%%m'dramaq«&wfﬁd iréiqfé(naﬁﬁ&pﬁﬁ&ﬁ:ﬁﬁtﬁaheidn 5igui t abi | i ty for
use in perf;%rggqu S%Q%E%Hon gs é¥1pr4mary concern. Movemert in a
radial direction genera11y poses no significant problem
inasmuch as the coefficient of expansion of the two members,
j.e., the tension hanger and the matina memher, can be
20 preselected such that they are very similar whereby any
differential radial movement between_the tension hanger and
the mating member is insufficient to overcome the springing B
action of the radially compressed seal member, i.e., the ~
preloading to which'the seal has been subjected as described
25 previously herein. On the other hand, during the course of
moving axially within the straight bore of the mating member,
the seal must maintain its sealability as the tension hanger
and matina member expand and/or contract in response to their
being subjected to elevated temperatures occasioned by the
30 occurrence of a wellhead fire. |
Thus, to summarize, it has been concluded from
analytical and test results that materials do exist which are
suitable for use in forming pressure containing members of
wellhead housings, valve bodies, and bonnets. Further, it is
36 viewed as being practical to construct valve bodies and
wellhead housings of such materials. That is, the use of such



Accordlngly, it is essential that a new and inproved form of seal be

devel oped for use within wellhead equi pnent housings. Furthernore, such
new and i nproved form of seal nust be of sufficient size and integrity;
wi thstand the | oading forces 10 necessary to effect the sealing functidon:
In addition, the materials fromwhich such seals are fabricated nust of -
necessity be sel ected for conpatibility for t@elr el evated tenperature
strength, and their thermal conductivity. Nanmely, it is very inportant that
the material selected for use for 15 fabricating such seals be such that

the mating sealing Swi{ehfers FhAlends HuRpostis t A e8ADCANEHGEs Of the use

t hereof are conpatible romtﬁe stan pol nt g%ﬁﬁerma expansi on and
contraction, corrosi 9?1tvge'Wé'ftd%ﬂ)|tP? tef'"éi’ﬂf"éa?q *P%s@él‘hr&febe M8wever, even
when the above cri t efmprabeicabeednsthd stheadhaid) hiveeee, Sshti\ |malt@‘ﬂ%n95av@ need

t I d hi gh t ' d

contrasted to the mateepftaiadfity; cidtaftbr fed Shifran 49 Chuctils Bt
suitable for use i switahthidyetan pserin pérforming decseslibjeefunatiom. el evat ed
tenperatures of the i&’o‘b‘?-d“bﬁ& af@i?%éhﬁ'ﬁeﬂm‘#ui'ﬂw H&ei@pﬁ'o%’&"ﬁﬂncbff a

wel | head fire. That 15, g@)nee Eqren eV| denced_ for seal design wherein
c

a seal constructed i 53 rd&é(ﬂl‘,@eﬂh otFe iFRin wellhead (-,et?ﬂmﬂ?@a hoys{Rasl- head
equi pment he char act Burthesmdre, tduehf R oiewt dmait 1mﬁrop@$§0mmﬂ’ $dw ﬁtﬁtabﬂdfty of

mai ntaining its seal n i ch
It iis.enbodied is i m@/\%ﬁ#\}tg? t ‘E}’fe Wﬁg%&ﬁfw Pfﬁ%gﬁl ggel?,ta? "g fﬁrc‘@gj ect
of {1 present i nennecassany ﬁﬂoﬁﬂfaét dhaesead g Ifmmfdvad flaradddtion, the .
metal -to-nmetal seal gpyidrallE rhoH whTEH @uave%awlawe'#ataﬁe&re&lmuem It is

anot her object of the e?en% |nvent|o de_such a ngetal -t o-netal

seal , whi ch when errpf'?f{)?é& ty be sejgrtad Wé&ﬂ‘?ﬁ%@ ‘citiysﬂﬁ”aﬁwl"eelﬁ"ate

wi t hst andi ng the condéripeeaturenpaeagdth hanethoir dhermal édnducrioity Sniemelly,a

e sespeha | r o 1Bl R ROAREL B dobfr PR VR U e

characterized in Yhafabhnicalingbsuch sepdgube éuclaertéwatefhstmaaﬁgg rsegVing at t he

el evat ed tenperat ur egydfaghs nb&lardhgvddacelak "EBnseauence of the use thereof
are compatible from the standpoint of thermal expansion and
contraction, corrosivity, weldability and gall resistance.
However, even when the above criteria has been satisfied,

20  there still remains a need to pi‘ovide a2 hiah temperature seal,
which in terms of its design as contrasted to the matter of
the materials from which it is formed, is suitable for use in
wellhead equipment that may be subjected to elevated
temperatures of the type that are experienced during the

25 course of a wellhead fire. That is, a need has been evidenced
for a seal design wherein a seal constructed in accordance
therewith would when employed in wellhead equipment be
characterized by the fact that it possesses the capability of
maintaining its sealability, even when the wellhead eauipment

30 in which it is embodied is involved in a wellhead fire. .

It is, therefore, an object of the present invention
to provide a new and improved form of metal-to-metal seal
suitable for employment in wellhead egquipment.

It is another object of the present invention to

35 provide such a metal-to-metal seal, which when employed in



fire occurs. A further object of the present invention is to provide such a
fire resistant netal -to-netal seal, which is 10 characterized in that jt
exhi a capability of being able to maintain its sealability even at the
el-evi tenperatures that exist when a wellhead fire occurs. A stil

furth&F object of the present invenionis to provide such a fire re5|stéﬂb
metal -to-metal seal, which is 15 particularly suited for enbodinent in a
tubul ar nmember of the sort that is intended for enpl oynment in a well head

asserbly. wiFinddl 88l Hhen® st HipaB € AU AR MieChRBI g de Such 2

t ubul ar nenber |re resrs seal wherein
t he seal |1!'PP$ﬁde|#ﬂ%'t?U1P9“ K@PMéhe@csnu@ngg ofha weldhead fhwevrent in order to

acconpl i sh the pretoadsedit Brsther -ob¥eét %?Oémebrﬁ{)angcfinmtme present
such a fire

i nvention s to. grovi sych a tupul ar
resi stant YRePEAV 9 ﬂ’éﬂ é@ﬁl ﬁﬁ%é?aé‘itn"’eatfat ato-metay sﬁﬂaul Uﬁiﬁ’tﬂ T6he seal is 25
i Nt endell tchabec teapzdd énofhaltnﬂtalegbﬂﬁgsaadeahawvémﬂb ﬂh‘eh@fﬂ/et retaining the

bear | 0 5 g2 Bhe | 1SvIGH PllerhturkE Mlat B SROURE' 5 Wngdd || 20Ot her

obj ect of resent I nven ISt rrerrber
enbodyi ng §UQH>C$UT$¢e 30 resistant net aI -t o- net aI seal which is relatively

i nexpensive to prRanﬁQhan%bWoFOchsméa)éntV*l*?u'véﬁltﬁbﬁt1?%”9 capabl e of

providing reljable and_eff ect{ﬁéwserw ce even_when exposed to the

condi t i on®TPYige sucha fire res hastattpamefal jseal, whichits | n accordance
with alfi 'Cbh"mﬂﬁdoﬁntMtpﬂEQmefltava‘iI&hbm1Ebﬁro¢ bé‘lrﬁl‘ gnieded a fire “f'd
n

t ant f h tablish
of & f1re Potfioefi TEsTieal P10 ARATH: Br Slavitel Temebetiorbers
conpri si nghat fexist whenad Iwed 1 headbiresoccursavi ng a | ongi tud| nal bore and an
S e o o7 CTA gE1PURArREr GBIdcAopr MhePiedenfAbbiibRals 17 S o2 T nner

C|rcum‘erent|al surface includin I rst I on an a second

strai ght BEPEIdeoFUGhA: f'H'ﬁd'%*%é@)ﬁ@ﬁ%‘t‘&PfMaf‘reMr- wvichulsul ar

confi g1 apadticularly suited for embodiment in a tubular member of the
sort that is intended for emp1oyment in a wellhead assembly.
Yet an object of the present invenfion is to provide
such a tubular member embodyina such a fire resistant metal-to-
metal seal wherein the seal is intended to be made to undergo
2N radial movement in order to accomplish the preloading
thereof. | | o
Yet another object of the present invention is to .
provide such a tubular member embodying such a fire resistant. S
metal-to-metal sea] wherein after being preloaded the seal is
25 1intended to be capable of undergoing axial movement while yet
retaining the bearing stress and the sealability required
thereof.
Yet still another object of the presenf invention is
to provide such a tubular member embodying such a fire |
30 resistant metal-to-metal seal which is relatively inexpensive
to provide and easy to employ, while yet béing capable of
providing reliable and effective service even when exposed to
the conditions that exist when a wellhead fire occurs.



havi ng an outer circunferential surface, said second netallic nmenber 10
being at least partially inserted into said |ongitudinal bore of said first

nmgtal Iic nenber such as to be coaxially received there- within wth sai d
inner circunferential surface of said first netallic nenber surroundi ng -
sand outer circunferential surface of said ¥eeond netallic nenber, said

second netal lic nmenber including 15 . an annul ar band fornmed on said out er

circunferential surface thereof adjacent one end of said second netallic
member, said annul ar WaRecorAsnes Kiths ai finsirmspeet iy PERTSNG irventigte of

said first metal ltheréagbgrovagedal ﬂxr&eseﬁ@tm ab’cailataafdzel éeiliﬁgsaeaxesi into
sai d | ongi t udi nal

b i d t { hat
annul ar band tré‘\%(r)esfgfc'é Stgn$ §[°Sst"ag§} gﬂe‘bﬁ)r"?e ko) 1§%?r§%éﬁm?a?ea§aﬁecf"e§n
caused t o becone appairoaflakting mepallicnbenbeny csmpxisaegcanch&m aeglfliborember
portion saidsannyl,gf Q”gon%gi §1%o§§aindt%t? dxt 5 f@ré rHu'%@ace

prel oaded, said annu V|ng hel ylng
predet erm ned di defiinesnby t9aad @élmdéaﬂcépéﬁ, Gﬁifh igner c1r@mfsrmtrlal| on of

the bearing stresgrpiid §@auamg Iat Yirshatfetad 'p%H:Fo% EE‘&M 5&bnl0s @4 gt bore
bet ween sai d annul ar, band of said_second netallic_ne and  sai d second

strai ght bore poFbifPngsand,p secopd metallicy pember of, tup ac‘)'rfx‘g’rf"G‘b"aéF?’éct uat e
a fire resistant miﬁg ahmut%tﬁ]rcmlrebﬁta%ﬁﬁfiaéﬂ shid Secomd abtdldioniehaber

and sai d second AcC cond,.as t of. t he
ventlon tnabe eing 8% Teare pTRIREY shlbd A a8 SRR BIRRT ke e

| east-one fire r@auétfa.m’st mettallicomemben| suchads 19 beegnaxifadly gfecetvedatherg-t he
establishment of vﬁtﬁir{ %1&?%&%& Adhes %a!rcmw@maf durksde 32 saildbirsef mt ing

nmetallic menbers conprisin first netallic nenber 10a_- having
| ongi t udi nal bor &€& igme §rs'{§'FP‘€lﬁH‘5r§9ﬁt’|%te§LFr1f"ﬁE'EfeJ§T‘?‘ﬁéds‘HSfa§%u°(§

| ongi t udi nal bor &amasdéonmrmetanuecmm:ef £Rbidsesbid aneealmelmwbeg mciﬁmxg
t aper ed portlon and_a sé alﬁ‘ﬂht bor.e ortlo econ

member of 5 15t uith 4 S0t R e pep SRl SRRk, tibrebf
surface, said seadjscenst end |end refnbeid becong mtallléasmlepbmt,l sdidy anmdertteardi nt o

sai d | ongi tudi nal 329% °£a § fhdr E J%h'tié?l SRAARE %Qz&‘snf-& Betallic
coaxially receive erewn In wt sal I nner Clrcu erenti a
member as said second metallic member is inserted into said

longitudinal bore of said first metallic member such that as said

20 annular band traverses said first tapered portion said annular
band is caused to become preloaded and upon entering said second
straight bore portion said annular band effects a seal therewith
while remaining preloaded, said annular band having a height and a

