PRESSURE ENERG ZED METALLI C SEAL BACKGROUND OF THE | NVENTION Fi el d of the
I nvention [0001] The present invention generally relates to a
pressure-energi zed, netallic seal for sealing between a pair of axially

facing annul ar surfa ention rel ates
to an annul ar netallﬁﬁﬁggggiﬁgﬁqﬁékhkigh%ﬁiﬁhgﬁTHQGEﬁgQ§g$§Xn from one of
the leg portions of the se tendi ng from one of
the leg portions for handl#ﬁ@%}g@ﬁ%ﬁgﬁﬁlﬁgﬁﬁ@%@ng the seal. The
present i nyRM QR BhwBiiof el ates to a nmethod of manufacturing the
pressure-energi zed, netallic seal of the Fresent i nvention. Background
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cross-sectional shape using dies .e., a trans press met hod).

AlternatlméV@RKmhese typi cal annular sealing rings can be constructed by
manual |y f %ﬁgrgi §I nd tbutt wel ding the ends and then manually form ng
the require gh B Pﬁ‘é 1%1? ogressive dies. A plating or coating can
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pounds per circunferenti al |nc ot hers have been designed to
functi on amsecthliwsheet material, and then benchng each of the "blank" rings into the final desired

cross-sectional shape using dies (i.e., a transfer press method). Altematively, these typical
annular sealing rings can be constructed by manually forming a band, butt welding the
ends and then manually forming the required shape using progressive dies. A plating or
coaling can optionally be applied to the seals. These typical annular sealing rings can
have cross-sections of various shapes. For example, a "C" seal or spring-energized "C"
seal is typically an annular scal having a "C" shaped cross-section. Other types of known

metallic seals have cross-sections which are parabolic, convoluted, "E" shaped, Y-shaped,

omega-shaped ((2-shaped), or the like.

[0003] Typical sealing rings (i.e., seals) generally function very well in certain
applications. For example, some of these seals above perform very well under relatively
large load forces, e.g., 1.751 x 10* N/m to0 1.751 x 10° N/m (e.g.,100 to several thousand
pounds per circumferential inch, pei), while others have been designed to function as low
load seals such as the E-seal and Y-seal. Some of these typical metallic seals are
designed to be pressure energized and/or can be coated with a deformable material (e.g.,

PTFE, gold, silver, copper, and the like) in



| oad seal s such as the E-seal and Y-seal. Sone of these typical nmetallic
seals are designed to be pressure energized and/or can be coated with a
defornmabl e material (e.g., PTFE, gold, silver, copper, and the like) in -1
order to achieve the desired seal integrity. Unfortunately, these typical
sealing rings and the typical nethod of manufacturing these sealing rings
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of known seals are disclosed in to Swensen et
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this di sekasuig sehakohbemnes @ﬁh%n%uﬂ@ﬁﬂlatﬁéﬁs cBRditiBRS AR g it difficult to
pressure-energi zed netallic seal and
produce and handle seals in mass quantltaes and also making installation more time
consuming. Lack of stability of seal shape could also lead to miss-alignment during
mnstallation leading to particle generation. These examples of problems making and using
the prior seals are not exhaustive.
[0006] Some examples of known seals are disclosed in U.S. Patent 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
Halling; and U.S. Patent No. 4,915,397 to Nicholson.
[0007]  Inview of the above, it will be apparent to those skilled in the art from this
disclosure that there exists a need for an improved pressure-energized metallic seal and a
method of manufacturing such a seal that overcome the problemis in the prior art. This
invention addresses these needs in the art as well as other needs, which will become
apparent to those skilled in the ar{ from this disclosure.
SUMMARY OF THE INVENTION

