; €3eB<4pH6TB6PRESSURE ENERG ZED METALLI C SEAL BACKGROUND OF THE | NVENTI ON
Field of the Invention [0001 ] The present invention generally relates to a
pressure-energi zed, netallic seal for sealing between a pair of axially
faci ng annul ar surfaces. More specifically, the present invention relates
to an annular netallic seal havinﬂugn annul ar fIaq&g extendi ng from one of

the 1 eg portions ofPRESSERE ENERGR.EDRMETALLIL SEAENdi ng from one of
the leg portions for handling, | i r_orienting the seal. The
present invention also r%é@@ﬂmfgﬂ%&dﬁvﬁﬁﬁﬁgct uring the
pressurngmf:g%égﬂm allic seal of the present invention. Background

I nf ormati on fo ny different types of sealing devices exist for

seal i ng {G01pppiRicyessnr haed®ntgensreldy rdaesvweerpressurcsailergizedopptadlic seaki des of
t he seali.n evice. In partjcular, .annular sealing rings.such as netallic
O rings 3%3@5?%%@?%&%&?&3& éé@hgﬁﬁﬂggﬁﬂngﬁﬁFéﬁﬁﬁzﬂ#ﬁ% c&ﬁﬁﬁ%& “sealing
rings ar g Lo RhMoRi8eOh MBhakht Selhiceehi a%insUehnaslaf Aigd x@hdingar bon
steel, stainless steel, high nickel alloy, Inconel or N nonic alloys.

Typi cal | froncamadithd lsgabrtpeabbthaseal madiof aideast ede o ekiendingdemt PryOIIhe punchi ng
"bl ank” rings,.of eet..netal .out of netallic sh nmater] hen

bend ng SR Ry arRhgadr Ttk s REF e T-Ehl Bl en it 0
shape usiditedtiofSmétho® of mandfadifhe ther&strermiboy, mélalley seal oftke presdvese

typi cal annul ar sealing rings can be constructed by manually formng a
band, butvengdrdi ng the ends and then manually form ng the required shape
usi ng prgﬁée%&hﬁﬁpﬂh%%ﬁlé pl ating or coating can optionally be applied to

t he seal .lﬁ%ese yplcaP annul ar sealing rings can have cross-sections of
various sivapes. Maiky exfRrek epedof Laliseadvias esit fongeatingtgb oedosing sisats i s
typically an annul ar seal having a "C' shaped cross-section. Qher types of
known netasar] beteaen & iprlels oppodie-sides of Bivscalinedsvisre IbRFHBYM, AWy ol ut ed,
"E" shaped;:. Y- , : o8R 5 dibKEes. 19QQ3] Typica
seal i ng ??drlllagn?@gg&% assglgﬁ%%?cgeneé%ré %?%ﬁ%??gﬁea}/gé%&s&% I ﬂfén Scertai n

appl i cat kmngar sealingeadyprecomsmnorlyofadehd aetd Bahmicalathsaclpes fodt moy ergponel |
under relatively large load forces (e.qg., . 100 to_several. ousand.pounds
per circﬁﬁ?%?@%%ﬁéﬁw? gﬁgnﬁ@@f@ﬁﬁhppén%ﬁﬁ@%@mﬁﬁﬁgoﬁ%2tﬂﬂﬁégbﬁﬁgepﬁgﬁﬂnction
as | ow | AR he cEring sl pRRHinkSeahk" SREE.Qhedthesa Juy BE cal
netallicgggz s%grgﬁges?gﬁéﬁ tgﬁgegpr%ssugl energiz%ﬁ)anglor can be coated
with a defetaltimilicet matesin, ahd then §endiBI Edeh of thedblank!' viegs intohisdimal desited he | i ke)
in -l order to ac ieve.tQﬁ dfsir d gﬁgl integrity Unnorﬁu a%e%%yuﬁhese
Lypi cal SESFFAROPRTIRISHRRE g byprdarSRaP oS ROt B Tt G PREEE L oal | ng
rings hayendsauhiedSngs @RBE ohdirubR tblyGhlribily ForRiigod bariabett Gleldig teed to be

handl ed by aut omated pl acement or even by hand due to difficulties in
handl i ngehys andttberamecuaply formin g the repeirddishepg vsng proetergvardiess Adleine® of the

l's, th I : d 1o, be h I ' I . 9.,
o the nutgeah Ty FanapELE ey Gt et Pl B R PEF 5, P10

nmanuf act wpee @bsdfetisad fSaribieshapal Forayamgleth @' kel drapdhgdnémiedder to
hol d, | ocate and/or orient the seals during certain processes (e.
r

: : : [Palll g X
bendi ng, semdat ivaigalyan spnyharsealhgvies a'ie shapadorossagetian JAkeT ypesrfrkoRyn
manuf act ur i I . N axh 1 der to
tove. ¢ e Mstllle St D SRR Sect AEWRER 8o By Bl B SRR SR Y e
t he seal%nﬁga@mqﬁﬁquﬂﬁp@g,@ﬁnshpa or held in a particular |ocation and/or
orientation in order to ensure proper sealing. [0005] Previous_ nethods for
handl i ng [P ed Berird spaling ringg (i ¢-cg2lg) sxnstrllyahedionsigpsvell i €§7t94% t o wher e
you handl e the se bei car. t L] j: faces,
2d tno- SERAGRORE ior SEMBISC R HnieehiS bQUTR AR e kpE gt TR | 2
critical 1ggaldaigofcac@sy., Mt t6 Revesallthisand poueids pwecirnehfaentilingt, pei)t o
aut omat ed processes. Previus methods of making sealg Sonet i %aasgulted in

I

out of fMdilseshere b bern Aesigadita dmeofion ps lovelopd Seals PicBds e Bep e seals

in nmass Nigl.} : i i P ' ' Lack
of 5t abi LRy SopteT 1R AR rERh Rl U8} e DBt s RS A B

i nst al | atbe@patké adihngddfemnpbid inaledalyepe PAHE) goldTHibse corparphmbthefikpyiobl ens
maki ng and using the prior seals are not exhaustive. [0006J Sone exanpl es
of known seals are disclosed in U S. Pdtent No. 5,730,445 to Swensen et

al.; U S Patent No. 5,630, 593 to Swensen et al.; U S. Patent No.
5,249,814 to Hailing; and U.S. Patent No. 4,915,397 to N cholson. [0007] In
view of the above, it will be apparent to those skilled in the art from
this disclosure that there exists a need for an inproved pressure-energized
metallic seal and a nethod of manufacturing such a seal that overcone the
problens in the prior art. This invention addresses these needs in the art

o o o o T Y o o




[ 001 0] Yet another object of the present invention is to provide an annul ar
seal, which can be easily noved, packaged, |ocated, oriented, aligned
and/or installed wi thout negatively effecting sealing characteristics due
to contact with the sealing surfaces. [0011] Yet another object of the
present invention is to provide an annular seal that has a_.relatively

stabl e, Prost iosaphpye dhdesped sl piegity.sHBloryRaelpihses ivaicahisping HRES 4ide

crosssecty | i i i; j jonal stability in
t he "plaﬁkﬁ’ ggﬂ?@%b#Sfﬁﬁﬁgﬁﬁﬁﬁ?%%@§%$%$%%H%@ﬁg@%ﬁgﬁﬂﬁﬁ%% | ooki ng down on
t he seal [0EEpecilalpapionteeniypicel sealaloftes neainbibglmaedledby hutoontedfflaenenties such

as a square, rect angl t.c..In particular, the annul ar flange.of the
Ccross- se@Y?beghanﬂr‘ﬁﬁeitgé&E‘ﬂﬁngﬁlf@%‘ﬁﬁw R at?‘ﬁ Bﬁc‘_’s‘}l%s gpf%%‘i@?” g Il
anot her %ﬁ&baﬂfnﬁtome%r £REAE séa’i‘sv@fgl%db&@d kSbd RanRlQvh @R1c2 My ABEHIRsefigal Wi th

whi ch installation can ge perforne oth manual l'y and using automated pick
and pl acée.gdetd the sextistdpiin taswmemshotutingeocesfD 0daTe syetifisaliy, duan®t her obj ect of

the present invention is to provide a nul eal .t ha e _used in the
nar d d s e o 08 sy S5 e el o B P8 Bt o hodt phBEt

sem - congduehiGhe bdafUfirinoQertaidPoREits . H Eberdtb sbdtihgtanalor pREME bethelsbalspbove
stated funct[onallty_[§014 Yet still another object of the present

i nvent i or\ddstiomellprdawing enaaitachpingod therselsolie els w@?nne&é taibe handiad inepdsy ed

o s By tinet N ssf PRl ol i Pefahd PLOKDRR. e RPN Ocr |

anot her eb¢EethedantiRe opheldent phtiéaNt loRAtidBarddforiieriatien anoidepoaviade met hod

- for manufacturing an inproved annul ar seal that adds stability to the

pr ogr essipieetpedliBtocess m nini zi ng part deformation during the stanping
process, eby i QR I e. [0016]
The Tor ebbth by SEELS hehitps iR A Bk RO Ry RS IRO M AR,

pressur egasitiiiged o Mital youthaadielthd @al isead cagfubnotab tynchake agiahsualing

surfaces. The seal conprises a,central,annular,porthon, firs nul ar | eg
re whib

[ t, a
portion AMsAuddROPRISIRIHIS &F PREgleEsReRErn duaie rishand ICEFICi}&P?q}%
ext ends . i aﬁ#}% S L acond The
first anﬁ%%gr 1§%E§g§%ﬁgﬁﬁ%¥§en s0 ?gﬂggﬁg&?ﬁﬁg?qgﬁﬁg%%'?he ceﬁ??grhportion
to an anmfhmikifgsesls sémettmenesul®den bt ot flatmess bardifiey meding ddiffieslt to fir st

annul ar conyvex seali surface lying -3 inaifirs alin | ane. The
Second amiiider ARG 1 in S AR PG e DR HRTOR TERe KRNt 1 al
portion {8n&niife ONskK JaebRRy oRBhi E?a’ﬁse%oél@%%%ﬁf‘t@%i@&—aﬁ@ﬁﬂﬁ% de@ag i ng
surface lying ih a second sealing pfane. The second free end of the second
| eg por t itostallesisn deadingrtalpartictd gengatioxt Thetie vyarsplss b AprobEnisynganaimeising t he
first and second .sealin | anes and offset fromthe second sealing plane in
an axi al qwggﬁFgﬁaFﬂﬁﬁg§§“§?¥9first seal i ng plane. [0017] The foregoing

obj ects gago@! SOSHRS beahpl¥s S RiinAAe drdiisdIbRY 16 UG Rutddt BHS 786085 gi zed,
metallic seal for sealing aX|allﬁbfa0|ng annul ar surfaces. The seal
\d

conpri sesSwensanitahl Ush Ratcat Npot.03B 1393 fo Prversen ghalullap- Pagntd-5h28d-8fdo a
second a -ar i On. r | ar portion extends around a
central ggﬁéﬁﬁﬁ%ggggqéﬁ%gﬁgﬁIgﬁaggﬂgjgﬁ%gggﬁd end. The first annular |eg
portion ggo@nds fn@swidféhd dbost, iewtl 8 afpagenc anhosd skiltudtih olte drofram thisnul ar