S width -embodying predetermined dimensions that are predicated upon a

25 consideration of the bearing stress and sealability characteristics
required to exist between said annular band of said second metallic
member and said second straight bore portion of said first
metallic member in order to effectuate a fire resistant metal-to-
metal seal between said first metallic member and said second

30 metallic member. '

According to a second aspect of the invention there is provided
in a wellhead the improvement comprising at least one fire
resistant metal-to-metal sealing means for effectuating the
establishment of a fire resistant seal between a first

35 pair of mating metallic members comprising a first metallic member



surface of said first netallic nmenber surrounding said outer 10
circunferential surface of said second netallic nmenber, said second . .
ihc menber including an annular band formed integral therewith on said
o] circunferential surface thereof adjacent one end of said second T
me lic menber, said anmul® -band engagi ng said inner circunferential "
surface of said first netallic rrenber 15 as said second netallic nenber

inserted into sai nltudl bore of said first netallic menber such
that asehaau&ga% 8%1’??3 9?’a"v€r¥‘ &0 WY fincupferapeiadd portion said annul ar
band i s sunfaeel deﬁmmlcbymsapdelungdiaduanﬂ bope) said Ghhéery Sai d second strai ght

b § .2 eal t herewi.th ile 20
Formi hi o Simfées S thi¥aod LM ) ridaf Wpetedl bEREAEN 480 8w at b
enbodyi n@"ﬁpéo%*tré%&htné@rﬁipmn@r@dthaiecanda metaldiic atemlemipdn a consi derati on

of t1se beaiilag cShi tsanl A0 Ve R G EHIALLL SR 60 T 0 ©Xi St

bet ween sald annu] ar band of said secon gld second
st rai ght SHOPE BSSA1iGnmeRbes Jpeing; atsdegst papkindly iiosentedeintonsaidder t o

ef f ect ualcmgatfid:lhﬂ rlﬁs-e SéfashidTEiAst metalTRt HenbOR IsubPladeed vaai d first

talli seca er ures |la and | b, when
'[n;kgn tgg&s‘f’ier y 3h§r?"&%8ﬁ d'&a#aﬁalge’(f‘t"FBrF&l"c‘F%éﬁF’tﬁlaé wel | head |
i |l ust ratunfgccwcf md fn'rstswmdésc oiembere sofroandingesaidsbeteant net al -t o- net al
seal Conéffcuﬁfﬂnfﬂlam g@'lﬁesx\i& Qe%&ﬁ Ré é meﬁ‘? s Ia&r& Figure 2 is a
Vi I on o e

I onépt udi nal ' sect]ona ew of of Figures la an
I b il ust§sepd Mgtallic, E?“‘qeﬁst‘!&‘%é@“tﬁ am%nalarabmr gormedi integraket al - t o- net

seal Conﬂidi‘eﬁiﬁhdom sadd outeﬁ%@&dﬁ%@@nﬂalhsﬁﬂ?gc@ﬁ:ﬁ%? ady4eBhd On; and
-11- Figure 3 d| na# sectional view of a port I on of the wel | head

of Fi gur®¢ Fad Q%dsarlﬂ F q°ﬂ tHetAtl BeubeTonspidnannules bapd pagagine, fire
r esi st ansaideimiert gincenfdrestidl swrface Usft ealid Firac peehdNee mambér t he present

TG0, S SSCREL G B BACHE T it [0,

depi ct-ed®¥RethisAid fﬂéF‘é\P&ﬁ%nﬁGr‘P?“QS’ﬁroﬁuch thait] yea8id gapedaxl |y desi gnated by
band traverses said first tapered portion said annular band is
caused to become §reloaded and upon entering said second straight
bore portion said annular band effects a seal therewith while

20 remaining preloaded, said annular band having a height and a
width embodying predetermined dimensions that are predicated upon a
consideration of the bearing stress and sealability characteristics
required to exist between said annular band of said second metallic
member and said second straighf bore pbrtion of said first '

25 metallic member in order to effectuate a fire resistant metal-to-
metal seal between said first metallic member and said second
metallic member.

Figures la and 1b, when taken togethef; comprise a
longitudinal sectional view of a wellhead illustrating two
30 instances of use of a fire resistant metal-to-metal seal
constructed in accordance with the present invention;
Figure 2 is a longitudinal sectional view of a por-ion of
the wellhead of Figures 1a and 1b illustrating a first instance
of use of a fire resistant metal-to-metal seal constructed in

35 accordance with the present invention; and



ref erence nuneral 10. In accordance with the illustration of 10 Figures |la
and | b, .there are two instances of use in the wellhead 10 of a fire

resi stant metal -to-nmetal seal constructed in nformty with the presen
|n\fent|on -Inasmuch as the nature of the consiriction and the node of

operatlon of wel | heads per se are well-known to those skilled 15 in the

art, it is not deened necessahyurd BE{LHO{ i\t:&i :F,gliu det ailed
descri ption of the well head 10¥ ovvn s?n %ures a angI %&%’Eoef? S

deened sufficient forPRRFPBQFthR wehiheadofg Figires dar ardidb iﬂd%tt%‘-imsla head
10, wherein use may bsectadecirshance ufm‘seocEanfméDféSiEtirﬂ: ﬁt@Edlsi:@-ﬁfetgﬂ seal

metal -to-netal seals 8%@%; hMehed, | d e I nventi on,
that there be presenté erein %’ere &%Sﬁéee%g e% etcllif'f) 6?? ‘of the
nature of the consty uREBSCBEPHION GMA PREFERRED m of the conponents of
the wellhead 10. For a nore @giéirifg nd@SEd ikhé idRawitly,! && Héﬂj%?rahe 13 head

construction and/or t de o tion of thecrrpnets

10, which are not desg‘?l Wqﬁeiilaﬁg ﬁ ghsrert, r@Fé‘?gﬁ %FH'EFGO &hereintd t he
t eachi ngs of wel | headse]ieuamepbmm ofh at wellhead)y gendrally Gesiygnated synmari ze
Figures la and I'b, whgl , | e {8 | cal
setting of a 30 well hea \/\/ﬁ%g%gl? caf;lH ggéén}ggg ?d?ﬁtqg g“???%%hﬁ?
metal - to-metal sed) E#Q“Fﬁ% 13r ando Ab, ithees @re rkwoingtances: héruseei!ertbﬁce to
Figures la and I b of Hmhésdawor&: atf&ewédibea& heeAStélabat adat herein

I ncl,udes a casi ng spool b|n head 14 and a tubing bonnet 16. 35
Mor eover, as regards THE ‘1"5 gﬂ‘s °rTgtY phEh | ?tHSFs?f&s?%‘f‘Fnﬁﬂa% end
flange seen at 18 i n Fiagmuch b, thenoaturk cofijithel dionstructionl and ltheanodé @i t abl e

di mensi ons, which is é&rQ@i&O%?ggﬁ?éé?Eaﬁ&d ér&r%%ﬁ_%wﬁguﬁ)éa&%esﬁﬁ ence

nuneral 20. For a purﬁ‘ose fo erence W Tl again rernarter,
the casing spool Shedtke it ds Inokdremed necpesarys iherefierep tohpet art 5

enbodi es in the upperforitd Hdrahgea a&:atihed %é%cﬂd%@érdn@% @ﬁ'héad dengicid
general 1y by, the el CLEARMTH dhath, 'BRRE e MG KA R 7
purposes of obtaining an understanding of a wellhead 10,
wherein use may be made therein of one or more fire resistant
20 metal-to-metal seals constructed in accordance with the
present invention, that there be presented herein merely a
generalized description of the nature of the construction and
the mode of operation of the components of the wellhead 10.
__ For a more detailed description of the nature of the
r 25 construction and/or the mode of operation of the components of
the wellhead 10, which are not described herein in depth,
reference may be had to the teachings of wellheads to be found
in the prior art. Thus, to sumarize Figures la and 1b, when
taken together, are intended to depict a typical setting of a
30 wellhead in which use can be made of the fire resistant metal-
to-metal seal of the present invention.
With further reference to Figures la and 1b of the
drawing, the wellhead 10 as depicted therein includes a
casing spool 12, a tubing head 14 and a tubing bonnet 16.
35 Moreover, as regards the casing spool 12, the latter has an
upper end flange seen at 18 in Figure 1lb, and a longitudinal



only incidentally related to the subject matter of the present invention,
It Is .ot dened necessary to describe herein in 10 any nore detail the

t he construction thereof iRather it is deenmed sufficient to .
mer ef\@ ke note of the fact that é% he name applied thereto i mplies, the;

ggggglr a}'“;fj&wbﬁ *bu&@&l%iniéﬁsfdﬁ@@' wﬂi%hicfst itatwéeaﬂ; e ééeat cooperatively
0Ses 0 an ion a

descri pti ot ﬁet%g%%gﬁg%pgﬁfeo foce PH&?@E %d % 8 surface of the

upper end thizhgeefeendecwillf again bemdieheminatﬁey.ebmemm tapered groove 24

of conven! Ly f%sé idfihd: el TLIABIE o' &@&%@g@ﬂ 4R eV i onal 20

practice t gasket, seen_at 26 esigned to be
recei ved ﬁ@éé%ﬂliﬁg%mrt fnd, fdaage Ilﬁt"lhﬁﬁe‘%ﬁ‘ at’l‘f@-dr@%“n’ge%ad 14, the
latter is aérwtedeyinaﬁal\lyewedhmﬁeltemfcermeax Q2Fi guagsuchaagind | b of the

dr awi ng, th e latter flanges
bei ng desy\gx?%f‘ gé'gﬁ h% %y%%ﬁgslﬁg’gsg&gwéﬁrﬁmral s 28 and
30, respeconlpelipcidentaldyi telomdé;p the: subject matiher off thehpresdnktng head 14

embodi es au%z#htf&i,v 9'1@9{9& ee&nhd ea&skagy Q@'dé&@ffbedﬁé’f&iﬁdirpy the reference

numer al e sur ace '%630 has fornmed therein a
ci rcum‘Jé)r efRY BOYS dé??@n&h?ld‘*‘éﬁ?ef’ rsm%r‘s% P K8t i onal construction.
The taper edaiieepVvit 3¢ deeméDishffivienblty heredy arakantbteuss ahéy di nensioned in