[0008] One object of the present invention is to provide a pressure energized, metallic

annular seal that reliably seals a pair of annular, axially facing surfaces.
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met hod of manufacturing such a seal that overcone the problens in the prior
art. This invention addresses these needs in the art as well| as other
needs, which will becone apparent to those skilled in the art fromthis

di scl osure. SUMVARY OF THE | NVENTI ON [ 0008] One object of the present
invention is to provide a pressure energized, netallic annular seal that
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particular, the annular flange of the cross-sectional ﬁr ofile can stiffen
the I ong fiP&%e Sfegrlgirepen phenbokingdowngidhpeeal gispedel Doyhemteseadent
invention J,§abQeR 0N A hehld ngtallatio e
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to provid annyl ar.seal . that can be used in the hard disk drive,
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functionality. [ | Yet sti anot her obj ect e present tnvention is

to provi delan dewigrowellin asewhldy lines. manuf acturing an inproved annul ar seal
e TS ST PO B BTN, SUTDEL 0, SRerath A0S, 5020, Y
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industries, semi-conductor industries, and any other industry that requires the above stated
functionality.
[0014] Yet still another object of the present invention is to provide an improved
method for manufacturing an improved annular seal that is simplified by using a minimum
number of operations, such as by using a progressive press or progressive dies.
[0015] Yet still another object of the present invention is to provide an improved
method for manufacturing an improved annular seal that adds stability to the progressive
die process minimizing part deformation during the stamping process, thereby making the
design more robust and manufacturable.
[0016] The foregoing objects can basically be attained by providing a pressure-
energized, metallic seal for sealing axially facing annular surfaces. The seal comprises a
central annular portion, a first annular leg portion and a second annular leg portion. The
ceniral 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 fo an annular

first free end. The first annular leg portion has a first annular convex sealing surface lying
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met hod for manufacturing an inproved annul ar seal that adds stability to
the progressive die process mnimzing part deformation during the

st anpi ng process, thereby making the design nore robust and
manuf act urabl e. [0016] The foregoi ng objects can basically be attained by
provi ding a pressure- ener%jzed, metal lic seal for sealing axially facing
annul ar suff &8ss seating plasg) Thepgsond eanyar legpettian extends Gpmpbe sgcond ead of thet
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portion extends fromthe first en f the cent portion to an annul ar
first freanerist sehleng plege. Brnascenrd dnoglapded potioh asteads frors thasaohdendofthex

seal ing surface |lyin in a first. sealin | gne. The second. annul ar, le
sorti on exeRngrYanf i et bt A3e Arafrdaniy Al SySEt Potires H ook

free end and sbamdacsRGOMNEnd Y RERDANENITRZ kL REstHE FAGRTY ¥itBding hwa second
seal ing plane. The second free end has at |east one radially extending tab

proj ect i ngreigetineefurhpaiian diisesnpagpeefitbe sfalt he seal . [0018] The foregoi ng

objects ¢ SO i.cal l.y be attained,b rqvidin net hod of

manuf act atUoE a pr 08 CTPe0Ye 8RR LB MRSpaedtl el Ry FefRBa anter ks

f eedi ng a metu@cturilieepresRt€ti@bized; WhdthlNg salf Ths nclvidodiprBdgtedgndheg] a
portion of the metal sheet material and cutting a second annul ar edge. The
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forming machine. The first annular edge of the seal is cut in the metal sheet material such
that it extends around a central axis. The portion of the metal sheet material is bent to
form a cross-sectional profile of the pressure-energized, metallic seal that includes a
central annular portion, a first annular leg portion and a second annular leg portion. The
central annular portion extends around the 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 with the first annular edge. The first annular leg portion has a first
annular convex sealing surface lying in a first sealing plane. The second annular leg
portion extends from the second end of the central portion. The second annular leg
portion has a second annular convex sealing surface lying in a second plane. The second
annular edge of the seal in the metal sheet material is cut to form a second free end of the

second leg portion having an annular flange extending substantially parallel to the first and



that it extends around a central axis. The portion of the nmetal sheet
material is bent to forma cross-sectional profile of the

pressure-energi zed, netallic seal that includes a central annular portion,
a first annular leg portion and a second annular |leg portion. The central
annul ar portion extends around the central axis and has a first end and a
second entfcomtheeafing glanghag offsef Bgmdbe second ssaliaapianeinar exiel dirgcsen end of

t he cent ra#m%?#stthgﬁr%tg?ﬁﬁgéamgw ar first free end with the first annul ar

edge. The first annu portion has a first annular convex sealing

surface |yj0ogo] n darteke sid el dbi@td Fanges, hbgcaenandvanipek ar teggesepor ti on
extends fromthe second end of the central portion. The second annul ar | eg
portion hadventxacymidespmaraparesio diose deflpdhin ha ertdioan thei fadowinesetdsdnd
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fl ange extenisidigestdishapicsal inwepisal | el to the first and -4 second sealing
pl anes and of fset fromthe second sealigg@glane in an axial direction