first free end. The first annular | eg portion has a first annul ar gonvex
seal i ng slisclosse thyfithepeiekist Fieed forsaMIPHRY eIPaFREUTeTRET e oRtia iR AER' 4P Peg

por tion %étﬁ&f’éf&hﬂgh&&%ﬁ&&ﬁ'&f!;eﬁriﬂat%fveﬁtc!aﬁle%ﬁé&é{oﬁienmﬁFtﬁ idrQr@ 13ggond free
end and has a second annuf ar convex sealing surface lying in a second

seal i ng phesneion dreses trcke fizede irethd attas vall ds edst nesds, whathatilljpeexbendi ng t ab

projecting further than adjacent parts of the seal. [0018] The foregoing
obj ect s é@ﬁ%ﬂé@%@ﬁ@ﬁ&#@@a&tfffg?ﬂéadjaﬁloﬂirsvi ding a met hod of

manuf acturing a pressure-engnuiMgRy OBHRE DN¢VERGIONThe nmet hod conpri ses
feeding a netal sheet material, cutting a first annular edge, bending a
portion df0@fe nEnalobrhiesttherpteserit diveatoh suo pravides presnelermngatdhmasdfe. The
nmetal sheet materjal b; fedlinto.afshe?t neH?I fornhﬂ? machi ne.  The first
annul ar agelapseal fiat wligbly;scals g pair of pppilar wipllg e SHHFSSS al such that it
extends around a central axis. The portion of the netal sheet material is
bent to forma cross-sectional profileZf the pressure-energized, netallic
seal that includes a central annular portion, a first annular |eg portion
and a second annul ar | eg portion. The central annular portion extends
around the central axis and has a first end and a second end. The first
annul ar |l eg portion extends fromthe first end of the central portion to an
annular first free end with the first annular edge. The first annul ar |eg
portion has a first annular convex sealing surface lying in a first sealing
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[0022] Figure 2 is an enlarged partial, |ongitudinal cross-sectional view
of the seal illustrated in Figure 1 as viewed along section line 2-2 of
Figure 1, with the seal installed in a joint between a pair of annular,
axially facing surfaces of a pair of nenbers that are coupl ed together;
[0023] Figures 3 is an_enl artﬁed, partial, side el eyati ona%lvi w af a first
corner p bn ohnathe obisst of (e preserd drenfian S tg predde anpulr sepbV R 6 by t he

circle 3 [ ; Fi ks hal ,

cr oss. sobt s Préficc shPRiEledh BHEohulifial AN MEL FRLATREPRALE a1
Fi gur e 3cksaatérésties dad ongnmecwitivthd sealtnglsudfaods dfitlgruseal. 3; [ 0025] Figures 5 is
an enl ar?eq, part.i al %:qrdé?'el e g{ti onal view of. a secand corlréer ortion of
the seal [§910hst r Bet&80% )6 08 e PTESTRt BVPIHORS %‘11@8"@93?%“ e ™89
Figure 1] 00281y Flode §abkdged Aoldidd, BEENER MeA&Haidrihdhlledori@fsut Sect i onal
view of the second corner portion of the seal illustrated in Figure 5 as

vi ewed ahegugivslyctficoting seainGel@rateriigudes ©;cop@oRVith tiegeaalong shriaecsan enl ar ged,

tial sji | ti | Vi f i ti. f t.h il ted i
Prour o6 TOGTHTS Y anbier abied e featesthtubonriS R Svisd f SEGHateRb 755 |
a parti ahgss £rOa8REEIHIQTRL shap8 Wudto i\ GoskldBti BRI hiofile. ot dders @R crodst ust r at ed

in Figure 7 as viewed along section Iine 8-8 of Figure 7: [0029] Figure 9
is a di agecsinmaltirefileiiesicasendeatifipessior disnangionalptatility i theo laprdirpahel ab®-ur i ng

the seal .i)lustrated. in Figures 1-8: [0030] .Figul.e,10.] di agram
i I1ustratt %Tftﬁfé?ﬁi’é?%%a Wg}egg%‘)%do%nn% gtsh%li %%g?lgu ‘g’g%r?thlgls%%gvr ated in
Fi gures $olfigur& with M3glat Kidgssiehhd aisqude, s @etaptlevad.i Dingitioulayhe fanaular

pressure-energi zed, netallic seal as_viewed along a central axis in

accor danélangg elihecrosteastiopd oredile san eiffwdhetong 9 Sie% present inventi on;
[0032] Figinhe 120.S.: I t J ' 'ﬂ@c = Jognal view
of the s %ﬁzﬁl I ug%tfsg?ggg{lﬂﬁﬁéﬁg%rogﬂge rgésenb]ilng%gﬁg?‘é g g@%%ﬁon %\g 12-12 of
Fi gur e 1%ithwitiibh ikeliaged cintsd e foeded both niaaiually het weenawdorpated pak aadnul ar,
axially facing surfaces of a pair of nenbers that are coupl ed together;

[ 0033] ~ FPHGE 88Viges Wikhig gssepby ; partial side elevational view of a corner
portion efgishe Seal sl Akt Aied o theffirBithPvdnkidNe tolgrol 8 Ahiahied fyy t he
circle 1 (l)lr?TFi gﬁ?tesqlla!nH?%Og%f Ig:'fgurﬂer 14??%] a‘)?lurtok]l%rp enl araged parti al,

cr 0ss- sedhdt omabe wdedin tfe Hankdisk dries, apmidtion, pfiwdigeneretdn, aklogsaceat ed i n

Figure 13 as viewed along section line 14-14 of Fiqure 13; [0D35] Figures
1571 's an DR aien s i SO EleR B S ey DR LT B AP OTREY ¢ he
seal illuyst¥ighafdyin Figures 11 and 12 identified by the circle 15 in Figure

11; [0036] Figure 16 is a partial, cross-sectional view of the portion of
t he seal [0014)ist r¥etetilli anothicryobyject DS thespresentvastenticrig teprovidsanlinpeoved- 16 of

Figure 15; [0037] Figure 17 is a side el evati gnal. vi.ew, of .

bt Sssur o Histisior byt hebind fp ndud S SR R WRGRY R BY afing v
accor dang@mekt ¥ Ghetdtiohs sﬁéﬁﬁsﬂiﬂ%g’%‘mgf@ﬁﬂé pfks bogleesendiet.nvention;
[0038] Figure 18 is an enlarged partial, |ongitudinal cross-sectional view

of the sé@15]| | u¥etrsiillemother phigeros theprasenyinaaritPras énprosletandmprovgd 18- 18 of
Figure 17, .wi t l. i nst i j.Ql . i | ar,
oo ol 1y PO AR SRk A0 oo s oS D B3 pft P
[ 0039] Figgusracek? niifindizidighart e Rrabii andlring wsampingyressstkerebemgkingdhe

netallic seal as viewed along a central axis in accordance with a fourth
pr ef er r edetighBwWrerbusigndmpauiicesagie. | nvention; and [0040] Figure 20 is an

enl ar ged r4i al i tudi - i i 1 dllustrated
in Fi guré@%] as ?/Péeg)g%otéﬁé@@égéﬁnﬁ%ﬁmﬁﬁgé %ﬁé@o&’ﬂ&fﬂi‘ E?léibée I%%\%\? th the seal

i nst al | ednémizad) etatliclheilWorseatingatinllpfacaranhalar swrficed. | The el cognmmisef aces of

a pair of menbers that are.coupl ed together. .
P central annular portion, a first an%u ar leg p%rttlon and a second annular leg portion. The

central annular portion extends around a central axis and has a first end and a second end.
The first annular leg portion extends from the first end of the central portion to an annular

first free end. The first annular leg portion has a first annular convex sealing surface lying
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS [ 0041] Sel ected

enbodi nents of the present invention will now be explained with reference
to the drawings. It will be apparent to those skilled in the art fromthis
-6 di scl osure that the follow ng descriptions of the enbodi nents of the
present invention are provided for illustration onl and not

purpose &Fa firshiqaling plane. The essondanmdardes pertian 5}9‘3{1 pRsnRsaen fF“le 0rﬁghl%and

their eq !Qﬂ I andac1

metal | i cgésﬁeﬁ%lIl S%%?ﬁégg? acl E%a{les g’lsﬁ%@daﬁﬁgﬁng‘%rgﬁigﬁlo of at h}e’ﬁgeal 10
is illusidatednd Ebaaﬁgptadantl?he wécohd &eé Emdsodl thah@dnmaagtpomiﬁonlm aorapselnt

i nvention. The seal 10 is preferably C?ESZMM ed, us

manuf act HAngReNteRdinewbsariallymaralef ioghp i SGCARL FR%; 18% Pﬁ’&gs %ﬁ%s‘%&géed bel ow
in more g[%h?ﬂhle sech§ sBRing é)'édéf: ﬁ%ﬁ‘hxﬁpdﬂe%tlgﬁﬁivﬁﬁi‘@éjthk FirfQefilgatR! | y pressure

energized to maintain a etween a pailr of nbers M and N. More
speci fi c@dily] t HHlasfesdgoﬂrig dbgectacaanirol tasicalabe desiagrivydrovdmga presspegt r - of
aX|aInyaC|n ann racesA menber s.M and N, .

Mespect i R e e Sersetine P tetol ann dty FERRE mteRtleRierips 2
Pressuri gggy,l hﬁnd’l‘ﬁrlﬂortl?cﬁl aﬂﬂaraﬁﬁﬁlaf RgpbRRA aahlal sb&shd Anbiae1ed éahrtidrp rmHehl s

di scl osure that the seal 10 could be internally pressurize as dlscussed
bel ow wi t:bntraéﬁmwéarqmrm@ extershs amﬂ@rqeefdaletmscﬁ@drhén@ girghfend ped %ﬁ@@é ¢hend.

t 43 tal l o]
' oot anguitle FEnApbaa e Ron sttt Brle bt BREEhR Rinked PRRIATD piphabtar.
Thus, t h@ﬁrﬁ%le el The Afehenakn! ¥ % pEich hed/d ffst §1hﬁﬂz&d:oﬁﬁe}d/se@lmgjsmfaﬁé\ tyitide

central axis O However, it will be apparent to those skilled |n the art
from t hi é afist sedine@lansaThe gecosd amnule es npion aviendspw e soRad end of the
confi gur at| ons / re ok uld
have a ci ?%tﬂql ngg %ﬁ ?ggcr(%fl ?{OE% eg(? aggﬁ% it &CO]E(PE%UD%}%?E? +%% Sgglﬁlgﬁﬁ?%c Hllrr%g/ or
desired, infdecohd kéalipg plols The eéc2dd ifitc 3¢ bastanest midhdialie cpeadiegtabi nvent i on.
Moreover, while the seal 10 illustrated herein is particularly useful in
the seni PEUsTELBrtharibansadideeniaris of thesah spaces need to be created, it will
be appar ot S o8] fn'%ﬁabdbhe seal
10 coul d%gﬁelggjsedmeflﬁ(r)%‘ﬁﬂl‘é&g(f aﬁllhdgssoq%%w%%ede%ﬂl %ﬁfﬁgesﬁgﬁ% For exanpl e,
t he seal ni;ﬁ)mfaauirﬂhgtmq:reﬁsuia-mchzad trie@alleseal pBeemethdd somypriss feauyngot metal

industry that requires the functionaljty.of the se eferrl ng
now to FisBet a¥taa &16’“5% 1rs grau ﬁiigelb %ié%s %B?’itﬂ?n'c’%@}%g@{ sgw?'i'lfl dnnul ar