the | ower gn n t 0 lignable with
and in terg‘gdc E‘% ? %r %‘I‘e %11'&8 g‘%ﬁ% Mog h%%p%%\#gurgl y 35 descrlbﬁd
t aper ed groﬁ\bbemmmm Bllé-sum)@ff&mafh@-ﬁg@%"f)fanpﬁ@rcas| ng spool 12

|5 sui tabl ferlep WitACypiANeHd BhetilielodCl? 1s- ditenddbiabeioad 14 is assenb ed
to the casing sgool 12 in the_manner d %&cted i n thee%é&gneng the ring

gasket Y5 FRORGERHIvElyaseaeiatad, ndo for, PurEoses by the tapered
gr ooves 241mﬁén84hgipmt¢aﬂ10mra Bascrdptiidn efighe ddkiagdspdbl l2gspectively. 5
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thereof a ci.rcunferentially extending tapered groove 24 of
conventional construction in which in accord with conventional
20 practice the ring gaskef, seen at 26 in Figure 1lb, is designed
to be received.
Proceeding now with a description of the tubing head
14, the latter is provided as viewed with reference to Figures
la and 1b of the drawing, with both an upper and a lower end
25 flange, the latter flanges being designated in the drawing by R
means of the reference numerals 28 and 30, respectively. In
addition, at the center thereof the tubing head 14 embodies a
suitably dimensioned longitudinal bore denoted by the
reference numeral 32. The surface of the lower end flange 30
30 has formed therein a ciréunferentially extending tapered
groove 34 of conventional construction. The tapered groove 34
is both suitably located and suitably dimensioned in the lower
end flange 30 of the tubing head 14 so as to be alignable with
and in terms of configuration complementary to the previously
35 described tapered groove 24 with which the upper end flange 18
of the casing spool 12 is suitably provided such that when the



reépectively, t hereof, the tubing head 14 in a conventional manner is

suitably provided with nmeans, denoted generally in the drawing by the
rekerence nuneral 36. The means 36 is 10 opeLpj] ve for purposes of w@

ef fecting ‘an i nterengagenent between the tubing head 14 and anot her
42 Wrth which the tubi ng head 14 is designed to be cooperatively '
associ ated. Mire Specthsh@ahéad 14 nisA assemblbed Whi tHe tasingl spdsbol ik cchiehose

skilled in this art §L' [$20NGC ogﬁ%n% &ﬁiﬁéﬁe\ﬁ." 5&1 1&?\_&[135

af oresai d anot her s acconp e en
teeth-1ike el ements, m@#edti%@%mem hhaﬂqésmrsa#eﬁgbymhtmr% gre@veseans

36 and the_ af oresai dzana{dﬁga FORREE lin‘he éﬁismsﬁge\seie/ and 30 , CPdpedtiivedP] ¥
provi ded. Thus, it_is to be und rstoodiéh 3{ éhe gepggoz‘] 395&? ?&gﬂi‘ﬁﬁ‘g

det achably 20 | ock5the t ubi rigPPkLBEng /vith(the,desqr, % r 42
one to anot her. | nasméghimermedddatestthe capper tdnd boestendc flages 28t aed 38ans 36
as well as the node 0 I 'l ed
in this art coupled %Lfﬁ&[%%@%n?ﬁ%}ﬁéf £ é&bg\ﬁshg%é(ﬁgv%n yct%nﬁgx? gﬁ%%J |y
related to the subj edmenner Agtgudkably Pﬁé’iﬁﬂe ik meanenderpted geperailyhin

di scussion herein of yhBearaRdmf byOcHeSréRERsE henétalumecmsﬁéabstgsai@

under st andi ng of e nventi on g_f oses of.

i nstant applicati 5}& tq%Er%tS'é'Erﬁoﬁt?‘fﬁPoﬁ?s P%O%SH{S ?féd’&t Z ﬁ%‘eﬁf)ﬁ’gﬁ:

flange 28 30 thereof thekiubtiig hepdecld emil ahothegema®eni42 hﬂ:lnuhiaigtbq)cwblrm is
sui tably provided w old e‘g%g hemgfleaW Ng by
t he “~€f erence nuner althgﬂ 4 1§M '#Ean&? (?g ﬂaetg'ggﬁ Qhé.déﬁ{?eeém i cal both in
terns of constructi orﬁpaﬁ%ﬂicﬁl]tYerﬁ% aohanfigy ewich ol wall-kRown, te Hdoge | skidled,
nmeans 22, which 35 han @eNafes ehé H.ﬁdeif&hﬂédtiaﬁ%ﬁ e ngans 36 ivithothedeened

forth herein a dedSr i ereaa anpEaee nitber: 42 A ATDREL el frkblh ne 17,
that the hol d-down nmgagetlentsafdeeét@nktket eléarentpcseen At 18 apd f49cin Zhe
re v, ana iy B VEAT RO Nouhl 8 et AR BT b 2 o
ref erence nuner al ember 42, respect vely, are each suitably provided.” Thus, it
is to be understood that the means 36 functions to detachably
20 1lock the tubing head 14 and the aforesaid another member 42
one to another. Inasmuch as the nature of the construction of
the means 36 as well as the mode of operation thereof are well-
known to those skilled in this art coupled with the fact that
the means 36 is only incidentally related to the subject
s 25 matter of the present invention, any further discussion herein
of the means 36 is deemed to be unnecessary to an
understanding of the present invention.
Completing for purposes of the instant application
the description of the tubing head 14, the upper end flange 28
30 thereof like the upper end flange 18 of the casing spool 12 is
' suitably provided with hold-down means, denoted generally in
‘the drawing by the reference numeral 44. Since the hold-down
means 44 is identical both in terms of construction and in
terms of mode of operation to the hold-down means 22, which
35 has been described herein previously, it is not deemed
necessary to reiterate this discussion for purposes of setting




46. To this end, in order to acconplish the aforereferenced hol d- down
action the annul ar packoff assenbly 46 is suitably provided at 47 with a

shoul de t the hol d-down neans 44 is designed to engage. Like the |ower .
-end fl O of the 10 tubing head 14, the surface of the upper end

-fl ange t he tubi ng head 14 al so has suitably forned therein a

circu ntially extendi ng taperedigeoove 48 of conventi onal constructlon

The ring gasket 50 in accord with conventional practice is designed to be
received in the tapered groove 48. 15 For purposes of securing the tubing
head 14 to farghcherehny asgesdripiont hértheitmlmrmédnp 44.i | suffdcé asceni ng

means in th&i:grggyo{h&ogp{@%lmwaﬁgqﬁd Seo e latter being seen
at 52 in the drawmn grnl ng now_t o a_consi ra |on D the tubi ng bonnet

20 16, thePReLptive WePE tbgcanudar-ipgekaft] a of the drawing,
i s provi dedasshiblyg mrxemﬂoﬁd aﬁQQghbéltlahéﬁ théQﬂ-ahﬁﬁj"fahé 'vﬁ(icﬁ herein

t hrough &h S f n SU|tabI nmensi oned

| ongi tudlgngrfalébg?eg‘ eno Eg&:ﬁ&ﬁ%l:ﬁgn @8??& eb% e‘r‘i‘f‘é’y%ﬁiface of the

| oner end f4Gang®e 2bis endefint pederutd agetmplish the, aﬁonetéﬁeremﬁ manner as the

upper and |p8tdcRdaddionage Auaas mffeaes‘&bl eizsyﬁs #&ﬁ t ubi ng head 14
as

Gl r cunt er GIRFCHTAH gk LAty ot hotder gﬁ%&eeﬁw? e A gg oo A
In terns ofdeségresd oo emgage’l0 Likenthelowds endtﬂenqgaper@ﬂtaéoove 58 is
ppor e 1iubind Bak Ol P Buale t#eéﬁ%@ B el 8 . "hen ( hewr
t ubi ng bonridPing head 1l4hé1ﬁ%5?$1g§u a2} y1fommed rtherein @l ati onship one to
anot her thaiirbﬁnﬁéeen@ita@ﬂy Ie&t&mugetalpazéﬁ gBSovie§8 Yerlbrlnt idag1 "1 N gasket 50
Is held captiv e creat t he .t apered grooves 48 and 58.
Ebr pur pose®™ 8&““”’1‘5 &gee gah@amdt EPERELORA and t he tubi ng
bonnet 16, gractinei hg dmsigredi tbtbleeréaeﬂ.md)ﬁ.ntt’dreeaahulied aga:bevera;dte ?et IoatS te ter
Forth a desr ??Fg%ﬁgngfgifﬁ‘g 8hf B ha 14°EP bl Lhatrd' ©
preferably utilized fascening means in the
form of conventional threaded fasteners, the latter being seen
at 52 in the drawing. :
Turning now to a consideration of the tubing bonnet
20 16, the latter, as viewed with reference to Figure la of the
drawing, is provided with a lower end flange that has been
identified therein through the use of the reference numeral .
54, and a suitably dimensioned longitudinal bore denoted by [
the reference numeral 56. The surface of the lower end flange
25 54 of the tubing bonnet 16, in the same manner as the upper
and lower end flanges 28 and 30, respectively, of the tubing
head 14 and the upper end flange 18 of the casing spool 12 has
formed therein a circumferentially extending tapered groove 58
of conventional construction. 1In terms of location and
30 configuration the tapered groove 58 is alignable with and
camplementary to the tapered groove 48 with which the upper
end flange 28 of the tubing head 14 is provided such that when
the tubing bonnet 16 and the tubing head 14 bear the
relationship one to another that is depicted in Figure la of
35 the drawing, the ring gasket 50 is held captive in the opening
created by the tapered grooves 48 and 58. For purposes of



5 fhe fire resistant nmetal -to-netal sealing neans to which the present

invention is directed, reference will be had particularly to Fi gures 2 and

3 of the drawing. Focusing attention first on Figure 3 of the drawi NGx

there is depicted therein one instance wherein the fire resistant
metdt-to-metal 10 seali ng means of the present invention has been uti |IZ@
in the wellhead 10 for purposes of acconpli shilhg a fire resistant

netal -to-netal seal and in particular in this |nstance bet ween t he tubing
head 14 and anot her nenber, the latt o} raII |n Fi e 3
by means of the refer SRUEINGE ﬂ?ﬁ%‘?ﬁl&&g&lﬁg e@ﬁ’é e‘l""]? tg%
ref erence nuneral 64 fastening meqﬂsojlm(théot‘orpmﬁmhaaded mhelerﬁg @enbata‘-lety,

in connection with thg, sj?'gn%éée% lrgoo{n t!"i?urlit ﬁ.é'CtaEéeprbﬁefdbg?r&\P'f oyeaat

follows, the fire resi seal 1 ng neans I's_depi cted

therein. Also, for purposes &p Q‘ﬁ‘PE by setyifoEth & deecEirticg herednattpe afenber
62, which can be sesentﬁé)fﬁ@@dylstahum&ﬂ-mﬁagwauwmesmltb wdchateed to

be a casing hanger. Continui Scri t|o e, [esi st ant

netal -to-netal sealinBF mﬁsmgﬁnv‘w' g? ngroegc% iegﬁ 66 Wi th
which in a nmanner yetpantibelagtdygdo Bh_mrean @aélhgfrﬁleg@avﬁ@nsf‘muﬁh‘med and
the inner surface of Lgfenki’&%‘if% Bﬁ"rieﬁff 333f%etcik%wwl BRedacdgl gbfjavaach

the seal 66 is designed to eng under'stood with
reference to Figure 3thereim é’“&rgﬁtﬁ@c% wee%eéalﬂm i:"c?n§?§jts§a'6‘? mepaltoMetat ar
band, which is foripedsédling meansidfntlid eresemt ninvieatipar hds been tiktl izefiein