towards the first sealingPEaidESEBEIIPNRESHRRR MR Sopj ects, features,
aspect s aq@o@@yanﬁﬁ%ﬁngﬁ?&/qgt}@a‘?é rfkfd drh\@ﬁ%@Wh@& %Mrjgla ﬁcmﬁis%ﬁgﬂfa?nt to
ro 0 detaile n,

those skilledin the ar m t he | om n escripti whi ch,
t aken i n absylesued:i on with the annexed drawi ngs, discloses a preferred

enbodi nent t he _present i.nvention. BRI EF DESCRI PTI ON THE,. DRAW NGS
[ 0020] RefIQ&Ung RehTe 1%?1@3%1@_1‘35%1%1 ﬂlfmfﬁgge%ﬁmecwef%%% altbai"fs % hi s
original Gwel A8HE & colitP@ZEk iTh@dtBinte bSthd $hAfefhed Rib8RRhenY bW HreRnt
pressure-energi zed, netallic seal as viewed along a central axis 'in

accor dancenwintlna first preferred enmbodi mrent of the present invention;

[ 0022] Fi 2 is.an enlarged rti.al , 1 ongi tudi nal cross-sectjonal view
b e codlOBIF) | Biilk ZH S aBR St g S S BRI TR hE581 L
Figure 1, indifaiddia Is@akb 11a89tedlddatong decfond RhOL-2RFTFNRARS 1 2wRRAille Rb1 ABAULAT
axially facing surfaces of a pair of menbers that are coupl ed together;

[0023]  Fi dgupéainBbityeana pak af gowlarparizliafacigderfetas vl ripeiall mandwrothabarei r st
cor ner porcgig%dtofetﬁep_e seal illustrated in Figures 1 and 2 identified by
the circle |n(f'—gigur’e 1;

[0023] Figures 3 is an enlarged, partial side elevational view of a first comer portion

of the seal illustrated in Figures 1 and 2 identified by the circle 3 in Figure 1;

[0024] Figure 4 is a further enlarged partial, cross-sectional view of the first corner
portion of the seal illustrated in Figure 3 as viewed along section line 4-4 of Figure 3;
[0025] Figures 5 is an enlarged, partial side elevational view of a second corner
portion of the seal illustrated in Figures 1 and 2 identified by the circle 5 in Figure 1;
[0026] Figure 6 is a further enlarged partial, cross-sectional view of the second corner
portion of the seal illustrated in Figure 5 as viewed along section line 6-6 of Figure 5;
[0027] Figures 7 is an enlarged, partial side elevational view of a side portion of the
seal illustrated in Figures 1 and 2 identified by the circle 7 in Figure 1;

[0028] Figure 8 is a partial, cross-sectional view of the side portion of the seal
illustrated in Figure 7 as viewed along section line 8-8 of Figure 7;

[0029] Figure 9 is a diagrammatic view generally illustrating the method of
manufacturing the seal illustrated in Figures 1-8,

[0030] Figure 10 is a flow diagram illustrating the method steps for manufacturing the

seal illustrated in Figures 1-8;



[0024] Figure 4 is a further enlarged partial, cross-sectional view of the

first corner portion of the seal illustrated in Figure 3 as viewed al ong
section line 4-4 of Figure 3; [0025] Figures 5 is an enlarged, partial
side el evational view of a second coner portion of the seal illustrated in

Figures 1 and 2 identified by the circle 5 in Figure 1; 0026} Figure 6 is
a further BHBAIgedFigwietlilds 2 sideshyasen viomad! apressunt-cnchgizeh cuntallic svah ey

006 of Fi glFs et Foetopl i B pt bR CrARAREE U ot o

view of a pledentporention of the seal illustrated in Figures 1 and 2
identifiedq%é the circle 7 in Figure 1; [0028] Figure 8 is a partial,
cross-sect {Hal vifgusf! 2tinan gmi@lréeéemﬁnabrionﬁltuﬂml @é@&sectlmalué’t%@%@eﬁwl Fi gure