I eg portign cdtfing ? sé&ﬁﬁ%‘ﬂn@lﬁf‘éﬁg@r T’h@gnd?eﬁrsﬁéé’?&a%a@fﬁe@&t@@@ﬁé@ﬁn&ﬂnneCt I ng
portion 16. The“first and second leg portions 12 and 14 are connected to
each ot hdomiiyg taehineniibe first gnpdartddge ofl Gietseal fipeuhim thesdéthl sheetanalag stch
Cross- sectlonal as best se in Fl Wr.es 2 ifically,
as seen iALES §alpfun§a§ﬁ1&r aX¥h 881&?8 élzf aa ?ﬂ%ﬁ“f%epﬁﬁfggﬁ ggan

annul ar ffbﬁﬁ‘9@ro%@sc‘!ﬁtlbhalﬁjr@ﬁ]ér&ltﬂetp&eﬁflret@féﬁglz&iame?a@lba seaPthatindludedla ext endi ng

radially fromthe flange 18 relative to the central axis Oin order to form
t he nodi fcmtwl@smd@la@rmm@sﬁrsb@mubnéﬂg poragreand[20wae)d aupelar despatan Pah, 20c

and 20d are arra und ed seal
10. The tSB&38%¢ 1056’86 #CFI%IH’EHB? g‘{ 2% g%lg%?%gares alr%%fa‘ r!agldgﬁrseg{‘;@gctl on
than adj aa@nThatst anmﬁaﬂe@pbﬁronfekaﬁgeﬁdﬁ thd hiet biabsf tROaent20portid@co amd 20d
are used to handle, locate and orient the seal during. manufacture_and

i nst al | atanawar fsbireegndwith thenferstianngleg cdge. Thedsimmulor legPosbon pasr A8t and t he

flange 18 r.ak.  axi t 10. Thus,
the | eg ﬁgﬁﬂ%o%snlvigg gg%gflf&tqu&gtérn%gig ‘?ﬁﬁgﬂl ?l%‘?orﬁlfge 3£ﬁ §fl nge 18 al |
ext end arnfouith dxikhds b tle seodnd et of thichenisdglortidh. THeaset@lisan?Olr 120b, 20c and
20d are C|rcunferent|ally spaced around the seal, 10, er%@ile tgg.flan e 18 is
cont i nUoPSTHIRH ESRIATERRFENER SEA 98 SUHECeJARE 1 8 SeorRd Highen dde SEOMd ¢ he

t abs 20a, fsB&s2 | 10
relative atn%&gr %E?ggg)af?{%e%ﬁ%ﬁl@tﬁ{?%@?%e%hg{e%hf%étr?gﬂ?h%hit]gbss ZOaQGZ%IE%fg%g and
20d. Due steordieg ammmngevmgmnaﬁnuladlmtgang@ndlag awtebtantielly phrellelta theplist a®0c  and
20d, a transverse center plane P divides the seal 10 into two asymetri cal
haIves The center plane P passes through the central axis Oand is
preferably substantially perpendicul ar to the central axis O The structure
of the flange 18 and the tabs 20a, 20b,420c and 20d will be discussed in
nore detail below [0046] As seen in Figure 8, the central annular portion
16 includes a first end 22, a second end 24, an outer convex connecting
surface 26 and an i nner concave connecting surface 28. The outer and inner
connecting surfaces 26 and 28 are curved surfaces. The outer and inner
connecting surfaces 26 and 28 extend between the first and second ends 22
and 24 of t he central annular portlon 16 The flrst Ieg portlon 12 extends

o, NN Y b1 o -




to the center plane P of the seal 10. In particular, a first sealing line
L1 of the first sealing surface 34 lies in the first sealing plane S-.
[ 0048] The second annul ar | eg portion 14 includes an annul ar second free
end 42, a second annul ar convex outer sealing surface 44 and a second

concave interior, surface 46, The second Eeal ing surface 44 and the second
i nt er i or S&QP{ seading plapewand ol frenythe seoend seabing BLaGR N 11 FEAHFCUS | ncl udes

t he annu e tabs 20a, 20b, 20c and 20d. The second

seal i ng gﬁ?@%@@ﬁsé%lgﬁgjs&%omthe second free end 42 of the second

annul ar [@Y9por tTheise 44l dthert digecte Cantureg nspe2®s anfl atihwntagen bf thle pagsaatl ar porti on

16 (i.e., fromt annul ar flange 18 to.the outer co ctin rface 26).
The secofy*8dgi Wﬂgbicﬁm‘a&@@arﬁﬁt tp i%&se iS]ﬁlhﬁd %@Bﬁﬁ %@éﬁieﬁgﬁ‘b‘]‘”ﬁlﬁge@e{l hat is
subst ant halck% BRI taldeq i Bshj@RA0E withl B8 &lﬂféx@é dfabv?n@?@ﬂsci%@es dpicRatdi cul ar,

a second sealing line 2 of the second sealing surface 44 lies in the
second sembbdigicpt oftbe BsenftG4Riionf the seal 10 is conpressed between the

annul ar surface A and when the seal 10 is
pressure energi zed, a S%ﬁﬁi)ﬁ%m%wﬁﬁ@gfﬁg/rgg& (not shown) are
formed thgdooli € RéFedri@ Jwt@tth@aehcﬁ@@&ad«ir%@%magfo@hm SHthrdig®al Thus, the

first and second sealing planes Si and SZ are preferably substantially
par al | el disglosagreh ot her. [0050] The annul ar flange 18 basically includes an

annul ar flat surface 52 and an.annul ar inner. f. - 4 with an
annul ar f@@@ﬁ ed elgB]i‘eLitlﬁg Sédéace N H?I?azglegn%y%gresésx eégn %%gct’ r@#@&gg‘%%ﬂ The
out er aneidwidelond Bdenfbll HraciRacbotdand with first pefarvdwntyodihan o€ thbSraseat
preferably substantially parallel to each other and substantially parallel
to the c&MeeHo| ane P. Moreover, the outer and inner flat surfaces 52 and
54 of th ul ag. : : odebs seal i ng
ol ane Sz 80 he Sigbief? i LAl pREG AGARNRR LRl oColiO 4Ry SEeRusPRL | 1
enbodi nediystrafed idFiputar af Viewege alb8g eéctivhéins @edotFikned , enih t@sekimstalsd i n a
radi al directiaon away fr_onf) central 'afln ular pertion 16 | east .as far as
the firstnfjoiat hehpeesn pait @lpanplay, i 833%%‘F €Y. 2 I ¥ TBER ‘W#@iﬁﬁe , the
annul ar f i.th the tabs 20a, 20b, 20c and 20d preferably extends in
a radi al Cl()j'?ﬁr]gﬁoijggtr}fyémy fromcentral annular portion 16 beyond the first
free end][@®230f tHRgufes 3¢ ah exfaggod,tjacin] §idle slevhtiorahviewhe aaimstdcanerfposieonends

surface 5 is |aocated conplete dj al. eyond e first .free end 32 of
the fi rsp?ﬂl?ggeﬂdﬁt‘%%dfﬁfﬁ%g%té#{ 2@&3415#%619#’&}% In1gS 17, [0051 1 The
second frepagnd iy RAABrRHNBE il d6sst REliHal HietvestithORrst ebrakd ve to

the remainder of the annular flange 18 in order to formthe tabs 20a, 20b,

20c and Podion|af thedseal idlubieatedior i guretdps voewashalengisechoreling 4-4tofdiigdrades 52 and

54 (i.e., t he_t abs .20a Ob, .20c.and 20d)..of .t he tend
radially [%@%nd liggreﬁgjlil%ﬁ]%laﬁ%?’tpsmbﬁ S{éﬁgi)eé%imﬂaé\?qeﬁ (gflnagge%g%éd.l(gafﬁ%s, t he tabs
20a, 20bpoRfin ikl LAviIRERLed AiyuRx l @nd 2rdditidel By i digs 5 ihBigusdj;acent

parts of the entire seal 10. The seal 10 preferably has a constant

cross- sedPi2al Eigaysed wraduriber ontprgrs paptials grossesesepial yievt ofdhe s5cqad SO%Rker e t he
tabs 20a, 20b, c . . T 20&; .20c and
20d pref @Pébqny()fﬁ%/see%rﬁi}éln ﬁ%(g{n dé@%ﬁaﬁ%é%vg%(géaa%se@%%ﬁ?% %?‘gﬁ‘ég?i Mor eover ,
the tabs [@0®)] 20Bigu9Q isaal eR@tked  warti] fderebdvhtione vicphed adily pepanedtder om each
ot her such that one of the tabs 20a, 20b, 20c and 20d iis |ocated at each
corner pdealiigpsiraed %E%lr?fels%nds%@ﬁmilﬁleqﬂ?%@faé“ﬂe PRdiBFEly the tabs 20a and

20c have i NgH: C r%gﬁi%;% I Iy i any case,
prefer abl[g(,ﬁ)fglt Iglgéﬁ %%oa?ﬂﬁt]h%gga S Q?fe%ﬁth%glgpgﬁ%foiz{%g%eaévegl an axi al
openi ng filismacdtih@igira? abbiesed abag sadtiondinetd @ of Bigere2Da, 20b, 20c and 20d
can have openi ngs. as needed and/ or desired. The opening 2 i.s preferably
sl i ght|y[Q‘|5)%§’rlgatE’c$}lr%£}S| TRGTBMBRIER VI WTQIQIBFW@P%BWG\%’@%P@@M shaped. O
course, | ] e H‘P%ﬁr ig.led inthe art fromthis

di scl osurntéant %Mﬁeﬂggﬁiﬁ%ﬁ@%%b, Zoegliagﬁd 20d can have ot her )

confi gur 4003js aRguool i afow diegtanclustatingshelmdthad dlaps fetasinudeptunmg the
exanpl e, s t her. nf i ations are discussed belowin reference to

ot her prﬁégﬁﬁﬁraéﬁﬂaﬁ%?ﬁgg&of the present invention. [0053] Preferred

di nensi ons of one exanple of the seal 10 will now be discussed in nore
detail. O course, it will be apparent-o those skilled in the art from
this disclosure that the seal 10 coul d have ot her dinensions as needed

and/ or desired, wthout departing fromthe scope of the present invention.
The di nensi ons di scussed herein are prior to any deformation of the seal 10
that m ght occur during installation. Preferably, the seal 10 has a
constant thickness between about 0.005 inch and about 0.020 inch. In the
illustrated enbodi nent, the seal 10 preferably has a uniformthickness of
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peri pheral direction with the annular flange 18 extending fromone | eg of
the C-shaped cross-sectional shape. [0058] The seal 10 perforns the sealing
function between the nmenmbers Mand N in a conventional manner, i.e., in a
manner substantially identical to conventional C-seals on the market. In

ot her words, the manner. in which the first and second sealing surfaces 34
and 44 f003lh seEipusdlvigaside levational siewsaferaessureengrezad. pretalliees ers M
e

and N, r th\vel ' : ' | A& HoRinid: e Pafhe seal 10
seal s w TG heals?l SRR ARy Srphd o MRRA R ink SPukNE TV
t he seal piddemiibientiont fi ed shape descri bed above achi eves the aforenentioned
objects of the invention in addition to performng a.reliable sealjng