T e ol =B S oA Sof ke QL TLBNGHCE el 051608

viewed with refer encemetalFttg-tmenaJB seah@ndoin Pmcalﬁﬁﬂiartm%%ﬁwm%ﬁeég 35
di nensions that are pﬁ ﬂeadvﬁﬁearﬂp&_ﬁ‘dthéﬁfidénuer e Natedt beingt he

annul ar band 66, whic pur poses hi s I S deflned
to be the distance to mteﬁ ﬁ@r%ﬂuf’hri'&% 3dy BF?!}%BES#’F edfér
direction from t helpuhaieralir§ACcFodf eddec of awifetercandte féfezente hamamamm of

the annular will be employed for purposes of denoting generally, in
connection with the discussion of the structure in Figure 3
that follows, the fire resistant metal-to-metal sealing means
that is depicted therein. Also, for purposes of this
20 - discussion of Figure 3, the member 62, which can be seen to
embody a tubular configuration, shall be deemed to be a casing
hanger. :
Continuing with a description of the fire resistant
metal-to-metal sealing means 64, the latter includes the seal
25 66 with which in a manner yet to be described the casing
hanger 62 is provided and the inner surface of the
longitudinal bore 32 of the tubing head 14 which the seal 66
is designed to engage. As will be best understood with
reference to Figure 3 of the drawing the seal 66 consists of
30 an annular band, which is formed integral with the casing
hanger 62 on the outer surface thereof and so as to extend
-around the circumference of the casing hanger 62 in juxtaposed
relation to the free end, i.e., the upper end as viewed with
reference to Figure 3, thereof. The annular band 66 embodies
'~ 35 dimensions that are preselected. More specifically, the
height of the annular band 66, which for purposes of this



band 66, which for purposes of this discussion is defined to 5 be the
whi ch the annul ar band 66 extends |ongitudinally along the
ce of the casing hanger 62 fromthe free end thereof,
ed. That is, the height and w dth di mensi ons which the annul ar -
odies are preselected. Moreover, for purposes of establishing
the 10 height and the width of the alrul ar band 66 the follow ng two
gi ven prinary consideration nanely, the beqring stress and
that en _the annu band 66_and the inner
Fh‘i@{* SEHY %‘K\Br‘ﬂ&m ?%r"l"i%rtﬁeta&“%a”est abl i shed a
fire resist band ﬁﬁtpﬂcaect-s 15 aleowwaséaiirbeumef.rdmme:aatélg hanger 62 and the

silfFacE’ & é‘tllaﬁi.né Igg?égy gﬁl'lt?rﬂn&e%é& g¢ A Séd@lgg?zof t he annul ar

di stance to

outer s a
pr edet n
band 6

factors are
t he seal abi
surface of

t ubi ng head
band 66 are
rel ati onshi
have to 22
be descri be
66 with the

not ed that

the referen
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t he wel | hea
bore 32 inc
In order to

that is to
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bot h an axi

20
25
30

35

ex resse In rat rposes of Un

ar e

andi ng the

86 whdch fogrpurpases Pht thigi disqyssion i defimedntrul ar band 66
bé haef @istance @b hﬁanlm Shr28F HRd é5cekadpgki ty, there needs to

IR E AR e Syekh bR oF U BAEIDS gt 0 T ioa, 7o

this end, r&tam rthengfrparendcth&tebﬁp tage Fivgdeterfindd.t Hhattrdsyi Bl it is to be

h&&jheSadd waewdhﬁlﬂsi&% %nﬁ& EH&'aHH@Parabidd' 86 aeaa

ce nuneral 68 IS _IN form of taper

n,

denot ed by
a second

ﬁ%ﬁé?%?}eﬁﬁhem‘?%?‘eh@%' rPHF@?%F %esmléﬁhtrg §%st antially
pl anar, 10 eheightt &l the wHidtnoifi the mﬂl’aalﬁaha 66 méefﬁmntguebmal axi s of

T, | di naw’
e LA 5l B iy el 085l 25 by 00 00
Sh\@%nﬂj‘d) &he t*élihiéé@érbbnt myst texésarheumn bhe@ntglagf t he casing
hanger 62 Woirh 65carkaopse tmﬁwah:t&s%@%&ﬁ&@&&%ﬂ%#@%@ i in the manner

be fo e draw ng,

t he annul ar

5111 t
praes %Fpég?’éel GPL{??BF"%%&& Ftérén’beﬁéhm mefalnt9he i nner
-17- surIsaceetsl séml bengenudteneasihgrmaraa:m hisl vhé tubiley @eadg novenent of

24, 2BPeforbBfll And Hetiditt AP Width dimensions of the

annular band 66 are expressed in ratio form.

For purposes of understanding the relationship that
the height and width dimensions of the annular band 66 have to
the factors of bearing stress and sealability, there needs to
be described herein the manner in which the engagement of the
annular band 66 with the immer surface of the longitudinal
bore 32 is accomplished. To this eﬁd, referring particularly
to Figure 3 of the drawing, it is to be noted that the
longitudinal bore 32 includes a first portion, denoted by the
reference numeral 68, which is in the form of a taper, and a
second portiqn, designated by the reference numeral 70, which
is substantially planar, i.e., extends substantially parallel
to the longitudinal axis of the welihead 10. That is to say,
the inner surface of the longitudinal bore 32 includes a
preload taper portion 68 and a straight bore portion 70.

In order to a¢complish the engagement of the annular
band 66 of the casing hanger 62 with the longitudinal bore 32
of the tubing head 14 in the manner that is to be found
illustrated in Figure 3 of the drawing, the annular band 66
must be capable of maintaining its engagement with the inner



specifically, in accord wth the manner in which a casing hanger, such as

t he hanger 62, is designed to be inserted into 5 the bore of a mating
mewber, such as the |ongitudinal bore 32 of the tubing head 14, the a

band 66 in the course of the casing hanger 62 being so inserted intot

t ub™ig head 14 is made to engage the preload taper portion 68 of the

| ongi tudi nal bore 32. That is, the effect of =%fving the 10 annul ar band 66
t hrough the preload taper portion 68, which is suitably fornmed for this

purpose in the longitudinal hore 32 qof ihe. tubi head 14, is to,acconplish
a prel oading of the &YRGRCH °gaﬂ’& g‘%“.g" §7,b°§§r§3n§hglr‘l”nﬁ‘l’%l"“%%5981% i s made
to nove axially througkehént pf dothcn apial arsd @i xadiéB natbee.f rMerel5 end of

t he casi ng hanger 62 1§ 2Nddoy b ndnfl ;

under goes novenent of "a ir'agl amn%ft’i‘ure.“? ?&Pg\%écausgr g?%iféé ér)%glgjé@
novement to whi ch the'@B8ekd §kchhaRdthschanges 63 4% Sesigned % be| inseekeddntres
prel oaded. Thus, tg tdMe Kodecof d fatinghmenben ) sach isnthd Gofdid@iral worensz dl y

of the 20 outer surf of_the casi hang . e. reater the
hei ght di mensi on of G g ol gs?ﬁddrigswhé{“ﬁg%bfﬁ‘g SRS
prel oaded as it is nethe casingzhapger 62hbeipgesadasertpdrintortheohutsisg eadt Her,
the greater the exteniy hQsdMahCdhgbhe &arﬁﬂgféém@ﬁzﬁﬂeﬁﬁpfﬁoﬁréﬂ gaagM the

greater will be the bearing 25 stress t be”i_ nparted between the
annul ar band 66 and tiqeat al; brrg 32. of™aReld obRR LEERSTPE BV B 5N%hen t he
casing hanger 62 aond irhalat band 66ctitobgh ahe preload eapst portibhusd,r etiioh Lo

Fi gi+€¢ 3 of the draw [ ' tp e er. ' | gggled,i n
t he aforesai d nanner Q"ﬁ‘ﬁgﬂggtfgﬁ%ﬂl gorr %gg%,oouglsse Qtat&gée(}%%ﬂggn P ER ;33
movenent in an axi al eff thettubing head 14j risaho Aorempl igh ra-preloading ofcthed with

reference to Figure %hé@%aﬁd %\gi_nq;aigpﬂ hgaghegm%m},@tdsngs image tHoaver se

LA TN A T TN U

Wth the annul ar H&nderd6op cchiet¢caming hangerh &2 sandacoicombtantly dherewitiCthef t he

-18- I ongitudinal bor g 37, 1ifs FelGiRirhSed ot dent [de2h FHa1 RO MBture. 1t is

' because of this radial movement to which the annular band 66
is subjected that the latter becames preloaded. Thus, to the
extent that the annular band 66 projects outwardly of the

20 outer surface of the casing hanger 62, i.e., the greater the
height dimension of the annular band 66, the more the latter
will be preloaded as it is made to traverse the preload taper
portion 68. Further, the greater the extent to which the
annular band 66 is preloaded, the greater will be the bearing

25 stress that will be imparted between the annular band 66 and
the inner surface of the longitudinal bore 32 when the casing
hanger 62 and the tubing head 14 are positioned as illustrated
in Pigure 3 of the drawing relative to each other.