7 as vi eweﬁlu%ﬂ@@lfﬁ%me 1% A ‘Hﬁve% eﬁoﬁ) fsd 191{1’ ?ﬁe 5. 1%02%?éurcla: h BUf e 3,12

di agrammatic Vi ew gerera e’ net ma.’nu act uring the

seal il usinsalledin mdﬁht%h@éénh ir df&ﬁﬁﬂhr Faix Gk Gack $L&fa@esf&> &t efmafibers
illustrating the nmethod steps for manufacturlngt seal lustrated in
Fi gures 1-@atas CP@@Q‘itqgeﬁiegure 11 is a side el evatl onal vi ew of a

pressure- e{_’@)‘é@ Zeci—q d?@é di sldn e?lﬁ?% éﬁgam\él Lhicy e@%t?o%?%@e&%@tdrc%h%e?ﬁsbﬁlolnr]lf

accor dance vm Bcon preferr resent” invention;
[ 0032] Fi gihaeea]lzilmssmawd mrﬁh@r@e]d qrar 12 1db1;t1ﬂaalrtg,l theldnﬂall?;cmﬁsgmseml onal view
of the se lust.rated.in_Figure 11 as viewed al ong section |ine 12-12 of
Fi gure 116]['06??% dedpdf is 7 futhdy pd prlereed partipbicHsssettin@ahvigw phithe GXYnnul ar

axi al l'y fagi-fAgn §pﬂ1f6%emu@sft a%dﬁﬁgﬁédi’é wﬁméw% amgtse&{o% 19{&1119;' elot B gﬁfzehl%r,

[ 0033] Figures I's an en arge parti al evational view of a corner
portion of(008fle sé?aguwd1mstan&hbadgadmpﬁtlglm¢selmiatmmeﬂ vdigwiodentdefioadorbyf thhe

i I 13 in Fi 11:. [0034 f I d tial,
ot oss. secrioBn G et S 1h b e MeBRes b Bt S B ot 1 nted
Flgure 13 [8630)l evedual 905G SEA1HIOROLI- 02 ibfla Mc0bi Hegitifonldk ine LOOARIubaur es

15 is an enlarged, partial 'side elevational view of a side portion of the
seal il ugnFagusdlpmas megwd@@nwe@tm i 1démof Figete By the circle 15 in Figure

L 00l ar ot 11 PR bl ShP TP SR S P
Figure 15viewed along a central axis in accordance with a third preferred embodiment of the present
mvention;
[0038] Figure 18 is an enlarged partial, longitudinal cross-sectional view of the seal
lustrated in Figure 17 as viewed along section line 18-18 of Figure 17, with the seal
installed in a joint between a pair of annular, axially facing surfaces of a pair of members
that are coupled together;
[0039] Figure 19 is a side elevational view of a pressure-energized, metallic seal as
viewed along a central axis in accordance with a fourth preferred embodiment of the
present invention; and
[0040] Figure 20 is an enlarged partial, longitudinal cross-sectional view of the seal
illustrated in Figure 19 as viewed along section line 20-20 of Figure 19, with the seal
installed in a joint between a pair of annular, axially facing surfaces of a pair of members
that are coupled together.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0041] Selected embodiments of the present invention will now be explained with

reference to the drawings. It will be apparent to those skilled in the art from this
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[0037] Figure 17 is a side elevational view of a pressure-energized,
netallic seal as viewed along a central axis in accordance with a third
preferred enbodi nent of the present invention; [0038] Figure 18 is an
enl arged partial, |ongitudinal cross-sectional view of the seal
ilTustrated in Flgure 17 as viewed along section line 18-18 of Figure 17,
with the séaplosyradhadtheefdilpwing C]emrmtlomep mnﬂpog'amntmf thmntﬂsa'rt in\e@mlamh

faci ng surf f alr of at _are et.her

Fqurs 16 PRVERe MR ke MR Sprab Bl PSR PR S AT R s PR e
as V|emedbpu@ pamﬁﬂmmﬁ@ka@%ﬂ@ﬂkﬂuﬁﬁﬁﬁﬁﬁance with a fourth preferred
enbodi nent of t present invention; and [0040] Figure 20 is an enl arged