function|08Rd cafiewe Irdhar sepiged gadivh loneaivdinpledosseegionsl e (F $9' ¢ he
present i ' é,? i ibs 1iRE #2-§5 3PIFYeuRe | DHARDIME Sedtner gi zed”
seal 10, lﬂgiéﬁ%rr%ﬁﬁ&?gl e g‘g%)sv‘g&%r(ﬁ%g},lg %e%gblzeaf 10 is dgélsi gned to heave a hi gher
pr essur e imtdkd e jdiscbataekna payr ainnonker, siktdly faing frefaced ofst part eldneniprssli nent |
hi gher pressure shaul d be located on the outside (i.e., radially outwardly)
of the s&3FEFOURER 1995Hs he hi gher pressure is applied to the internal
curved supiage O RIS i Hferdldrbsd, gﬁﬂﬁi $86 ORVatiRa] 1iBg oTulchakepoddnand 44
agai nst the annular surfaces A"and B. In order to be pressure energized, a
pr essur e thti fetkillostatedinddguren | bridi2 ientigeibyt the cirpled Silp Figael L Bxt eri or spaces

relative he seal .1Q0. This pressure_difference can be.cre by

i ncreas e&é(%ﬁissuﬁlgu%ﬁadﬁg-gﬁlbeé Fn@{geﬁy L CERE S lpoﬁlgg‘élﬁwg f?hee. %’ﬁga vacuum
on the obBAlonYfU schiNligbttA&] indag&e 18he vRSad aldhgWebtioritneel4- eLoi Mighye 13;
"pressureéeenergi zed". [0060] Referring mainly to Figures 9 and 10, a

pr ef er r ed09St hodFighresd A if arceniarigedy perial pide slsrtionahwieyiof agiderortion pithgeal 10
wi |l now_be.di sed. in r t.al .. f t.hod of

manuf act ﬁ?iﬁﬁlgust%r%éeasugg}guiﬁqﬁsﬁlgﬁ%éu‘%%ﬁgﬁ ég tﬁé{&ﬁé&%ﬁrﬂlﬁ conl!t’l fol |l ed nethod
rather thepscd nePigade I9EE A@drtiakicksk-se@ionel vibw i€t poradiesd thk sdaliiltuspatedi ded
such as in_aroll or the |ike. The netal sheet naterial T can be 300 Series
‘St ai nl esdn Etgueg 15 asndeved algog setioplisp 49 of Eiguahyot her material appropriate
for the heul ar ati Lt i : Ldrent, the
ot al Shoai g o EAft Y B o HARRL B of dprktfyol S EMEREIGATET, - |
bei ng f omieekbd abngcotensal adint acceidahceshides thicif profetrad cobedimentivBthe piesedtn be
used instead of a roll of continuous netal sheet material. In step S |00,
the met alM$RBSE naterial Tis fed into a sheet netal forning nmachine in a
convent| 30@89 mnﬁ%ﬁﬁel afi ARt eﬂ"jﬁﬁialﬁ@ﬁéﬂuﬁﬁlaﬂ%gﬁ-%ﬁbﬁalR/'ié%\t 8f @Blya1an _
automated cutting, feeding and progressive pressing -12 machi ne. Next, in
step S2006llustateden HigushE2hs vimived nlahg Fedtiondine 188 ftthautre { Revitmtherseall whi ch

wi || subse(‘H t ﬁ.be bent to f.or thF seal #O .remaifns V\,};th .z hgm‘rerekarls sheet
mat eri al Herlfe 1 AdoTpt Delweeth bt teannulap s tally facipe SEHACRR OL AR FHMPRIOEEt out .
This firgtarGH cdupdQdedipr™s the first free end surface 38 (i.e., a first
annul ar edge) of the pressure-energized, netallic seal 10 in the netal
sheet nat[803%A1 TFigheet 1%isasidslevationd vigveobapressire-andreizesl, magbepealgxt , in

dge for My Ames vofal SEH ReORERA LTE st B Blpa A SR Vot

mat eri al p'feslamjhb@til@ﬁ;ﬁme or nore automated (e.g., automatic or conputer
control l ed&4(§rogressi ve dies of the sheet nmetal form ng machine. This

bendi ng df04te nEigare Ahisan eptargedipartiah longitda! apepsectioRyl Vg obtgisgal

Cr 0Ss- segfd | - ' ] - Iy T | 360 $16AdeaL O

descri begh%?%\%g 1??%'& é ?% %éewtggﬁ? E%ﬁﬁgﬁﬁ%pg@%ggr%ﬂ?%ﬁ 1%%%:6}? h{gﬁ?i rst annul ar

| eg port ijeNalled inatjbint bawken & paiaohanatar caxmalxasieglsutigees of & asie oBhembad t he
second annul ar leg portjon 14 with the second annul ar convex sealing
surface 4Byt argxepupird to8&hend operation (or nultiple bend operations) of
step 5300, the Iy i rmﬁgaé i t T PREPERREM ENSIMER TGl t he net al
sheet materi al I?E?%QD the %%ggggﬁgnnul ar leg portion 14 is still attached
to the wgbo4l] t hBeleettdbmbbdietentsatiehd micscht inAkttem whkndve hdiexplaioedpitB300, t he

artiall ormed seal 10 of_the. netal sheet terjal . T ten out war dl
£ om t he THIEEG (7t (e RE-HBgs Tt SRLBE SRRiretiiohose S fieh i Rt from Hik f ep $400. a

second or final cut is nmade in the netal sheet material T to conplete the
seal 10. Thus, this final cut separatefthe finished seal 10 fromthe
remai nder of the nmetal sheet material T. Accordingly, the free end 42
(i.e., a second annul ar edge) of the pressure-energized, netallic seal 10
is formed. During this second or final cutting step 5400, the axi al

openi ngs 2la and 21c are preferably also cut in the tabs 20a and 20c,
respectively. Preferably, the cutting steps of the nethod are achi eved by
aut omat ed punching or the like. [0063] The bending of step S300 is
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-14 enbodi ment. Thus, the seal 210 preferably has a maxi num
cross-sectional wwdth that is |less than about 0.23l inch (i.e., the overall
maxi mum cr oss-sectional width W,ax of the first enbodi nent) at the
corners. O her than the coners where the tabs 220 are | ocated, the seal 20
has di nensions identical to the seal 10 of the first enbodi nent.

Pr ef er abHipclogre tha ghe follpwiie dep@intigns obthg embedigats of iheptesant {PVEYBAF ng

openi ng - - . j £i , or tngl udes an
ki al 1y B AERRERlch 8 ko B CbubPs AOFRIAEMARGELA L Yohtd

pr ef er abby tHeatppeiticdslAms apthegrededakhst that is open in the radially
outward directiaon. Each of the tabs 220 _has a snal an iffere overal |
shape t hiiP4ehe tBeferpganitishyio Iﬁ@&f@éﬁ&ng B? Bﬂre’faélweseﬁi fpa ‘f?Fgfr‘?Pa‘tﬂ‘[‘%oes]

The seal ,2dfhofafiaBdSbGaE kohl TH UG EH JSirBghct RGuE HPQnE‘@cﬁﬁl%thﬁldP@bOVe in

i
reference to the seal 10 of the first enbodinent. However, it wll be
appar ent pteserttmsatiski Theskal h0 ishecfarablst dvamstrodied wangd miedrodiof gnamsBigiwniag

descri bed above woul d have to. be slight.l ified (i.e, , .restool in
or dor 1 0T ERHETRNT th APt SHE O RS Saeion 6 ooty it s
second cyid 0% E&sfed 856 HRGHRPOE DM fbibSFoandREin 4 &d] BiReth Opaitlof | n
order to create the nodified tabs 220. TH RD EMBODI MENT [ 0069] Referring
now to Fingurhess N7andidl ¥V®re specificaldy, it sopl 1Y sesunaulensealiestmed énscaBa paif n

accordance with.a.third enbed nment e _present, ntion: Wl be
ol a not ALY pRinedngiaf REREH Rand HolrafoRRin At S Meeltvth ' WERK o
parts of tﬁehs%alfiUi%EllL%ﬁ’@@diagBﬁhg%ﬂei’nalﬂz pisvieriveti e wslaBe el an enttesaskikedl s as
the parts of the first enbodi nent. The seal 310 of this third enbodi ment is
basi cal | yn thgeritfrapathis diselpeure gt thegealf 10 qenld be pterpsilyguesyuigcd. asdisprsidhe seal
310 is design i nt d i : her words, the
seal 310%§11p gﬁ‘ﬁﬁg}fgﬁfgﬁ% @%@3?#@%@%@%@5@8?2@5 g%grslﬂslﬂ‘s/%{é{a?bnal shape such
that the[@eadl 31Dhecmstalie sciltlerinpldfstalply eabdargiatin escinzathy sikpeth@dth seen in
Figure 18. In view of the simlarity between the fiLst, and %t}gb;d

enbodi mefRuRded RPTECHSIH VEENSHRNS AT 4X1s Aot The the sl X BPTEREPEF 9| ust r at ed
in detail.; | t I 11 NG; 38 SELERLL-0NS,: i t Lons wil |
Focus. mar ET e e e B A e b ' st
enbodi nmeskilledacihe ditrfginy jhis disvibddre bat dppasiditcottl hdvosarisisidthed in the art

fromthis disclosure that t escriptions and,ill rations of. the first
enbod me AP SH I e D e SpoemaR e sl ThESUS SRR SR anc

i1 ust r apgek hes@idbr ah@REPdonHE 587! asFLaddRifR ibirddNEd LSS Sedubtisdie@nnul ar
|l eg portion 312, a second annular leg portion 314 and a central annul ar
portion ®iéccoikiecd with theprasentinvemipnp dvioiconer3while e sqal-1D51lusteptesskereads i onal
shape identical the,first annul ar |e rtion 12 of the fir nbodi nent ,
except t R&UE “ﬁ?ﬁ%{ﬂ“ai ¢ F%@"‘f%ﬁﬁ%’fﬁﬁ%’@%ﬁ%ﬁchqugh?pgf ?‘queﬁ&\%ﬁ%ll y fromthe
central apatddaf vARbkiapParddkfe thasEkkiAEd M the BE FPACANTIiIANSrathat 8@ seAri on 314
has a cross-sectional sha(g;; identical to the second annul ar Ielggiortl on 14
of the ficpald benisedinmther industsstes nersed andiaudesitad Her $xagpbothe swal Hheouwddt ends

radially. . inwardl.y fromt I i t he. ond
onut ar P BeRt R SR R Y BRSA RS URErelhBey R e bR RET
flange 34& aving a plurality of tabs 320a, 320b, 320c and 320d. The tabs
320a and 320c have axially extendi ng openings 321 a and 321 c¢ forned

t herei n, [P@ddect Refemng novetor Figwge 4.3t ank$dhe srsl { @ hesiegdlyancladesis firshoc and
320d ext ' i Ot I [ 4

t owar d t%ﬁﬁgéﬁgggkh%QHEE%ﬁ%%X?%e seépgg%ﬁgﬂp%agg g?ﬁégéggPﬂgﬁgggﬁﬁﬁﬁhr

fl ange 318. Theliagiandlséoond danpdrtiads 12oankine @e omiracted kacgph otigerdly thdrie fir st
enbodi ment, except the annular fl e 318 extends radially i rdly. O
course, CPIRGCHNE Bertiopdarie Eqmt %ﬂl@ﬁ@@g (sRhape arqswqﬁleng al?% aﬁﬂ%& peenin

di scl osun i ROSS i G t needs
fo be ol TORETy rod T ed Re Franpar e arERufs | 38 s ShodntaBORoriER
accommodatduddsennerdasdahgedBsviBOplurdRp bf 1aB2Déa, Ak, 2820dd 2PdexiEndiMEe seal