After being preloaded in the aforesaid manner, the

30 annular band 66 is caused to continue its movement in an axial
direction, i.e., in an upward direction as viewed with
reference to Figure 3 of the drawing such that upon completing
the traverse of the preload taper portion 68 of the
longitudinal bore 32, the annular band 66 enters the straight

35 bore portion 70 of the longitudinal bore 32. With the annular
band 66 positioned in the straight bore portion 70 of the




portion 70 function to retain the annular band 66 through their

i nt er engag nt therewwth in a prel oaded condition. Hence, the bear | ng
stress, v is required to exist between 5 the casing hanger 62 and the .
t ubi ng. he 4, is maintained. Froman axial standpoint, the exact |ocatien

whereat the annul ar band 66 engages the sidewalls of the straight bore %
portion 70 will vary as a function afijgthe extent to which the casing hanger
62 nust be noved in an axial direction relative 10 to the tubing head 14
in order that the proper relationship will exist between the casing hanger
62 and the tldvigmgﬂiaalibbte g cthes sidewal b aft theosttdight \Woee eat t he annul ar

band 66 w II tﬂﬁcﬁi \QQIJ Pﬁi thg %l g?%de%gr&rggélil on 70 of the

Iongltudlnal ore 'S unknown a re rs need to
ensure that tthsérvmgnermaﬁemtoquﬁwt%iarmmeloaésm@oa@imgnof adequat e size

L ha& ng fi mmbe?%@m:w fsReesd) Midaewrremﬁeddédﬂe&lf:éwb&%gnt pet ﬁnnul ar
an i e to e ed,in Figure 3 o e

dr awi ng, 3hreniﬁ %Ftt%ﬁ%%?%?‘s%} i Phmatntaingd,e | ongi t udi nal
20 bore 32. Mxeah_(auial ctaipdéntyt ithe exbct Hecarienewtiergatiitheussi on, it shoul d
now, therefofle e t e n the hei ght

di mensi on oféﬂ%e ar?%ﬁ#)%rs %gnaggg the %tyehﬁl%gggﬁﬁgxé%%& E’%e exi sts between
the casing Heargden 9 wHd YaY e ﬁgnq’réae %%beﬂt\/\é%rwhﬂ-ﬁ}é thedth 25

di mensi on ofc dsifg AaRgers2baid 166 movel tihcars artdIngirpadh |re1é‘tiQE t he annul ar

band 66 h ht b 70 of th
Igggi tudir gﬁ% @EE egéaéjﬁ:ﬁaiq 85@%2{}?%3%%3 ()l zfgr F’#pglnrrens?ons gv
t he annul ar wﬂ.ﬂdeﬂ&t mmwas@aMMGﬂfarﬂh&leltm Bex¥ the fire
resistant el -fdieud0 R lack RlchBlon Hidkel tne éﬁxﬁ&?%%h&céeed such as to

ensure that t re re5|s;ant nmet al -t o- net al nmeans 64 enbodies to

the requisi t'¥ldeepasgethe sidevakls er%'?ss%gg‘é%%lmﬁkp"cﬁ%&fct eristics
that must exgret 1éryitodinal tisorens2irie mbwfﬂae R alitded, nt&ie@é feal . which is

g:tts?lrollgl ?\gﬁgeé hrogcggn%%r% Eé @_gg eﬁ%hgs?agr] l %lrm ﬁxe %%f?#on ’70t gfe t he
-19- is of adequate size that sufficient sealing surface will be
provided thereby when the annular band 66 is made to engage,
in the manner depicted in Figure 3 of the drawing, the
sidewalls of the straight bore portion 70 of the longitudinal
20 bore 32. Based on a consideration of the preceding
discussion, it should now, therefore, be apparent that a
correlation exists between the height dimension of the annular _
band 66 and the bearing stress that exists between the casing -~
hanger 62 and the tubing head 14 and between the width
25 dimension of the annular band 66 and the sealing capability of
the annular band 66 relative to the sidewalls of the straight
‘bore portion 70 of the longitudinal bore 32. For this reason,
the height and width dimensions of the annular band 66, which
constitutes one of the elements of the fire resistant metal-to-
30 metal sealing means 64, are preselected such as to ensure that
the fire resistant metal-to-metal sealing means 64 embodies
to the requisite degree the bearing stress and sealability
characteristics that must exist in order to ensure that the
metal-to-metal seal, which is established through the
35 engagement of the annular band 66, i.e., the casing hanger 62,
with the sidewalls of the straight bore portion 70 of the




| ongi tudi nal bore 32, i.e., the tubing head 14, is fire resistant. By way
of a sunmation of the preceding discussion regarding the fire resistan
metal -to-nmetal sealing means 64 5 of the present invention, construetfﬁ%@?
accordance with the illustration thereof in Figure 3 of the draw ng, N_c&n
t hus~be seen that in effecting a seal between the casing hanger 62 and the
tubi ng head 14, the annular band 66 is first -<d@bjected to radi al novenent
in order to acconplish the preloading 10 thereof. Thereafter, the annul ar
band 66 is subjected to axial novenent while the casing _hanger 62 is

under goi ng axi al novelnngitpdinghdore 32el o cEhea brbing hapdt M 38 oée

posi tioning thereof rglakia.to the tubing head 14. Having satisfied these
requi renents as regards novegent of _a radi g an n 15 axial ;nature.  the
seal that is effected by vi rgﬁe"agfm?ﬁeswg Mﬁt%“%@émaf‘%ﬁ“ﬁé‘?{b 66
with the sidewal | s of redaediriy thelfirédmesishantimetal<toohetaicsealiny meanhHd bore

32 10 order 10 be G0NSt ARL Gtebldt® 1P IR boithodles o WRGBNED GricARR | | 1Y
of being able to maintain its sealability while 2€.el W?-‘lﬁgj cted to0 the
el evat ed tenper at ur esilNgEEatign Fheperfn 1R Figpes 3 ¢ Fi‘ﬂ% E S EiSe of

a well head fire. The pd fseen ,thatsinf effeatirxral adull bétwees thencaming hangér BRese

el evated tenperatures_o | d q:aﬁg 2N g t

i s. cooperatively assoﬁ?ﬁf‘égett"hg%e@mgﬁ:%’?é %{)é %gﬂ%épan ?%)g&?)t;%glggr?ugfe&ga

contraction of the expvsedialamevdement gin orderctoraspenpl ish thetpredoadiggr d,

”Dvﬁwmént, i.e., ex “Eﬂé}?oendm&@gfeéé,geﬁh a'thﬂam Bandake f{graﬁjbe&d go Of

pri y concern. venent I1n ara rection.generally poses no

signi fi cant problem i B9y eqen I’fbg&)é#'?l‘iafi?ﬂ hg?geéxggrféi %ﬁfeﬁc’{‘lﬁea’f% 30

menbers, i.e., the camiwementrigethebZomrse ofiestalliislyirgethie pdoperapogitioning

presel ected such that I | ; NYse s i radi al
tﬁ&%g%ﬁat‘!ﬁ)&yg ib! Ei Heg1 2 Vadlihd RaBiie1ah

novenment between the casin anger e"tu I;& a
i nsuf ficient to over cthaset frROuipenenys Af sedards novepent pf A srdiplodhABssed
seal member, i.e., 19 hge{3 R&RIEANRTsd] YHELC s idFEectraUby i ibEidofGhaas been

subjected as described brexl QUIEYenaChéitar Bind He 2L tnd ¥dewalts' di0ehd'®
' straight bore portion 70 of the longitudinal bore 32 in order
to be considered fire resistant must also embody the
capability of being able to maintain its sealability while
20 being subjected to the elevated temperatures, which are known
to prevail during the occurrence of a wellhead fire. The
effect, insofar as sealability is concerned, of these elevated
- | ' temperatures on the tubing head 14 and the casing hanger 62
that is cooperatively associated therewith is to cause an
25 expansion or contraction of the exposed material of these
members. In this regard, movement, i.e., expansion and
contraction, in an axial direction is of primary concern.
Movement in a radial direction generally poses no significant
problem inasmuch as the coefficient of expansion of the two
30 members, i.e., the casing hanger 62 and the tubing head 14,
can be preselected such that they are very similar whereby any
differential radial movement between the casing hanger 62 and
the tubing head 14 is insufficient to overcome the springing
action of the radially compressed seal member, i.e., the
35 preloading to which the annular band 66 has been subjected as
described previously herein. On the other hand, during the



-20- .- course of noving axially within the straight bore portion 70 .of the
| ongi tudi nal bore 32 of the tubing head 14, the annul ar band 66 nust |
maintain its sealability with the sidewalls of the straight bore portion 70
/ i ng hanger 62 and 5 tubing head 14 expand and/or contract in
to their being subjected to el evated tenperatures occasi oned byﬁf
rrence of a wellhead fire._jgn accord with the teachings of the
present invention, it has been deternined that through the proper selection
of dimensions for the height and wdth of 10 the-annular band 66 it is
possi bl e t eoexHeadt movirey Ekiailyedithﬁ.m%emﬁraﬁgﬁt)boﬁ gbrisieal 7det ween t he

casi NG hangere G2 Garleliel U0 B8 ko el Oy d Pind Wl St an

nmet al -t o- ne nmeans cons in accd ance With the

i |l ustrati band |66 must mariln#aywiésssealahiﬂétmdm Hpe aiflewalls of  Referring
next to Fi ﬂh@%t?a httﬁ&edﬁé%iaﬂ 70tQ§r&e|§a§ﬁ§)I[ﬁh§& kheg@ n anot her instance

wherein the fire s seal i ng nean f the present

i nventi oh ﬁ‘é%inﬂe iaﬁg%‘?’?e%%%?%‘ééﬁ 595PPETe SOr06LEs of

acconpl i shbe@msﬁbjeeteda&nsé%teﬂatahpﬁratuﬂsabcqaswnedam tha particular in
this 20 ingtane n dttﬁg jn§g3nber t he

| atter haV| ng preV| ou %een zﬂr%?e hgérg&r%be%r Qé%% ef erence nuner al
42. For ea®f e Pegseptnbwention, ity bag been dgkamin e‘?ﬁ%l#‘“ﬁ@‘bnpl oyed for
pur poses othd@zeﬁmgegat&mldﬂ/dm&smmmt ithe nelight fahe widek wEsi on of the

eal | ngldheShe opfiafer B 85 (€ 4s Rep ity eh @bt e R0 7 H O
di scussi onres$istant metal-+tihemehalibsgalibetwabn dheccasing hapger 63 adbody a tubul ar
confi gurat il:ﬁ&tuﬁﬂi& he&® lqe@EﬁinrQ @ﬁ‘e %ﬂ-é’ ek Pt aRE R A1 - 3lmetal

Continuing wth description o fire resistant netal -to-netal sealing
means 72, ?ﬂ%lilnﬁt’?‘?%nsl%f:a@%?“ﬁ%’ %%a’rcc?@a&f’?l'?’i\khlg’ﬁ in a manner yet to be
descri bed ﬁhﬂ&eaﬁmntﬁaﬁgﬂiﬂﬁiglﬁem ofi cheddeangbe i nner surface of the

nggglgtng tngl engge l@@igirﬁkﬁ? ’{')tg@% 2@%#@%%%% %r 2n025t Z4F: Zur e 2
of the dr adewg:teg Hehesein amt!@gnms;aace)wherein the fire resistant

metal-to-metal sealing means of the present invention has been
utilized in the wellhead 10 for purposes of accomplishing a
fire resistant metal-to-metal seal, and in particular in this

20 instance between the tubing bonnet 16 and another member, the
latter having previously been denoted hereinbefore by the
reference numeral 42. For ease of reference, the reference
numeral 72 will be employed for purposes of denoting : ~At
generally, in connection with the discussion of the structure

25 in Pigure 2 that follows, the fire resistant metal-to-metal
sealing means that is depicted therein. Also, for purposes of
this discussion of Figure 2 the member 42, which can be seen
to embody a tubular configuration, shall be deemed to be a
tension hanger. '

30 Continuing with a description of the fire resistant
metal-to-metal sealing means 72, the latter includes the seal
74 with which in a2 manner yet to be described the tension
hanger 42 is provided and the inner surface of the
longitudinal bore 56 of the tubing bonnet 16 which the seal

35 74 is designed to engage. As will be best understood with
reference to Figure 2 of the drawing, the seal 74 consists of