partial, |6R42t udlﬂﬁtﬂl@ge@ﬁaléﬁe@tﬁlén@s L@, ofetdiec saah] O thal fﬂgéttfﬁa% léfaldilng
Fi 19 | 20-.20 . of F |
nstait ed FR BRI UIRBRELI R it it et el PFRECS o

a pair of presdenrsentifiat Ty RaCniplpesretadyeddnetructéRlid FePbadERnitEhu@Nn @ THE
PREFERRED EMBODI MENTS [ 0041] Sel ected enbodi nents of the present invention
will now b8 aesqsH am%éﬂlﬂw\}h@mr%ﬁ@tﬂw@ﬁ@e, voligquesedrbalivhgsmorerdafgil. | Theemefpliar ent

to those skij o(fqt %to e exfte{n?zm(;;};}te szelre en% %dqglilnaﬁnttta&aat setapgetévgétl Qﬁ%tggf for

descri ptl ons Irnvention are prov

illustrat Ilﬁﬂnbm’swaﬁﬁNWd‘tflofe@pe@ﬂealw HR0%e] Hfls|ahmlillltlﬁhgsehh@esig‘m&m scdaha psir
defi ned 3p pended clains and their equival ents. ?£0042 Ref erri.ng
initially Ct &XF@i reag gy sprfagesbeng Biof taemembersth and Pagspeéticbs WaHEI i ng

and i nstalg h@%éa‘?noqgllﬁgﬁaté@% bkl éﬁ6151511#§¥6@%%d Bwﬁi:ﬁ@ﬁyg?&%% t(?"{htoge &ifitd st

enbodi nent o he present |nve tion e seal erab construct ed
usi ng a net lodarofromethisf dsfiesuratdat tha sead dOrcdakide 1mem11ylpeespnmdnas disesitd on,

as discus bel. n nore eta| tallic. seal 1Q is designed to be
ext ernal | j] &%&’é@ﬁ&@%?&? thar 1'g ‘W&i-‘grﬁ% H%e‘%%%tﬁthﬁé’c‘?ﬁﬁ@ﬁn‘éf’nﬁ‘ﬁﬁ of nenbers
M and N. £]spe W ed to seal
i 2t P A R A PR

respect i vepyndedigpingrs ashacwedilodg @ cegral lakis<d.r A thesselelitnig pestemblyaldny
pressuri zed

d|sclosur8“?%%{QFW8d§%§$“%gaksnt 5 1%ﬁ%§?§)l %5%@5§EW#P§%%%%§%&§?®@Q%Zed
skilled in the art from this dlsclosule that the seal 10 could have various other
configurations, as needed and/or desired. For example, the seal 10 could have a circular
configuration or another configuration, as needed and/or desired, and still be constructed
in accordance with the present invention. Moreover, while the seal 10 illustrated herein is
particularly useful in the semi-conductor indusiry where vacuum spaces need to be
created, 1t will be apparent to those skilled in the art from this disclosure that the seal 10
could be used in other industries as needed and/or desired. For example, the seal 10 could
be utilized in the aerospace industry or any other industry that requires the functionality of
the seal 10.
[0044] Referring now to Figures 4, 6 and 8, the seal 10 basically includes a first
annular leg portion 12, a second annular leg portion 14 and an annular connecting portion
16. The first and second leg portions 12 and 14 are connected to each other by the
connectig portion 16 to form a modified C-shaped cross-sectional shape, as best seen in
Figures 2, 4, 6 and 8. Specifically, as seen in Figures 1, 3 and 5, the second leg portion 14
includes an annular flange 18 with a plurality of tabs 20a, 20b, 20c and 20d extending



below with reference to other preferred enbodi ments of the present

i nvention. [0043] The netallic seal 10 is preferably substantially
rectangul ar shaped with rounded corners as viewed along a central axis O.
Thus, the seal 10 is preferably non- circular shaped as viewed along the
central axis 0. However, it will be apparent to those skilled in the art
fromthis widsadlyosunéha fargetlBeclsgnd tolthe coutatl atiaCeinveadérdo $orat themodified C-
configurati,ons, as ne?.deqagﬁnd/or desired. For exanple, the seal 10 could
have a cirOtiPl TORSRTTGUHAC#Bh or another configuration, as needed and/ or