310 is basically manufactured using the nmethod descri bed above in reference
to the seal 10 of the first enbodi nent. However, it will be apparent to
those skilled in the art that the nmetal form ng machi ne descri bed above
woul d have to be slightly nmodified (i."€.- re-tooled) in order to create the
nodi fi ed shape of the seal 310. In particular, due to the reversed
arrangenment of the seal 310, the first annular edge (i.e., a first free end
surface 338 of the first annular leg portion 312) is noved axially and
radially inwardly relative to the central axis O of the seal 310 during the
bendi ng of the portion of the netal sheet material such that the first and
second annul ar leg portions 312 and 314 extend inwardly fromthe central
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410 of this fourth enbodinment is basically identical to the seal 210 of the
second enbodi nent, except the seal 410 is designed to be internally
pressure energi zed. In other words, the seal 410 of this fourth enbodi nent
has a reversed cross-sectional shape such that the seal 410 can be

internally pressure-energized as best seen in ure _20. vifeq\é\{é)f t he
sinmilari F@;ﬁh%b{mnhftﬂ@l% Saplativmie the et @%@dp&é%réo Ctrmtée o C-
enbodi e ssed and/or illustrated in detail herein.

Rat her, %)\é’{;{ +‘13§§é"#§ﬁ riptions and illustrations will focus mainly on

t he diff ¢o®@idges Ti&atwh@mat hils 2Doand ROdakadingsdtat drdotidedseomdofghbodi nent .
Accordlngl e_appa to those skilled in the art fromthis

di scl osuf® %ngafar\éﬁ?@e@é@éﬂ pﬂ;‘ Saﬁ%l 21%181 %f?t%ngt%ogﬂ?@?ﬁt 1clﬂlﬁé@ré‘éﬁliig’rﬁléu'f"rpenbodl ment
al so appld}feétfbnttﬂénsa& St B QTR Yian g A8 Tho fbs QURI0LIER AAcholtlkast 1 at ed
herein. [0073 %ea 410 basically includes a first annular leg portion
412, a sesaiid ha:mdiﬂ,l lacatt egl et itwrscdlidiriagdnanubenire abd atallkigon. pTiTetlﬂg)n 416.

The first annu ortlo 4| 2 1as cross-sectd onal. sha i cal the
Tt anporans 12 SR Rofonsting Frit LE sl PE ThRGT TA-AE 2 spaanfid 8% r oy
annul ar k}%eﬁﬂﬁltdxﬁ)sro%%ﬁle%meﬂmdSrHua%@he!gmdnﬁmndla)ﬁdfmonibfcbﬁle@ﬁﬂg p@duoannul ar
portion 416. Simlarly, the second annular |eg portion 414 has

cr oss- sedfiaphdie fangp &8 il entend around theeniraloodO & thel sgal ]loedfl}?dﬂltﬁ?&ﬂ Wy of

t he seco nment e t he second.annul.ar. | ork i 14 extends
G Ty 30 GEPAR AR Pl e RN e RE AR PN 0, Efle BR AR 183 CXL o0
annul ar  kegifkens h:[@ﬂn&’rﬂﬂ: g6t GGl e D f BROLRHAIC . 'ER fRitde 44 dndMiielalisR(AN2AH, ar

fl ange 418 havin plurality of tabs identical tabs 420. Each of the tabs

420 pref Papnd2 @craﬁseamléllty W%Sitf@@éﬁ Qfgh@whil%g@atmﬁo pérhesd vithentdhe
Pr ef er abl h
1 ange. 8nah i e Bos 5000 &by RS Rl pdRAR oM gt 25 and e

annul ar klegalpoZ(a, 20b Qméaﬁwﬂw,dttalﬂ@@ﬁﬁeh&k phité § dvidés thbeegaalintdi®o |1 n ot her
wor ds, the annul ar £l an%e 418 is basically identical to.the annular flange
i Q%ﬂ%ﬁhéﬁeqqﬂi

218 of tRYYBEHKA haktssd H%ﬁ%nteréal%r@plf Pesges Al iuPand i ends
radially l' Elglsﬁb gtlaﬁg'}ﬁ'éﬁ)%ndlk 1atMd the PE1APRAL @thI‘LanIu @oﬁﬁb Il 18” the
art fro i°scl osur at the crosssecti onal ape o e annul ar

fl ange 4ﬂiﬂdﬂeetai$ 202, Mb, 80¢ gint 20d wilbhd diechssed ih heore daterl belofv. t he seal 410 in

order to_accommodate th revr edta 0074 se | S
basi cal | &%iuf a‘gf SeBd HigURgS; tt E “ieésP&‘L ]186188%”}&1' ‘g%jeﬁce to the
seal 10 Qfcohfend by Sin &@Q@h@%ﬂnb&‘ﬁ%\éﬁﬁme‘ 46 Mdl 3n iREer2BRANE %nﬂe‘éhﬁ@os €

skilled in the art that the nmetal form ng machi ne descri bed above woul d
have to befaiei2§htlhg omtsd uamﬂ anhe( ¢onsectingsutiootsélf)and 2 8owalewrvedswiasas. eTiche

nodi fied s eof thes I due .t o.t everse

ot angenghE: B Phe Soarcimagtripirs PPl s skt b s Cid QisiEats o
free endagqypf aeet3SrAfankil8r pdrtish 16NTHE Bfst |@PoBiRr 1208k 14dd)rdns tHEeknaxi al |y
and radially innmardly relative to the central axis O of the seal 410 during
t he bendi2Rgf8dfe qen@almnuhabwmﬁntlﬁewmmb setonddegparben & extgads fromthe he first
and second. a ions, 41 414 extend inwardly fromthe
central &annu ?g poP*r % slgr 31)8 ?6d| rection toward the central axis
O Addi t ool !y, Tlﬁd’lﬁrsfar[tﬁllar%glidrﬁ@l OZ Gétisleftin anduddhifakt fre@Cadi3ana fiwit her from
the central axis Othan the second cutti n(% rat her than closer to_the
central arpdarsonyey putehweaking sirfaspBo apdr frst cpowy s ntap@ supes36f Thielitke such
as "subs i 3(?% . - a
reasonablggc{ﬁalﬁ%hﬁ%!C %BQH‘% |sgnlﬂ%l?&gﬁﬁgergo ?e%rvte @?m s%ghlﬁﬁ%g%&tsi%ﬁgnd

resul t i surfade M@mnﬂs frant thy fichidrgedd 3Fof thexaninanlat l@qmrtﬁ@r s toctha fibs

construed gs i ncl udi nﬁ a deviation of at least t 5% of t termlf
@? ﬂ%If

this devicf FoAT HiswrarHsnniHagRaEon ke UrfedA g e ORBecHBE FuitRe 8drst[ 0076
Wi | e onlye3& &%8@3@&1@6’%@%&%&%&%@@&& GO thOfiksk Hﬁﬁléﬁ%@péﬁ%m@ﬁesem
invention, it wmll be apparent to those skilled in the art fromth

di scl osurt@therfa“st mdrmmfmmngmnahdpmmmlﬁdae | orthe Taer btamlmi‘dg shlef‘de«i: n

wi t hout e of the inven io s.defined
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to circul ar seals also, i.e., acircular seal with tabs and/or a flange.
Furthernore, the foregoing description$-of the embodi ments according to the
present invention are provided for illustration only, and not for the
purpose of limting the invention as defined by the appended cl ai ns and
their equivalents. Thus, the scope of the inventionis not limted to the
di scl osed enbodi nents. -18 VWHAT IS CLAIMED | S: A pressure-energized,
netallic seal for sealing axially facing annul ar surfaces, conprising: a
central annular portlon extendlng around a central axis sald central
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sealing surface lying in a second sealing plane, said second free end of
said second |l eg portion having an annul ar flange extendi ng substantially
parallel to said first and second sealing planes and offset fromsaid
second sealing plane in an axial direction towards said first sealing

pl ane. 15 2. The pressure- ener%lzed metalljc seal accordjng.to c

wher ei n §aihg cafauplane P ragsedlUs dn natiselon @ frplegalinpimed erdhe firs! %FaL%%h al
](cjl recti O@m%?ﬁlfl%gq%ﬁﬁfﬂst%%ml{ kﬂ?er@ul ar portion at |east as far as said
irst free en X

pressur e- energlzed nmetallic seal according to
claim 2, [9048i ei rTlsededoraiarinh: bt Ie‘gllmfrgrm bf inshides sreamnthr kead dred enddl,udes at
| east one radially extending t ecting further in said radial
di rect i 0ACORY ANHHALLOBNEX PURE 2 8% e 4 a pecpd Fopeave inteppy surface 46.
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I ncl udes an axi al opé&ning forne t erein. e pressure-energized, netallic
seal accoeainddiet end HAinoldies \ﬂ;twnau}ar Sangt hSadmdlt}n@tahﬁié&a afbollerang RB&dThe ot
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a plural bbbtm‘ﬂflﬂt@%@éel:&ncﬁéﬁdeﬂddﬂiﬂe t a1 Rl phitita 1f6'~(ﬁ thebrd thaamadiracent
parts of “said annul ar flange. The pressure-energized, netal lic seal
accor di ndlange B3 t@ithe eutenpanneiting surface 26). The second sealing surface 44 lies in a
second sealing plane S, that is substantially parallel to the center plane P of the seal 10. In
particular, a second sealing line L, of the second sealing surface 44 lies in the second
sealing plane S,.
[0049] If the seal 10 is compressed between the annular surface A and B of the
members M and N and/or when the seal 10 is pressure energized, a pair of conventional
sealing dams (not shown) are formed that lie in the first and second sealing planes S; and
S2. Thus, the first and second sealing planes S; and S; are preferably substantially parallel
to each other.
[0050] The annular flange 18 basically includes an annular outer flat surface 52 and an
annular inner flat surface 54 with an annular free edge of the second free end 42 extending
therebetween. The outer and inner flat surfaces 52 and 54 of the annular flange 18 are
preferably substantially parallel to each other and substantially paraliel to the center plane
P. Moreover, the outer and inner flat surfaces 52 and 54 of the annular flange 18 are
preferably offset from the second sealing plane S, in the axial direction toward the first
sealing plane S;. In this embodiment, the annular flange 18 of the second free end 42
extends in a radial direction away from central annular portion 16 at least as far as the first
free end 32 of the first leg portion 12. More specifically, the annular flange 18 with the
tabs 20a, 20b, 20c and 20d preferably extends in a radial direction away from central
annular portion 16 beyond the first free end 32 of the first leg portion 12 such that the
annular free ends surface 56 is located completely radially beyond the first free end 32 of
the first leg portion 12, as best seen in Figures 3, 5 and 7.
[0051] The second free end 42 extends outwardly in the radial direction relative to the
remainder of the annular flange 18 in order to form the tabs 20a, 20b, 20c and 20d. In
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said plurality of tabs are peripherally spaced from each other. 8. The
pressure-energi zed, netallic seal according to claim?7, wherein said
annul ar flange of said second free end includes four of said tabs. 10 9.
The pressure-energized, metallic seal according to claim8, wherein said
seal is substantlally rect anguj ar shap

d al
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have an a orne t herein. he” pre sure energi zed, netallic
seal accahds,rige tabs 2@@2%,&00%@%& pre&m‘tblyasitend vaaliadfy fgla;h@t thab@ijmtepaéiﬁ open

ended slot forned therejin. 20 12 ressur e-ener zed tallic.seal
accor di nﬁ%{hﬁ cehLg S‘r‘?fllll(?J \?\#@rsﬁ?r}oﬁ?ﬁr@i’é asfconstant flags; ftﬂ%ﬂai é}F 4 PXp a s
transver $eePs x8§% hi ﬂa@%bn@fsq{:ﬂér@m&a% FMEEhY, D0RaREIGdARE Ikhtedi r ection. 13.
The pressure-energi zed, metallic seal according to claim1, wherein 25 said

central peion, Tlmtabb 2Ga; 26b,128¢ apd2ed prefeastly bavaidsetivehendr dijshspes asghemr e
o et O kB OB 58 AP BTG bel e e e
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said central axis. 15. The Eressure energlzed netal lic seal according to
cl ai m 1, portioneasplsolgest seen in Figure 1. Preferably the tabs 20a and 20c have openings 21a

and 21c formed therein, respectively. In any case, preferably, at least two of the tabs 20a,