-21- an annul ar band, which is forned integral with the tension hanger 42
on the outer surface thereof and so as to extend around the circunfer

of .tensi on hanger 42 in juxtaposed relation to the free end, i.e., thgﬁggg
upper end, as viewed with 5 reference to Figure 2 thereof. The annul a® nd
74 ‘eabodi es di nensions that are presel ected. Mre specifically, the hei'ght
and width of the annular band 74 for purposesypf the follow ng di scussion
are considered to be defined in the sane fashion as the height and w dth of
t he annul ar band 66 have 10 been defined previously herein in connection
with the description aafadnitad bard; ehicH a8t fomedinteyraktwithserl tegsibrans 64

depicted in Figure 3,_Moreoyer, | S i | b h

previ ously herein COHEEQ% % Th%ﬁepgr'g%ﬁ %ﬁ%%%wn\g?%(ﬁpg%?%sg%gpm%ﬁn? he

hei ght and wi dth of taeurdntie sAr¢mfdraseok| tgssioneha_rue: 2 imfjusbanosed
Factors of bearng, st Laaol g Ehe f2ed ery Ele.y MEPIOEE Nl e SEaRIcmiae

di mensi ons of the ank8ferensa i@ ?&“rﬁsz é"i]%'r'FJ}lt %ngfeé’ﬁﬁ‘g 7\3/'055?‘3“5
necessary to reit eraidimériionslithat sgieopreisabearitad. aMoté@sperifiicaklyhatted 74 of 20
t he tension hanger 42_i5..C her Ll W Gl o]
nerely take note of ?‘ﬁ%a}tag‘?fsggﬁptoﬁﬁeo%‘?%iﬂrﬁdﬁ?yéu%{*%h?%ﬂ%i ng
bonnet 16 includes a following dispussignrareoronsddered to derdefined Hpr thepsme on
78 and as depicted i Ealhiin £s hb NRighe End ' wid@h (bf7 éhd lanhilart B4l 66 Hagager 25

42 i-s desi dt i ght ti, 78 of I i.tudinal b

56 0t he Cubing. Minem Aerisebteiously fata v fodteckan PR theq: Sranc

‘nmetal -to- netal seal idegermipaion oF tife Eimpiresistast eetalritomedtal tdeal ingmeans

that of the fire resi6§t = %-ﬂghggt@ mﬁé&&g, g?@ggs&ésggd.‘ @Qiﬁj Hﬁée 3,
y. W t. he

whi ch has been describe erel n préevi ousl mely, 1.n accor th t node
of operation thereof beenhadcpraviousiynberein congerndsy fhegrelatienshdeshigy i n
the bore 56 of the t Risg betweh te hédyhtoms width dfaheanhabar balkbicggarkD

et o e UG D00EE e I RODM B YARE 010 0 ol
prel oad taper ‘porti oreqisliywapplicalsle as regards the factors of bearing stress
and sealability and the height and width dimensions of the
annular band 74. As such, it is not deemed to be necessary to
reiterate this discussion insofar as the annular band 74 of
20 the tension hanger 42 is concerned. Rather, it is deemed
sufficient to merely take note of the fact that the
longitudinal bore 56 of the tubing bonnet 16 includes a
L preload taper portion 76 and a straight bore portion 78 and as
depicted in Figure 2 the annular band 74 of the tension hanger
25 42 is designed to engage straight bore portion 78 of the
longitudinal bore 56 of the tubing bonnet 16.

The mode of operation of the fire resistant metal-to-
metal sealing means 72 of Figure 2 is essentially the same as
that of the fire resistant metal-to-metal sealing means 64 of

30 Figure 3, which has been described herein previouély. Namely,
in accord with the mode of operation thereof, the tension
hanger 42 is desi{;ne_d to be received in the bore 56 of the
tubing bonnet 16. Moreover, in the course of being so
inserted into the tubing bonnet 16, the annular band 74 with

35 which the tension hanger 42 is suitably provided is energized
as it traverses the preload taper portion 76, which is



-22- suitably fornmed for this purpose in |ongitudinal bore 56 of t.he tubing
bonnet 16. That.is, the effect of the annular band 74 being nmade to nove
bhe prel oad taper portion 76 is to acconplish the prel oading of the
pagnd 74. After 5 being preloaded in the aforesaid nmanner, the -
yand 74 is caused to nove k%%o the straight bore portion 78 of twd
| ongi tTdi nal bore 76 of the tubing fnet 16. The sidewal | s defining the
straight bore portion 78 function to retain the annular band 74 prel oaded

for purpose n gjgreen the annul ar
band 74, |.§".i?a?ﬁ’g?{’§esdl gon:t %}.\Q?ﬁ%’e &gﬁﬁa Si wéﬁsssgf the straight
bore port i othe7gubingcbonnet dl6e %ﬁynﬁ’é& effectpfdherannubar Hepdt | ocati on of
t he annul ar740a8ihg’ fiadd @6 Rreattirabgl tth8 fR164d Rapert buetiA 1d1@ssi dewal |'s of

t he straight bore rti 78. v es a_fu ctlon 15 of _the extent to which

t ensi on hangef® ‘Zf’?pﬁ‘gil}tg prﬁ%%a? °£§}5 2'}1 ﬁh'cﬁrder to realize

t he retusM&inqmﬂ.oadedgm hheaﬂoresaldtMmeSUmaramlamhand\ Tdhe case of the

fire resi st v escri bed herein,
O?ﬁaﬁém?i??%ﬁe rPidh ve%;'oxh{

in accord w teachl h%s esent nventlon has been

det er ni ned xqmaﬂtqueh@r@ deﬁértmm 36 diThergidewallBSor t he hei ght
and width Qieftlhmgalanéllsttamdb&é p&rﬂi&nlﬁn’sfm’i&teoﬁ Gocpdtahiehe a fire '

resi stant neta t.al al ween the t hanger 42 and the tubing
bonnet 16 m %ﬁﬁﬂg ﬂ’ﬁi@#% % BRI ‘?P ?ﬁ%’ q@'@aﬁol?ﬁrrreans 72 25
construdiOeobeaﬂim:(screﬁ\betmenhthehenﬂulanshmdt'lbnitmerﬂce‘ temsiPngure 2 of t\tj
draw ng. F%ﬁﬂf%ewihé%%ém&%é 'Ehﬁ%rtﬁéﬁhtthﬁ‘oﬂéeﬁérémgse”bom nment o

the inventi I's to be noted e casl ng?t anger. 62 as depicted in

Figure 3 ofi)'tene WaWMFFe’-%O Ii%’ﬁg?’dnt%ﬁﬁ 2HdenQ%d in Figure 2
of the dravﬂmgaﬁaﬂbrasémdﬂ oo aneaciad smﬂpmtttmt&ﬂe &odceHd?,

respectivel , C caS|ng hanger
62 and the %lr?r? §E t&&%:%%\’tiﬂ]g{:%% t?‘lé1 v%gﬁesﬁ 2% %g ée %2 are forned
on the d§t ef shemenbtoa«tdcuttaméon mgge;ndzcmsgaoet mwmmradxed neck
portions 80aaRE Pikect HhPES driét ko EdalIRKivRg re2Riftet E&s&&ﬁﬁﬁded neck

portions 80 %Q'gogz g t&mﬂg s?n%t?lgnozfe,tahs in the case of the fire

resistant metal-to-metal sealing means 64 previously described
herein, in accord with the teachings of the présent invention

20 it has been determined that throuwgh the proper selection of
dimensions for the height and width of the annular band 74 it
is possible to establish a fire resistant metal-to-metal seal
between the tension hanger 42 and the tubing bomnet 16
utilizing the fire resistant metal-to-metal sealing means 72

25 constructed in accordance with the illustration thereof in
Pigure 2 of the drawing. '

For purposes of setting forth herein the best mode
embodiment of the invention, it is to be noted that the casing
hanger 62 as depicted in Figure 3 of the drawing and the

30 tension hanger 42 depicted in Figure 2 of the drawing each
embody an extended neck portion 80 and 82, respectively.
Further, the annular band 66 in the case of the casing hanger
62 and the annular band 74 in the case of the tension hanger
42 are formed on the outer surface of and at the free end of

35 the extended neck portions 80 and 82, respectively. By making
use of the extended neck portions 80 and 82 in the case of the




-23- casing hanger 62 and the tension hanger 42, respectively, the

i mpl ement ation of the invention insofar as concerns the placenent of
anoul ar bands 66 and 74 on the casing an_qer 62 and the tension hangks
respectively, as well as insofar as 5 concerns ensuring the proper |
engagenment of the annular band 66 with the sidewalls of the straight bore
portion 70 and the Wet S ¥, t bore
portion 78 is foun(?g{méj am?latzgte @erfﬁgn%qgw# %pgér}ggfistogg@t hat in
accord with the b@gmlmamwﬁ thetingentiqe’ insEAR ASncongEr®s tRe annul ar
bands 66 10 and ;Mcbfenmgomﬁe tdnﬁﬂﬁﬂ' bardaat weanaon b €tedeadilng shanfet 62

strai ght bore portiagns 7 ect ve s depicted i.n F ures 3
and 2, respectivel3d F‘Pf’eté'l’ﬁ‘PPehaF‘éE’é of"csﬁgc masp rc% %6 AT 3g 556

pref erabl y make engmgermsnensirtihg tthe modmhgsgmfent Inf the angidarikand forithns
70 and 78, reSpeCéHeVﬂ&éwﬁllt{:gf ﬂhgegﬁ'a fb@‘pﬁgao}%na? Lé.lnarthje5annul?.§f‘%'in§674

and 74 are i n contact stral g g ort.i onz’ 70
and 78, respect i velwithathejsidewedls iof ﬁeg&?@égh‘: Done porfir 4B tis gpupd £ e
fﬁcesl of thehannmﬁfc&{.@?ﬂﬂ:%%GS ﬁm 74 lisetd r&epﬁmes?ctohﬁtha&xheradcw aitielthto
the planes that are define nter- es o r t

portions 70 and 78 esr‘e'%‘iﬁ’éc?‘?‘i?&l"‘?emzﬁte t“Tol"tvﬁf‘ 1°é’nd“t§ gkf H’?ultgg %a?ﬁ%%/ﬁ need
to be inpartedgo irdde74dedng m‘osih&nemrmllaumamjshﬁ&ldmdam othahe tstzaightt er

are not prel oaded 0 t h
annul ar Eands 66 ai’% Q%P'H]Zﬁb%@ % é&%&t?{éﬁ'y;gﬁqeg&eﬁaﬁﬁ&ﬁrebpyv?ﬁlwlldczh’

i
has \Been ref erred respaptively p3he entlre fB?° F’Eﬂ‘{lﬁérbaé;%%l $35t i on,

in accord with the ﬂﬁ‘%i‘aﬁl@dﬂaléﬂmlgﬁﬁiit elen hﬁe isidewdlilenof ithe istraight bore
determ ned that the w_dt

e .annular _ban a l ol
to be approxi nat el ?r&*gnﬁJgr{%r %’né'ﬁs‘ie(?&%vzldgﬁ) ﬂ Enﬂcg?rﬁ% We th?e ?oun
that the hei ghts di beisi 66 aad ‘Mheremnmmatﬁarwdtﬁethandﬂdswam Pg theqiu‘i!‘laéshtt 0

be 30 what b i an
ol ghth i noh (032 i Birelad 76! S 9?“98&"3?%’%”Qﬂrﬁgg‘g‘?gf? TR0 and 2,

approxi mately two I‘Qﬁmnél‘tfﬂsaffép %?§e§m;-f &heiamnular, bangds: 00 apd 74418 2 Pﬂmes
annul ar band 66 angpfy effendSp£ANELEN RECkhe planes that are defined by the center-

lines of the straight bore portions 70 and 78, respectively.