desired, apm4sti!ITHEaE0MRt 205 0EGand TORSHE AHERLGE Wd Bubd RELSEDE the
i nvention. Mreover, while the seal 10 illustrated herein is particularly

useful in regEngelt shepedisesl 69. Thaliabs 292, RRkr Wovad Qidpspged derthmedd atradiple

ted, i will b t. to those, skil in.t t.hi
i sol osur e iHph RS DRRRNGE s Ll B EEe 5T Ars Phe PO st I R 2 e cdea
and/ or deside@do hinalle, S¥IPARL orfdiethe @8l dl&ngﬁwnmaca@_e wihd Inis@@gtioh Theleg
a

aer ospace indUStﬁﬁ or any other industr t requires the functionality of
the seal 1ePriipwrollandet dierqongediion potiqn Huansktha flaggealdars allichacendng abomt
basical ly 4 | ulkar | rtion.12 S nd annul ar. | eg
port1 on 14"Bc 50 xR Q LR el oy A RE S 42 a3 r R EPmANAL RGN

portions 1 anithd dangel Cahageikdotnd Rebn@ilRels GYf iHReealCONMERL R @RE2EE, 0N
16 to forma nodified C shaped cross-sectional shape, as best seen In
Fi gures 2,208 ang 28¢ grecirogpiferentially sppcedmyowebheispal igwhbe the, lawgadd 15, t he

second | e i . . 0G: I I i ra. i of
Cabe 20a. sBRRbdBddhg OGBS AE. BIRULAL 1) ARS Sl 14 bl BBl Ry 206,
rel ative tifctang 206 miaredse agidityGnd BtiffhelRoftle deal 10 tcheivend b 0-e6! Githshiaped

cross-sectjonal _shape. [0045] The tabs 20a, 20b, 20c and 2Qd are arranged
at the rodRdea 8 araoHsa Z%@b 25&@%3%-6@%% &rr@%%ﬂmemp? fi‘ﬁeﬂaelgﬁéfizefg,

20b, 20c apdi80dopnebestc fdrnbhes ti'ﬁﬂbv@régegxgcﬁcplgﬁéép g%@éé@%é hap IQ%tQQﬁ@t parts

of annular flange 18. The tabs 20a, 2 are used to handl e,
| ocat e andspningtricat havee dlhedenicnplanaBuyfset thireugintheicasitallakat® end isThe | eg

portions 12 and. 14, the connecting portion 16 an e flange re |
concent ri (Pleé{%'r?g{y SUpR nt&éﬁlt}}eé?eng;&ugméo i Cteﬁgésﬁé‘éﬁ 81 .heﬂm%t}“get‘ﬁlég? g@“%?gllrgti ons
12 and 14and e @RPRECLONDO0RARE DOM will Be ANdudsBE if heRAktdBb@bly, extend around
the central axis O of the seal 10. The tabs 20a, 20b, 20c and 20d are

ci r cunf er éP46d1 | yAS peridd Faguae S dthe lsenisa abnuler pahiph &6 tvdudds arfiyet 4@l 4% a
second end 24, an outer convex connecting surface 26 and an inner 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 the central annular portion 16. The first leg portion 12 extends from the first end
22 of the central annular portion 16, while the second leg portion 14 extends from the
second end 14 of the central annular portion 16.

[0047] The first annular leg portion 12 includes an annular first free end 32, a first
annular convex outer sealing surface 34 and a first concave interior surface 36. The first
sealing surface 34 and the first interior surface 36 are curved surfaces. The first sealing
surface 34 extends from the first free end 32 of the first annular leg portion 12 to the first
end 22 of the central annular portion 16 (i.e., to the outer connecting surface 26). The first
interior surface 36 also extends from the first free end 32 of the first annular leg portion 12
to the first end 22 of the central annular portion 16 (i.e., to the inner connecting surface