20b, 20¢ and 20d have an axial opening formed therein. Of course, all of the tabs 20a,

20b, 20¢ and 20d can have openings as needed and/or desired. The opening 21a1s

preferably slightly elongated, while the opening 21c is preferably circular shaped. Of

course, it will be apparent to those skilled in the art from this disclosure that the tabs 20a,

20b, 20c and 20d can have other configurations and could be identical as needed and/or

desired. For example, some other configurations are discussed below in reference to other

preferred embodiments of the present invention.

[0053]  Preferred dimensions of one example of the seal 10 will now be discussed in

more detail. Of course, it will be apparent to those skilled in the art from this disclosure

that the seal 10 could have other dimensions as needed and/or desired, without departing

from the scope of the present invention. The dimensions discussed herein are prior to any

deformation of the seal 10 that might occur during installation. Preferably, the seal 10 has

a constant thickness between about 0.005 inch and about 0.020 inch. In the illustrated

embodiment, the seal 10 preferably has a uniform thickness of about 0.012 inch £0.001

inch. As mentioned above, the seal 10 preferably has a constant, continuous, cross-

sectional shape, except at the corners where the tabs 20a, 20b, 20¢ and 20d extend radially

outwardly from the flange 18. Moreover, the central portion 16, the first leg portion 12

and the second leg portion 14 are preferably constructed together as a one-piece, unitary

member.

[0054] Of course, it will be apparent to those skilled in the art that the seal 10 could be

constructed by welding two halves together along the central plane of the seal. Preferably,

each half of such seal would be manufactured in accordance with the present invention.
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said seal has a non-circular shape as viewed along said central axis. 16.
The pressure-energized, netallic seal according to claim1, wherein said
first and second annul ar | eg portions extend outwardly fromsaid central
annul ar portion in a radial direction away fromsaid central axis. 17. The

re - I zed, talljc. I [ 1 laim1 [ id fi
s iR et G S R R 8 R R
portion kf,anikadk géal g'rg Pge?%rhﬂg} h%??!("f‘?%rél@ieﬂg&@%&“ Mo iigched Qikf théseal 10

pressure-energi zed, i c’sea or sealing axially facing annular
sur f aces prefonpyihes agoveazlt wndth & ofaout 3k ipnbes. | Bre length Adimbthamodihd’ arccent r al

axis, said cen | anpul aJ. .portion havi a.first .end and a.second end; 15
a first E}fr‘ﬁiﬂf%‘i g%gﬁerb@?ﬁ%ﬂ?yewgn 'gﬁboétﬂgﬁ?aéi{) §-54 5L ee@noé)p%m%gﬁ? S((:)gnt ral

portion R ceraBidxonhédil shife® et thé@dntkal dfnsitar poRIENAG).| agebrdoten havi ng
a first annul ar convex sealing surface lying in a first sealing plane; and

a secondperiien] te seaddOpes in ipncrasdivnef agvatishigad ansutsmdiesrf WFvalyr &acent r al
portion :][ﬁa ?Iglr%le ga%guds off rcglgraﬁlgng {Ril ?sgjrgfe%%;g%%ug ?ﬁg& ﬁ{chl @ﬂll@f%z?lu?e? rz%}ﬁllﬁ Ji9 a

second a onvex sur I'n a second seal1ng pl ane,
sai d secondafk€R, BdedRBIyUboat 0.86@Fichone radial ly extending tab projecting

further E&%%]adLﬁﬁﬁgélﬁfrts of said seal. . )
preferably has a varying maximum cross-sectional width Wiy

around the seal 10, a minimum cross-sectional width W, around the entire seal 10, and a
height H around the entire seal 10. In other words, the seal 10 preferably has a constant
minimum cross-sectional width Wi, around the entire seal 10, and a constant height H
around the entire seal 10. However, at the corners, the maximum cross-sectional width
Wimax increases. Specifically, the maximum cross-sectional width W, is about 0.060
inch around the entire periphery of the seal 10, except where the tabs 20a, 20b, 20c and
20d extend radially outwardly from the annular flange 18. At the tabs 20a, 20b, 20c and
20d, the maximum cross-sectional width W, increases from about 0.060 inch to about
0.231 inch. The minimum radial width Wy, is preferably about 0.055 inch around the
entire periphery of the seal 10. The height H is preferably about 0.062 inch around the
entire periphery of the seal 10. Thus, the height I of the seal 10 is larger than its cross-
sectional width except at the corner portions.
[0057] The outer connecting surface 26, the first convex sealing surface 34 and the
second convex sealing surface 44 preferably connect to each other to form a contiguous
outer curved surface with a constant outer radius of curvature. Similarly, the mner
connecting surface 28, the first interior surface 36 and the second interior surface 46
preferably connect to each other to form a contiguous inner curved surface with a constant
inner radius of curvature. The outer flat surface 52 preferably extends from the second
sealing surface 44 about 0.010 inch, except at the corners of the seal 10. The axial
opening 21a preferably measures about 0.085 inch by about 0.125 inch, while the axial
opening 21¢ preferably has a diameter of about 0.085 inch. In any case, the seal 10

preferably has a substantially C-shaped transverse cross-sectional shape as viewed in a
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19. The pressure-energi zed, nmetallic seal according to claim 18, wherein
said tab includes an axial opening forned therein. 25 20. The
pressure-energi zed, netallic seal according to claim 18, wherein said tab
i ncl udes an open ended slot forned therein. 21. The pressure-energized,
nmetal lic seal accordlng tQ claim 18, wherein 30 said second free gnd of

sai d secBr@Phery) dgsstiqnowith e apaelar ﬂalmedﬁaﬂxrqnghnafﬁ%an%lw 86 eibesg t abs

proj ecti adj acent parts of said seal. -21 22. The
pressur elalg)rslgegéctuQfﬂ Sh%%nal lic seal according to claim2l, wherein said

pl ural it yowR] t abEheavcel Hepdrfaines il sgalénpaihectidn tetweacthe otchers M3ind This a

pressure-energi zed, netalljc seal accordin claim22 V\/n 5 said
second f FRRERHANAMARLETL & elighgamisy S%F@P dﬁ%‘iﬂi@bj&%ﬂa&mwﬁé eels Pabs. 24,
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seal is substantially rectangular shaped as viewed along said central axis

Wit h oneand 44 &irth 4 sdakbdtweat thd anbulessinfacerdend Bd tl%mefﬁhers M and N,
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| east two of said tabs have an open ended sl ot formed therein. 27. The

pr essur edesvabed Zurre aplieeds| the aforementionert ehjegis elbthe linvientian ingdditiondosai d seal

has a subgt-anthal i S REReIRhERRS YRS 2% & RRimatkl R nsbiRh ul © as Vi ewed
accordance with the present invention.
[0059] The seal 10 is preferably a "pressure-energized" seal 10, as mentioned above.
Thus, the seal 10 is designed to have a higher pressure area located radially on one side.
In the illustrated embodiment, higher pressure should be located on the outside (i.e.,
radially outwardly) of the seal 10 such that the higher pressure is applied to the internal
curved surface to press the first and second sealing surfaces 34 and 44 against the annular
surfaces A and B. In order to be pressure energized, a pressure difference needs to exist
between the interior and exterior spaces relative to the seal 10. This pressure difference
can be created by increased pressure on one side, or by decreased pressure (e.g., a
vacuum) on the other side. In either case, the seal 10 will be effectively "pressure-
energized”.
[0060] Referring mainly to Figures 9 and 10, a preferred method of manufacturing the
pressure-energized, metallic seal 10 will now be discussed in more detail. Preferably, the
method of manufacturing the seal 10 is an automated or computer controlled method
rather than a manual method. First, a metal sheet material T is provided such as in a roll
or the Iike. The metal sheet material T can be 300 Series Stainless Steel, Inconel X-750,
Waspaloy, or any other material appropriate for the particular operating conditions. In the
illustrated embodiment, the metal sheet material T acts as a carrier for holding the seal 10
as it is being formed. Of course, individual sheets of metal sheet material can be used
instead of a roll of continuous metal sheet material. In step S100, the metal sheet material

T is fed into a sheet metal forming machine in a conventional manner. The sheet metal

forming machine is preferably an automated cutting, feeding and progressive pressing
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in a peripheral direction. 20 28. The pressure-energi zed, netallic seal
according to claiml1l, wherein said central portion, said first |leg portion
‘and said second | eg portion are constructed together as a one-piece,
unitary menber. 25 29. The pressure-energized, nmetallic seal according to

claim1l1l, wherein said seal substantial ly rectan haped. W t h ded
comers a¥aghiageex) shyjer %@me;%sh%g(p@ter%b Tispid Sg‘ﬁb@% “%Mi‘ ounae
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shape as viewe sal central axis ressure-energi zed,
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annul ar I ortlon end o t war dl id tral [
a radi al T FEE CNG AT z%a?%f(%w s ffhepressyrc-giteigi g BefiuOsh i'rginz'eg,

metal lic 1@%@&%&%@5&%&&& "[ethQB éxtenwbﬁfo@h@t&aaeﬁumla&%to and second annul ar
leg portions extend inwardly fromsaid central annular portion in a radial

di rect i of0@6dhar dVex) id stprii308) pragiessivaBendmgmperatidns firerpgriafraed: ufretegpbly,

or essur e oner gized, R ALL 6, SeRly PIREL 3L000r 12, GAUOD AulfEh A byfget
by one or more automated (e.g., automatic or computer controlled) progressive dies of the
sheet metal forming machine. This bending of the metal sheet material T of step S300
forms the basic cross-sectional profile of the pressure-energized, metallic seal 10
described above (i.e., the central ammular portion 16, the first annular leg portion 12 with
the first annular convex sealing surface 34, and the second annular leg portion 14 with the
second annular convex sealing surface 44). During the bend operation (or multiple bend
operations) of step 8300, the seal 10 remains intact with the continuous web of the metal
sheet material T. Thus, the second annular leg portion 14 is still attached to the web of the
metal sheet material T. After the bending step S300, the partially formed seal 10 of the
metal sheet material T extends outwardly from the plane of the metal sheet material T.
[0062] Next, in step S400, a second or final cut is made in the metal sheet material T
to complete the seal 10. Thus, this final cut separates the finished seal 10 from the
remainder of the metal sheet material T. Accordingly, the free end 42 (i.e., a second
annular edge) of the pressure-energized, metallic seal 10 is formed. During this second or
final cutting step S400, the axial openings 21a and 21c are preferably also cut in the tabs
20a and 20c, respectively. Preferably, the cutting steps of the method are achieved by
automated punching or the like.
[0063] The bending of step S300 is preferably performed using one or more
progressive dies that are automated for consistency and accuracy. In other words, an
automated progressive pressing operation is preferably utilized in bending the metal sheet
material T. The cutting of the first annular edge (i.e., the first free end surface 38) of the
pressure-energized, metallic seal preferably occurs before the bending of the portion of the
metal sheet material T. Also, the bending of the portion of the metal sheet material T
preferably occurs before the cutting of the second annular edge (i.e., the second free end