20 To this end, a slight taper may need to be imparted to the faces of
the annular bands 66 and 74 when the latter are not preloaded in
order that after being preloaded the faces of the annular bands 66
and 74 will embody the desired parallel relationship which has been
réferred to above.

25 .By way of further exemplification, in accord with the best mode
embodiment of the invention, if it is determined that the width
dimension of the annular band 66 and/or 74 needs to be approximately
one-quarter inch (0.64 cm), then commonly it is found that the
height dimension of the annular band 66 and/or 74 is required to be

30 somewhat between approximately one-sixteenth (0.16 cm) and one-
eighth inch (0.32 cm). Thus, it can be seen that there exists a
ratio of approximately two to one insofar as the width to height

ratio of the annular band 66 and/or 74 is concerned.



-24- "Thus, in accordance with the present invention there has been provided
a new and inproved formof netal-to-netal seal suitable for enploynent in

well headsequi pnment. Moreover, the subject netal-to-nmetal seal of the ’
preseffAA hventi on when 5 enpl oyed in wel | head equi pnent is capabl e of —
W th ng the conditions inposed thereupon during the occurrence of as/
wel | head/fire. In addition, in acod4d with the present invention a fire

resistant nmetal -to-nmetal seal is provided, which is characterized in that
it exhibits adequate tensile 10 strength even at the el evated tenperatures
that exi st when aThwsh| teagcordanceodthstherpreasent invertiionr theresi st ant

met al -t o- pget 1 8dd a"Rew ' O e Al j zed in that it
exhibits the'%gnsﬂi%lvi ﬁ/ of e@iﬂéq%klrg%?wﬁga@rﬁ?%oag%gﬁabi lity even at
the el evaSedl SUIPARIS 'eﬂPRM"‘ %i 15y welibpad equipmeat, Moneqvere occurs.

Addi lt i onalthy ,subjectc metal -Wbt-@'eﬁahesmeaﬁl‘thei present qnveqrtfi'bﬁ e\qmzi fst ant

nmet al - t@- rpv | is,particylarly suited for

enbodi nélgn #ﬁ’&aﬂﬁﬁ'ﬁﬁgn@ﬁ%#ﬁi %‘8?'?"%[ Hgt"i si’rﬂ%éﬂ% ®f or enpl oynent
in a wel | noadf tions: impgsedAthereupbn duning 2he roeabereneebafinwi ng the 20 fire
resi st ant wopinabd (BreE! teéhe | pventl I's characterized in
that the seal ihg ﬂg'?gn?gda?‘?%gaﬁg?ea%ﬁﬁ@tgpg%%r gé#a tm)vement in order to
acconpl i shnvention & Siee resistantometapetarmetalaseal isipravided,d with the

present i RN §OtHaPgcteMpednTeREE ¢ %Ws”ﬁdﬁéﬁ& al:eﬁ%ffe resi stant
et al -$0- r5 ﬁalv ’s'eatl hsa%c)'heaggésé rized |rn t hat a;{ﬁeir/. el ng prel oaded the
seal i |ﬁe%§§ evgn At Mg aey ratunes thatap WEhR while yet
ret ai ni ngwetihehd fifiregocorsss Fantherjetiec £l vdires i stantawetabaeg-her eof . Final ly,
bresent 1 fotal FEY o "R rdthnt e fon 7€\ cbaPAieRTRE) IhHIRLI, Thexpensi ve
to provi dét exhibitsy the canphByity wfi beingeabtecitagnatapatrd dtef provi di ng
reliable amasﬁll twd&f _%ertﬂecewé‘meam?aeﬁéppéﬂnse.éx'%etmﬂit:O“S' thatl
gé;ﬁ ﬁgdfa?é hepd Fire olcct:l?rso.c'c %ﬂs‘l'tionaﬂy, in Iacr:c60rrdev§1ltsht %’ri]et retal-to-meta
' present invention a fire resistant metal-to-metal seal fs
provided, which is particularly suited for embodiment in a
tubular member of the sort that is intended for employment in
a wellhead assembly. Also, the tubular member embodying the
20 fire resistant metal-to-metal seal of the present invention is
characterized in that the seal is intended to be made to
undergo radial movement {n order to accomplish the preloading
thereof. Penultimately, in accord with the present invention
the tubular member embodying such a fire resistant metal-to-
25 metal seal is characterized in that after being' preloaded the
seal {s intended to be capable of underaoing axial movement
while yet retaining the bearing stress and the sealahility
required thereof. Finally, the tubular member embodying the
fire resistant metal-to-metal seal of the present fnvention is
30 characterized in that it is relatively inexpensive to provide
and easy to employ, while yet being capable of providing
reliable and effective service even when exposed to the
conditions that exist when a wellhead fire occurs.



mat i ng metal |ic nmenbers conprising: 5 ummmm I1ic menber
havi ng a | ongi tudi nal bore and an inner circunf 'mﬂmﬂﬁmdeﬂ ng

sai d.l ongi tudinal bore, said inner circunferential Surfade Fnctudi ny &%
firSt tapered portion and a second straight bore portion; and 10
b.) a second netallic nenber of tubular configuration having an outer
circunferential surface, said second metallic nénber being at |east
partially inserted into said | ongitudinal bore of said first nmetallic
menber such as to begrams ally received therewthin with said inner

circunferential 15 surface pf. af&ef Hs‘i%ti%t MQMﬁ S@yfﬁ@%@gf&al d

outer circunferenti al surfaceo sald second netal | | c nmenper, sal second

metal |ic menber incl wffectuating she astalighment f 2 fice,resistant seal
circunferential surfaeewdith ira@ha@emg ﬁé&lﬂ@u&b&@ Sonpeaing et al | ic

menber, said annul ar band en gln id. 2 nner rface
of said first metaPlic marrbeg ’E%@g W\?%rclli%ﬁﬁgrﬁ)g&% stﬂlliﬁgagrted
into said | ongitudi nddorbcansd ad inaenl cﬁrcwtfemallsurﬁmebéﬁfi@%tbm Aadd as said
annul ar band traverseﬁnﬁﬂaﬁ:ﬁ%’f Bbrd 2R81E dnR&Y Ei%&é&éﬁt@ﬂ?%h@fa&@and s
caused to becone preloa and up on’ enterlg“_r I d second rbo bore
portion said annul ar M@@f%&@s’é tapared; @Rﬁ‘ﬁ’ﬁmﬁﬁe‘é hg

prel oaded, said annulgrtpsiydatbvi ng a height and a width enbodyl ng

predet er m ned d| 5| ons tha% )a g&o@ﬁ'xﬁ&%@ﬂ&ﬂ%@ 89&3%&%%1'&@%@&5&?

bear\H’fg stress an seal abili ertst1cs require 0 exl st between
said 30 annul ar band hevisgian Mndinmﬁanentiﬁe n@aidisgcand: patplll

straight bore portio éhiae;sadee!m;'a&Si 3 am@emtwm&@amo ef fectuate
a fire resistant rret to rreta sea? gg{sal st netalli.c and

said second netallic lﬁﬁ!\%@?ﬂ. inal begpe Cfﬁ F %tt%'fal ¢ Jembes. ﬁ’é‘f‘h sré’agfn
nmeans 35 as set forthedakislly receivédtherewithih amtmlsaiduanet icdréunferential

Imgt g?tﬁlo Vr;net QI °a §1 é&%gﬁg%tfgésgisd&% 11 alm 2 ere| n sallgné‘étcern
metal |l i c menber circumferential surface of sal.d second metallic member, sa
second metallic member including an annular band formed on
said outer circumferential surface thereof adjacent one end of
said second metallic member, said annular band engaging said
20 inner circumferential surface of said first metallic member as
said second metallic member is inserted into said longitudinal
bore of said first metallic member such that as said annular
(T band traverses said first tapered portion said annular band is
caused to become preloaded and upon entering said second
25 straight bore pbrtion said annular band effects a seal
- therewith while remaining preloaded, said annular band having
a height and a width embodying predetermined dimensions that
are predicated upon a consideration of the bearing stress and
sealability characteristics required to exist between said
30 annular band of said second metallic member and said second
straight bore portion of said first metallic member in order
to effectuate a fire resistant metal-to-metal seal between
said first metallic member and said second metallic member.
2. The fire resistant metal-to-metal sealing means
35 as set forth in Claim 1 wherein said annular band is formed
integral with said second metallic member.




. F
_includes an extended neck portion and said annul ar band is formed .on said

ext ended neck portion. 5 4. The fi r%- net al
sealing neans as set forth in Gaim3 wherein a correla sts betweens
t he M€ ght di nrensi on of said annul ar band and tlm 3
ch er| stic of the seal established bhetween ﬂ(ﬂ Bmg@‘ &d of said™
seC' metal | i c menber and said seconmp 40 strai*ght borex n of said
first netallic nenber. 5. The fire resistant netal -to-netal sealing neans

as set forth in daimi4 wherei n a correlation exists between the width
di mensi on of sai d 3anrTheafite nesigtant metaledpamgtialisealng metrs i stic of the

seal estabbjshedehahnperiad @ memrsa%é d22688 akeAiid wapend netal lic
mb d d s f said fiyst metalli mber .
6 The 1 iackies ot teaed ek et s bl Spedfae el 16 Torih in Garm 5

wher ei n saifdrrfeidr st said sxtemdedendokr portipni ses a tubi ng head. 20 7.
The fi reg resi st ant4 ?_& DBL @%ehgﬂ-t@ma&ai h‘ é’l in Claim6
wher ei n sai d second I C Ime nprises a casin anger. 8. The fire

resi stant ABtsAt- {‘-Qﬁtﬁei-'hlaé%l:ﬁ Y‘Eﬁfﬁé'ar%"a%feé-é'ﬁi%?’ﬁﬁtﬁ fm 5 wherein said
first netakhé mem@@am&ﬁimwssﬁsammwmbaﬂnaie blarihge fire resistant

net al -t o- neg al al i s set f,ort 8 wher.ein said second
nmetallic r’rﬁf%eesls %ﬁ??’s‘g‘é@ £ ﬁeﬂaﬁ g iﬂ?ﬂaﬁ T @M ead the

i npr ovenenenmdaprbandnet said mmmemiéiotlmanbeeanétalﬁ secopd - t 0- net al

seal i ”916“5‘?‘I rs%ﬁé B%f:&%:ﬁi’éd 8¢ éall@ f‘.?isé%ét%*ﬂi‘ﬁ“ﬁueﬁiera fire resistant Sei'_/