42) of the pressure-energized, metallic seal 10. During the bending of the portion of the
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cutting a first annul ar edge of the pressure-energized, netallic seal in
the nmetal sheet material that extends around a central axis; bending a
portion of the metal sheet material to forma cross-sectional profile of
the pressure-energized, netallic seal that includes 15 a central annul ar
portion extending around the central axis, the central annular portion

Pavi ng ametal sheebmatesiall dhe s apndarcedge (g rthe fiesh fae spd s cgéﬁlqsaw‘féﬁt endi ng
romthe_f.i f: 1 | ' eerend with
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annul ar HOEYEX Sealsedferii, Htacllbyingglifentienal tatst "mdmllynaxidly, ptepleraland a
second annul ar leg portion extending fromthe second_end of‘ahhe cent ral
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seal i ng girface Ly Qnérﬂbdé er%ge?l@ _apélfi’lﬁ%l; cefifdfl 264t AddBrBnSeGARtheARBhar edge

of the pressure-energi zed, alFFic seal 1n the netal 25 sheet material to
form S sﬁﬁremti)brf. rfta@:oﬁil:iﬂglgjthEMemm; anatilized tgpdesciibathiegpvésayt iaverdionshewld f | ange
extending substantially parallel to t first and second sealin | anes and
of f set fg%mf?rﬁ@t@éégﬂag%%}? Pﬁ‘&erparxéﬁﬁ’nﬁﬁ‘ea{ﬁesg% Wvei9Pect i on towa?dg t he
first sealing plane. 34. The wrgiingdehiBamuiaeipring the

pressure-energi zed, netallic seal 30 according to claim 33, wherein the
bendi ng Bi065he Ruferriog now to Fégures bl-16 mawessnetancigited ssalgdOfip epeagdanse ng an

with a second embodiment of the present invention will now be explained. The seal 210
of this second embodiment is identical to the seal 10 of the first embodiment, except the
seal 210 includes a plurality of (four) modified tabs 220. In view of the similarity between
the first and second embodiments, the parts of the second embodiment that are identical to
the parts of the first embodiment will be given the same reference numerals as the parts of
the first embodiment. Moreover, the parts of this second embodiment that are identical to
the parts of the first embodiment will not be discussed and/or illustrated in detail herein.
Rather, the following descriptions and illustrations will focus mainly on the differences
between this second embodiment and the first embodiment. Accordingly, it will be
apparent to those skilled in the art from this disclosure that the descriptions and
illustrations of the first embodiment also apply to this second embodiment, except as
explained and illustrated herein.

[0066] The seal 210 basically includes a first annular leg portion 12, a modified
second annular leg portion 214 and a central annular portion 16. The second annular leg
portion 214 is identical to the second annular leg portion 14 of the first embodiment,
except the second annular leg portion 214 includes a modified second free end 242 with a
modified annular flange 218. The second free end 242 of the second annular leg portion
214 is identical to the second free end 42 of the first embodiment, except that the second
free end 242 includes the modified tabs 220. In other words, the annular flange 218 1s
identical to the annular flange 18 of the first embodiment, except the annular flange 218
includes the modified tabs 220.

[0067] The tabs 220 of this second embodiment are identical to each other. Each tab
220 has cross-sectional width smaller than the tabs 20a, 20b, 20c and 20d of the first
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aut omat ed progressive pressing operation. -23 35. The nethod of

manuf acturing the pressure-energized, netallic seal according to claim 33,
wherein the cutting of the first annular edge of the pressure-energized,
netallic seal occurs before the bending of the portion of the netal sheet
material; and the bending of the portion of the nmetal sheet terial occurs
bef or e t Babedimenhgllym, hrsead 240 nepferablyibas 2 awganyn 0{%@-8%@%\?@@@@?1@ zed,

metal ! C1638Man a8Sue ol B RS 1 oVXRIHILAGHIM 8:J N8 HRLE SAUhAVENRE ez o0,

nmetallic se according'td claim ein the cutting of the second
annul ar @egembbdinteat)pit @xsoshtere N@thgt thad thenmibadrd whereelad tabe 22 sreddcatedy adi al

position such that th nnul, Tl f th df t end
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than the tabs 20a, 20b, 20c¢ and 20d of the first embodiment.
[0068] The seal 210 is basically manufactured using the method described above in
reference to the seal 10 of the first embodiment. However, it will be apparent to those
skilled in the art that the metal forming machine described above would have to be slightly
modified (i.e., re-tooled) in order to create the modified shape of the seal 210. In
particular, the second cutting step described above would use a modified punch or die in
order to create the modified tabs 220.
THIRD EMBODIMENT
[0069] Referring now to Figures 17 and 18, an internally pressure-energized seal 310
in accordance with a third embodiment of the present invention will now be explained.
The parts of the third embodiment that are identical to the parts of the first embodiment
will be given the same reference numerals as the parts of the first embodiment. The seal
310 of this third embodiment is basically identical to the seal 10 of the first embodiment,
except the seal 310 is designed to be internally pressure energized. In other words, the
seal 310 of this third embodiment has a reversed cross-sectional shape such that the seal
310 can be internally pressure-energized, as best seen in Figure 18. In view of the
similarity between the first and third embodiments, this third embodiment will not be
discussed and/or illustrated in detail herein. Rather, the following descriptions and
illustrations will focus mainly on the differences between this third embodiment and the
first embodiment. Accordingly, it will be apparent to those skilled in the art from this
disclosure that the descriptions and illustrations of the first embodiment also apply to this
third embodiment, except as explained and illustrated herein.
[0070] The seal 310 basically includes a first annular leg portion 312, a second annular

leg portion 314 and a central annular portion 316. The first annular leg portion 312 has a
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according to claim 37, further conprising cutting an axial opening in the
at least one tab. 25 39. The nethod of manufacturing the

pressure-energi zed, netallic seal according to claim37, further conprising
cutting an open ended slot in the at |east one tab. 30 40. The nethod of
manuf acturing the pressure-energized, netallic seal according to claim 33,
wher ei n cR4s-sectiial shapci identishl thh &irs enwrer lagnoitian 18 @ éhedirst gpabodiment,

pressure-ener i , tallic seal ,creates . | f '
ext endi n&’fceB@%le ﬁsgﬁgﬁl%alggggg@nt%é%g%ﬁgﬁ raSlraa(l)1 : éﬁc‘{%ﬁflh}%orgé%‘{ 'gﬁ%gfl Arlﬁeﬁg%af on from
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t han adj acent parts of the annular_ fl %;%e. 41. The net hod of manufacturing
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cutting ?lgngex?i 1a8| hagi%lg% Illgra?i%y cl)fqtgbsst32t0\é\f)32%tb, §2h0% atn%%%Od The tabs 320a and 320c¢
have axially extending openings 321a and 321¢ formed therein, respectively. The flange
318 and the tabs 320a, 320b, 320¢ and 320d extend radially inwardly from the second
annular leg portion 314 toward the central axis O of the seal 310. In other words, the
annular flange 318 is basically identical to the annular flange 18 of the first embodiment,
except the annular flange 318 extends radially inwardly. Of course, it will be apparent to
those skilled in the art from this disclosure that the cross-sectional shape of the annular
flange 318 needs to be slightly modified at the corners of the seal 310 in order to
accommodate the reversed tabs 320a, 320b, 320c and 320d.
[0071] The seal 310 is basically manufactured using the method described above in
reference to the seal 10 of the first embodiment. However, it will be apparent to those
skilled in the art that the metal forming machine described above would have to be slightly
modified (i.e., re-tooled) in order to create the modified shape of the seal 310. In
particular, due to the reversed arrangement of the seal 310, the first annular edge (i.e., a
first free end surface 338 of the first annular leg portion 312) is moved axially and radially
inwardly relative to the central axis O of the seal 310 during the bending of the portion of
the metal sheet material such that the first and second annular leg portions 312 and 314
extend inwardly from the central annular portion 316 in a radial direction toward the
central axis O. Additionally, the first cutting occurs at a radial location further from the
central axis O than the second cutting, rather than closer to the central axis O as in the first
embodiment.

FOURTH EMBODIMENT

[0072] Referring now to Figures 19 and 20, an internally pressure-energized seal 410
in accordance with a fourth embodiment of the present invention will now be explained.
The parts of the fourth embodiment that are identical to the parts of the first embodiment

will be given the same reference numerals as the parts of the first embodiment. The seal
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15 43. The nethod of manufacturing the pressure-energized, netallic seal
according to claim4l, further conprising cutting an open ended slot in at
| east two of the tabs. 44. The net hod of manufacturing the
pressure-energi zed, netallic seal 20 according to claim 33, wherein the

bending of the portion of the netal sheet material creates a substantially
C shaped4i 0 ahtiscosdh embedinsat isibesiatllypideftidabtodhe vdabdbliof the 4eq9adi pher al

direction.,45. The net hod aof nuf act yr.i .the pressure-en i tallic
seal 25 SBBETMERb o M R TG S R R e RS Sl e Gge
of the pres&UiiRseMer0icfelds fiRihanticditarhass eatkRsd drod@bedtibhaishage subRpe as
vi ewed al onglet he central axis; and the cutting the second annul ar. edge of
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i | i . . Jq
Vi ene aO?ﬁlg S}ml %’g? ’BE%G{H i ! S%CO anﬁqbuglb gmg&{lgl%g‘sg[ﬁl}%r@@?ﬂ \%ﬁ%‘)b‘&ﬂ‘[{éﬁt é’g? ¢ he

pressure-energl z neta c seal accordin erern -
first annu g diedged mdopviadirantd & dataid hereinadlahdrythe g iWwavidf descebadnsvmdt 0 t he

central illustrations will focus mainly on the differences between this fourth embodiment and the
second embodiment. Accordingly, it will be apparent to those skilled in the art from this
disclosure that the descriptions and illustrations of the second embodiment also apply to
this fourth embodiment, except as explained and illustrated herein.
[0073] The seal 410 basically includes a first annular leg portion 412, a second annular
leg portion 414 and a central annular portion 416. The first annular leg portion 412 has a
cross-sectional shape identical the first annular leg portion 12 of the second embodiment,
except the first annular leg portion 412 extends radially inwardly from the central annular
portion 416. Similarly, the second annular leg portion 414 has a cross-sectional shape
identical to the second annular leg portion 214 of the second embodiment, except the
second annular leg portion 414 extends radially inwardly from the central annular portion
416. Thus, the second annular leg portion 414 includes a second free end 442 with an
annular flange 418 having a plurality of tabs identical tabs 420. Each of the tabs 420
preferably has an axially extending openings 421 formed therein. Preferably, each axial
opening 421 is formed as an open ended slot. The flange 418 and the tabs 420 extend
radially inwardly from the second annular leg portion 414 toward the central axis O of the
seal 410. In other words, the annular flange 418 is basically identical to the annular flange
218 of the second embodiment, except the annular flange 418 extends radially inwardly.
Of course, it will be apparent to those skilled in the art from this disclosure that the cross-
sectional shape of the annular flange 418 needs to be slightly modified at the corners of
the seal 410 in order to accommodate the reversed tabs 420.
[0074] The seal 410 is basically manufactured using the method described above in
reference to the seal 10 of the first embodiment. However, it will be apparent to those
skilled in the art that the metal forming machine described above would have to be slightly
modified (i.e., re-tooled) in order to create the modified shape of the seal 410. In

particular, due to the reversed arrangement of the seal 410, the first annular edge (i.c., a
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axi s during the bending of the portion of the netal sheet material such
that the first and second annular | eg portions extend outwardly fromthe
central annular portion in a radial direction away fromthe central axis.
47. The net hod of manufacturing the pressure-energized, netallic seal
according to claim33, wherein the first annular edge is noved axjially and
r adi al | yfirstfiee eihd/surficattd® ef the fuﬁ@nnelm bgﬂ)oamngllahlslweﬂ]ﬂélaﬂaﬁéd Fﬁjhfél‘)’ t he
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10c: 10%&'changex mmnﬁmf@ml(s)cawbe fode honein w1th0ut departing from the scope of the
invention as defined in the appended claims. For example, the present invention could
also be applied to circular seals also, i.¢., a circular seal with tabs and/or a flange.
Furthermore, the foregoing descriptions of the embodiments according to the present
invention are provided for illustration only, and not for the purpose of limiting the
invention as defined by the appended claims and their equivalents. Thus, the scope of the

mmvention is not limited to the disclosed embodiments.
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5  portion having a first end and a second end;

a first annular leg portion extending from said first end of said central portion to an
annular first free end, said first annular leg portion having a first annular convex sealing
surface lying in a first sealing plane; and

a second annular leg portion extending from said second end of said central portion

10 to asecond free end, said second annular leg portion having a second annular convex
sealing surface lying in a second sealing plane, said second free end of said second leg
portion having an annular flange extending substantially parallel to said first and second
sealing planes and offset from said second sealing plane in an axial direction towards said
first sealing plane.

15

2. The pressure-energized, metallic seal according to claim 1, wherein

said annular flange of said second free end extends in a radial direction away from

said central annular portion at lcast as far as said first free end.
20 3. The pressurc-energized, metallic seal according to claim 2, wherein
said annular flange of said second free end includes at least one radially extending

tab projecting further in said radial direction than adjacent parts of said annular flange.

4, The pressurc-energized, metallic seal according to claim 3, wherein

25 said tab includes an axial opening formed therein.

5. The pressure-energized, metallic seal according to claim 3, wherein

said tab includes an open ended slot formed therein.

30 6. The pressure-energized, metallic seal according to claim 2, wherein
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10

The pressure-energized, metallic seal according to claim 6, wherein

said plurality of tabs are peripherally spaced from each other.

8. The pressure-energized, metallic seal according to claim 7, wherein

said annular flange of said second free end includes four of said tabs.

9. The pressure-energized, metallic seal according to claim 8, wherein

said seal is substantially rectangular shaped as viewed along said central axis with

one of said tabs located at each cormer.

15

20

10. The pressure-energized, metallic seal according to claim 8, wherein

at least two of said tabs have an axial hole formed therein.

11. The pressure-energized, metallic seal according to claim 8, wherein

at least two of said tabs have an open ended slot formed therein.

12.  The pressure-energized, metallic seal according to claim 1, wherein

said seal has a substantially C-shaped transverse cross-sectional profile as viewed

in a peripheral direction.

25

13.  The pressure-energized, metallic seal according to claim 1, wherein

said central portion, said first leg portion and said second leg portion are

constructed together as a one-piece, unitary member.

14.  The pressure-energized, metallic seal according to claim 1, wherein

said seal is substantially rectangular shaped with rounded comers as viewed along

30  said central axis.

15.  The pressure-energized, metallic seal according to claim 1, wherein
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16.  The pressure-energized, metallic seal according to claim 1, wherein
said first and second annular leg portions extend outwardly from said central

5  annular portion in a radial direction away from said central axis.

17.  The pressure-energized, metallic seal according to claim 1, wherein
said first and second annular leg portions extend inwardly from said central

annular portion in a radial direction toward said central axis.

10
18. A pressure-energized, metallic seal for sealing axially facing annular
surfaces, comprising:
a central annular portion extending around a central axis, said central annular
portion having a first end and a second end;
15 a first annular leg portion extending from said first end of said central portion to an

annular first free end, said first annular leg portion having a first annular convex sealing
surface lying in a first sealing plane; and
a second annular leg portion extending from said second end of said central portion
to a second free end, said second annular leg portion having a second annular convex
20  sealing surface lying in a second sealing plane, said second free end having at least one

radially extending tab projecting further than adjacent parts of said seal.

19.  The pressure-energized, metallic seal according to claim 18, wherein

said tab includes an axial opening formed therein.

25
20.  The pressure-energized, metallic seal according to claim 18, wherein
said tab includes an open ended slot formed therein.
21.  The pressure-energized, metallic seal according to claim 18, wherein
30 said second free end of said second leg portion includes a plurality of radially

extending tabs projecting further than adjacent parts of said seal.
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23.  The pressure-energized, metallic seal according to claim 22, wherein
5 said second free end of said second leg portion includes four of said tabs.
24,  The pressure-energized, metallic seal according to claim 23, wherein

said seal is substantially rectangular shaped as viewed along said central axis with
one of said tabs located at each corner.
10
25.  The pressure-cnergized, metallic seal according to claim 23, wherein

at least two of said tabs have an axial hole formed therein.

26.  The pressure-energized, metallic seal according to claim 23, wherein

15 at least two of said tabs have an open ended slot formed therein.

27.  The pressure-energized, metallic seal according to claim 1, wherein
said seal has a substantially C-shaped transverse cross-sectional profile as viewed
in a peripheral direction.
20
28.  The pressure-energized, metallic seal according to claim 1, wherein
said central portion, said first leg portion and said second leg portion are

constructed together as a one-piece, unitary member.
25 29.  The pressure-energized, metallic seal according to claim 1, wherein
said seal is substantially rectangular shaped with rounded corners as viewed along

said central axis.

30.  The pressure-energized, metallic seal according to claim 1, wherein

30 said seal has a non-circular shape as viewed along said central axis.

31.  The pressure-energized, metallic seal according to claim 1, wherein
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32. The pressure-energized, metallic seal according to claim 1, wherein
5 said first and second annular leg portions extend inwardly from said central

annular portion in a radial direction toward said central axis.

33. A method of manufacturing a pressure-energized, metallic seal,
comprising:
10 feeding a metal sheet material into a sheet metal forming machine;

cutting a first annular edge of the pressure-energized, metallic seal in the metal
sheet material that extends around a central axis,
bending a portion of the metal sheet material to form a cross-sectional profile of
the pressure-energized, metallic seal that includes
15 a central annular portion extending around the central axis, the central annular
portion having a first end and a second end,

a first annular leg portion extending from the first end of the central portion to
an annular first free end with the first annular edge, the first annular leg
portion having a first annular convex sealing surface lying in a first sealing

20 plane, and

a second annular leg portion extending from the second end of the central
portion, the second annular leg portion having a second annular convex
scaling surface lying in a second plane; and

cutting a second annular edge of the pressure-energized, metallic seal in the metal
25  sheet material to form a second free end of the sccond leg portion having an annular flange
extending substantially parallel to the first and second sealing planes and offset from the

second sealing plane in an axial dircction towards the first sealing plane.

34,  The method of manufacturing the pressurc-cnergized, metallic seal
30  according to claim 33, wherein
the bending of the portion of the metal sheet material is performed using an

automated progressive pressing operation.
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the cutting of the first annular edge of the pressure-energized, metallic seal occurs
5  before the bending of the portion of the metal sheet material; and
the bending of the portion of the metal sheet material occurs before the cutting of

the second annular edge of the pressure-energized, metallic seal.

36.  The method of manufacturing the pressure-energized, metallic seal
10 according to claim 35, wherein
the cutting of the second annular edge of the pressure-energized, metallic seal
occurs at a radial position such that the annular flange of the second free end extends in a

radial direction away from the central annular portion at least as far as the first free end.

15 37.  The method of manufacturing the pressure-energized, metallic seal
according to claim 33, wherein
the cutting of the second annular edge of the pressure-energized, metallic seal
creates at least one radially extending tab that projects in a radial direction from the
annular flange, the at least one tab projecting further in the radial direction than adjacent

20 parts of the annular flange.

38.  The method of manufacturing the pressure-energized, metallic seal
according to claim 37, further comprising

cutting an axial opening in the at least one tab.

25
39.  The method of manufacturing the pressure-energized, metallic seal
according to claim 37, further comprising
cutting an open ended slot in the at least one tab.
30 40.  The method of manufacturing the pressure-energized, metallic seal

according to claim 33, wherein
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adjacent parts of the annular flange.

41.  The method of manufacturing the pressure-energized, metallic seal
according to claim 40, wherein
the cutting of the second annular edge of the pressure-energized, metallic seal
creates four of the tabs.
10
42.  The method of manufacturing the pressure-energized, metallic seal
according to claim 41, further comprising

cutting an axial hole in at least two of the tabs.

15 43.  The method of manufacturing the pressure-energized, metallic seal
according to claim 41, further comprising

cutting an open ended slot in at least two of the tabs.

44,  The method of manufacturing the pressure-energized, metallic seal
20  according to claim 33, wherein
the bending of the portion of the metal sheet material creates a substantially C-

shaped transverse cross-sectional profile as viewed in a peripheral direction.

45.  The method of manufacturing the pressure-energized, metallic seal
25  according to claim 33, wherein
the cutting the first annular edge of the pressure-energized, metallic seal creates a
non-circular shape as viewed along the central axis; and
the cutting the second annular edge of the pressure-energized, metallic seal creates
a non-circular shape as viewed along the central axis.
30
46.  The method of manufacturing the pressure-energized, metallic seal

according to claim 33, wherein
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47.  The method of manufacturing the pressure-energized, metallic seal

according to claim 33, wherein
the first annular edge is moved axially and radially inwardly relative o the central
axis during the bending of the portion of the metal sheet material such that the first and
10  second annular leg portions extend inwardly from the central annular portion in a radial

direction toward the central axis.
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