bet ween pair tin nbers_CONnRrisin a.) a first
metal | ic menber ha¥i nB ea g?{%aﬂﬁlmeﬁ —toxpeFal sealing “Eg'i‘%um‘ erenti al
surface debsnwt Byrthain cSEmi qnmé:um A kofr@laticnaetlisteisatween cunf erenti al
surface 1 nely g, 2uhbdsibn! P ShEH aROUd: Bark S 6 Bfast1 1) 9N DOT
characteristic of the seal established between said annular
15 band of said second metallic member and said second straight
bore portion of said first metsllic member.
6. The fire resistant metal-to-metal sealing means
as set forth in Claim 5 wherein said first metallic member
comprises a tubing head.
20 7. The fire resistant metal-to-metal sealing means
as set forth in Claim 6 wherein said second metallic member
comprises a casing hanger.
8. The fire resistant metal-to-metal sealing means -,
as set forth in Claim 5 wherein said first metallic member
25 comprises a tubing bonnet.
. 9. The fire resistant metal-to-metal sealing means
as set forth in Claim 8 wherein said second metallic member
comprises a tension hanger.
10. In a wellhead the improvement cahprising at least
30 one fire resistant metal-to-metal sealing means for
effectuating the establishment of a fire resistant seal
between a first pair of mating metaliic members comprising:
a.) a first metallic member having a longitudinal
bore and an inner circumferential surface defined by said
35 longitudinal bore, said inner circumferential surface
including a first tapered portion and a second straight bore
portion; and



b. ) a second netallic menber of tubular configuration_having an outer

circunferential surface, said second netallic nmenber being at [east

pattially inserted into said |ongitudinal bore of”mlmm“ lic
nmenber such as to be 5 coaxially received therew' m#m"mmer ‘
cirsunferential surface of said first netallic nenber sdrrbundi g said,
outer circunferential surface of said second netallic nenber, said sec

metal li ¢ nmenber including an annul ar band for rded i nt egral therewith on said
outer circunferential surface 10 thereof adj acent one end of said second

metal lic nenber, said annul b nériﬁ)cggg | LR G i
surface of said first netal ?|£ 3 er as sal a%%g}%nggﬁ%c@o%%ra@%%n
inserted into said | dying@nrutesiscunfesantiali surfacey spid seeanspmetalliq
that as said annul ar ,ﬁag& bbb PE R E CreaBlighrt 1413 éé {rizet €4 L8ED ag{d ion said

Srai ght bore porti o arleegangs e terde

remai ni ng prel oaded, maxthlaymﬂcaivduhmeﬂmﬂn@ withesgld iomet ainguiférential

ebodying predet er i Nep rildBE YA e irdR ekl Y Rkl S rbERind &fla outer
consi deration of the aring stress an hi char acteristics
required to exist bet%ﬁﬂ“@&?’b‘:’-&ﬁrﬁﬂtﬁ%aﬁo‘sgﬁ ghdcnreber r Sl mper

and said second stralahbnd)meandetmabeﬂfxmmwlaxsammm&and formbb@r i n

order to effectuat ea?,ié'u’%‘%&r El?ér%{vf&t {‘re%ﬁ% é&egeéi%u@%%?ﬁgi ﬁé’il d first

netal lic 25 nenber second ead as

set forth in d ai A10henecs adiasentane enshpfi salﬂgse&oa@whalhprreenbeg: saidt
netal -to-nmetal seal i NgnEEANBahd len§idi0§! s&3l1 Difhet NG rethftRbhciaIEairfaée a£f i re

t ant | bet d f t tall 30 nb

Compr 1 a1 ng: a.) . t i I EERE MetRRL e, Bmmtee, a4, 3L Brand mEbIRC DEPERE A8 an

i nner ci rcunferenti al insertedc éntthe Baik:domyitedindll borg oficsaid| filst metab]ud: i nner
nf I f

circunferential sur %&P%Lgﬁ'ﬂﬁgga%sf géﬁ)urt %Eq%npo&tab ﬁf

strai ght bore 35 portlon l1TcC
configuration 15 tapered portion said annular band is caused to

preloaded and upon entering said second straight bore portion
said annular band effects a seal therewith while remaining
preloaded, said annular band having a height and a width
embodying predetermined dimensions that are predicated upon a

20 consideration of the bearing stress and sealability
characteristics required to exist between said annular band of
said second metallic member and said second straight bore

— portion of said first metallic member in order to effectuate a

fire resistant metal-to-metal seal between said first metallic

25 member and said second metallic member.

11, In a wellhead as set forth in Claim 10 the
improvement comprising a second fire resistant metal-to-metal
sealing means for effectuating the establishment of a fire
resistant seal between a second pair of mating metallic

30 members comprising:

a.) a third metallic mrmber having a longitudinal
bore and an inner circumferential surface defined by said
longitudinal bore, said inner circumferential surface
including a first tépered portion and a second straight bore

35 portion; and

uI ar



i
. having an outer circunferential surface, said fourth netallic nmenber being
at least partially inserted into said |ongitudinal bore of sard third

* netallic nenber such as to beSCoaxiaIIyreceivﬂ T gth said >
“inner gircunferential surface of said third net aIT mnﬁﬂmnnﬂﬂ)mmdl ng =~
sai d r circunferential surface of said fourth*metaltict nenber, said ™

fourt tallic menber including an angul ar band formed integral therewth

on sald outer circunferential surface 10 thereof adjacent one end of said
fourth nmetallic er,.saj l.ar_ban Lng said inper
circunferential surt aeef°6‘FLr§ﬁ%r%gﬁ??ﬁgﬁﬁpkﬁuéﬁd‘ fourth
netal |ic mhabing s dutserqiequ#msgl@aicﬁurén@.t edid]@untbrme@ﬂl_bai d third
metal lic npadSde 8oy hOAlead® paRtih129MAsaFeddRikd CalPr ses said first 13

tapered portion sai nnul ar 'hand ,i S caused to becone prel oaded and upon
entering sépﬂggé’ég‘?ﬂnl F& P rﬁalao&@"ad‘t‘ect?iﬁi"saﬂpeén%hags Fante effects a seal
therewi t whakiallerreicaived pherieabtiaa, with gaidhbnierr chowdfdrentigl a hei ght and
a wdth e | N9 pr t. 86D q& L.QpS ESﬂ Led] ed on a 20
consi der a?%ggﬁo ?ges% ga%i%r&%t resige‘gng égesé"{zg K E’g s% a;gé%eri stics
required tsimmgermlabéurgmawﬁrﬂﬁ;daﬁomma{es@llésim!ar tsmidret al i c menber
o der to o R e o et et veen sai d thi rd
order to effectu a fjre resistan al -1 0- seal between sai ir
metal | ic 28° - Chergwlth on ¢ t"r\‘tﬁ’é{%ﬁﬁ"@eﬁ%‘ﬁéi.s"f 2°4 n a wel | head the

i mpr ovefentthefedfi adjacamnt one canddof isadd rfionrth metalldt atember ysadd seal i ng neans
as set forth_j (‘tl%ﬁqsﬁiﬁgﬁsr ' ' l?ﬁﬂ | d gg{ﬂar and said
fourth met aaPPilli(}rr_re er C i%é?u%@bgnagg enéé;?i%gc%(&gor ign havi ng 30
forned t hesaid third mekallis menbey 2s152id fourthenetaddic membernisovenent of
first and spsenddf int® £ 3émyitudBiadl bdre- oElsalid LB3td mgtamdes as set forth

sai d annul BE quh Taf #eCedly i Heha FiakBRe etg Bl LT % Tess
char act ébi tiaperedf podtdon esalid eannubar bandl isecaused toabecamenul ar band of said
fsffg?dne”f;ﬁrib%&d@”é?ﬁr upti enterdfl Lal§ GEnd st 2l AL sa}@epm%aon of said
said annular band effects a seal therewith while remaining
preloaded, said annular band having a height and a width
embodying predetermined dimensions that are predicated on a
20 consideration of the bearing stress and sealability
characteristics required to exist between said annular band of
said fourth metallic member and said second straight bore
portion of said third metallic member in order to effectuate a . o
fire resistant metal-to-metal seal between said third metallic
25 member and said fourth metallic member.
12. In a wellhead the improvement of first and second
fire resistant metal-to-metal sealing means as set forth in
Claim 11 wherein said second metallic member and said fourth
metallic member each include an extended neck poftidn having
30 formed therein said annular band.
13. In a wellhead the improvement of first and second
fire resistant metal-to-metal sealing means as set forth in
Claim 12 wherein a correlation exists between the height
dimension of said annular band of said second metallic member
35 and the bearing stress characteristic of the seal established
between said annular band of said second metallic member and




menber, and a correlation exists between the wi dth di nmensi on 6fsaird—
annul ar band of said second netallic nenber and theLﬂﬂm i
characteristi¢ of the seal established between 5 s mumammuof sai d
second metal lic menber and said second strai ght bore*poftilon #of ss fir
metadl i c menber. 14. In a wellhead the inprovenept,of first and secon
resistant netal -to-netal sealing neans as set fo t% in Claim1l3 where
correl ation exists between the height 10 dinension of said annul ar bamd™ of
said fourth nmetallic nmenber and the bearing stress characteristic of the
seal established betsadd segontl stradcht basedoastiomiof $aidr firsteretiallic nenber

and sai d second st r aingiber? Ok ROESdrNallonsl e MetdedP LA hriguiaEGisionnd o
correl ation exi sts between the w dt i Jrension 0 | nnu nd o
said fourth netal lic9fe am}&afﬁ“@"ée 59 “%h‘&?%?&?g? mepicE 8‘?‘5#&% seal
est abl i shed bet ween sealaindty shatmotdristic 0fithe seah esbaklilshed betieen and
sai d second strai ght ' lydsd A | h&nbeBREr sail®- N a
wel | head the i mrosen%g‘?%ég%#r ;B?nda‘ag %%gon 20%#?%%% esl st T sa

n ant
metal -t o- netal seal | rRgcARdyEraighs horeopantion of s3id @F%‘@%P%EFEP%W st
metal | ic menber conprises a {abitAca Weathead Ckhedifbrocannt offatdt andresebend

25 second Tire resi SRR ierietant nebAlTErRaEs) g iaiehd € ok ] T, °¢
Cl ai m 15 wherei n sai dClialm rl3 wisraiih i coereletianoapidtschetaeen ithe hedghthet and
sai d fourth netal ljyC JREDEIACOHFRALS SRAN@ dreBaHdOBE 314 Sourdr mefallic member
fi ré~—_re5| stant met al -to-netal seali ng neans substanti ltl'xz as hesrtebf.sggéore
described with refereﬂ@e@%%%ci@ﬁﬁﬁrﬁ’?ﬁ@@?@%ﬁqﬁg@ seal establl
between said annular band of said fourth metallic member and
said second straight bore portion of said third metallic
member, and a correlation exists between the width dimension
15 of said annular band of said fourth metallic member and the
sealabflity characteristic of the seal establishad between
said annular band of said fourth metallic member and said
second straight bore portion of said third metallic member.
15. In a wellhead the improvement of first and second
20 fire resistant metal-to-metal sealing means as set forth in
Claim 14 wherein said first metallic member comprises a tubing
head and said second metallic member comprises a casing
L hanger .
16. In a wellhead the improvement of first and
25 second fire resistant metal-to-metal sealing means as set
forth in Claim 15 wherein said third metallic member comprises
a tubing bonnet and séid fourth metallic member comprises a
tension hanger.

17. A fire-resistant metal-to-metal sealing means
substant:fally as herein before described with reference to

the accompanying drawings.