26). The first sealing surface 34 lies in a first sealing plane S; that is substantially parallel
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continuous around the circunference of the seal 10. The flange 18 and the
tabs 20a, 20b, 20c and 20d increase rigidity and stiffness of the seal 10
relative to a Cseal without the flange 18 and the tabs 20a, 20b, 20c and
20d. Due to the arrangenent of the flange 18 and the tabs 20a, 20b, 20c
and 20d, a transverse center plane P divides the seal 10 into two

asynmet r| c i1 the aprtesplamhB of thetser! 19 éneamcwassaefgsftmm&met heofobafirdiscaings 0

and is gr?{c@%h¥1e§%§1%?@§t Sg%%gygtlﬂ ndi cular to the central ax! s 0. The

structure hé flangeé bs 20a, 20b, 20c and 20d will be

di scussed [op48pre 'ﬂ&ﬁs@tdndbfﬁihﬁlm 1deQ{dddn PEinsRABs Aarufl kEcoBd fdRengant 4 al
annul ar portion 16 includes a first end 22, a second end 24, an out er
convex conffeetd AydacPare eRcsalingsurraes4 enhe ascend oemrate intgriorsurfiescdd. 28.
The outer 6 and 2 curved urface The
outer and ?ﬁ%g%@@%%ﬁgggQSY&@B@g%@é%@%%E Hu3§n§§$% ﬁﬁ?ﬁﬁaﬁdg ng?rs?eand

second ends:c3ad franen@4p mfcmlaeﬂeeﬁhmaf ﬂmgeulsaarndml&,rﬁabemalﬁ()b The shiinsl. Teg
portion 12 extends fromthe first end 22 of the central annular portion
16, while %eﬁ@“z%f‘é@iﬁﬂ“l“ &gegorexicads framdRe sergad fico gnd A of decesrndamauienlegt t he
central a r

el udes: antaom i oy teibhent ML nes ! dibisP PO R 6P, B P B

seal i ng sufidred 834 tlenshtar donnatingandaned)nTas E@bn& sedliageudboe Migesfih st

seal ing surfac 34 and the first interior surface 36 are curved surfaces.

The first $eM Hglingnengee hassubdmiwlly paralichle the peatermiae Toplthgseadfl Oy he
first ann a‘?{rlcdlﬁga Q&:roﬁ g&é@}? i 1t he 1fd de8dnd S%Qf?na%s?ur%%sa Ll@%c% htalesapnul ar

portion 1 cénnect1 ng sur |rst interior
surface B@CdMSpru¢&mds fron1the first free end 32 of the first annular |eg

portion 1 S nd 22 of e central anul rt 16(|. ., to
t he inner %ggtﬁéject ?%% ?ﬂt‘lflﬁé%coni@fsseé'ﬂét“fqe%lie Gayer ﬁ 5’& ﬁ ¥W5es in a
first sealhfbshdendN dnbak widn SHOSLAN bé}ﬁééém@%@ﬂg{xz%h a?aﬁ ef&&ﬁzeﬁ%ﬁa@r
plane P of the seal 10. In particular, first sea ine L, of the first

seal i ng selingcdansAnpi gwwim archlormed état heai ﬁ“m@lqblaadmee@nd S{éaomgaz]lan‘éh& se¢ond
I 14 d df d d
annul ar - convapubPertlal ot Eietle b S aR SR mi Rl Sriefuatr

surface 46y eachh®@h&econd seal ing surface 44 and the second interior surface

46 are curved surfaces. The second free end 42 includes the annul ar flange
18 and t héY9¥ls 20hke apowar roec dhdasicaly impledessncamnlas enter ﬂgt sufabaéd andan

extends fr f?ﬁrﬁlgpﬁnéﬁﬁﬁ @grfg(g S @ﬂg aﬁ %m%tlart i%]ge d%% o g}@ s%%}l(? frl ee &9 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 parallel 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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portion 14 to the second end 24 of the central annular portion 16 (i.e.,
fromthe annular flange 18 to the outer connecting surface 26). The second
sealing surface 44 lies in a second sealing plane S2 that is substantially
parallel to the center plane P of the seal 10. In particular, a second
sealing line L2 of the second sealing surface 44 lies in the second

seal i ng pbtﬁ@ﬁv&%s fh@gﬂt%} and mh&eﬂa?t%ﬁifaéeg SQ%.nQ(Sfm'r@Sa‘%% {64 !‘G‘aeQOE hec andul ar

surface A and B of menber s N and when the seal 10 is pressure
ener gi zed20d§ Oééllerﬂ&natgedéw@nd m;h@lly bcsfeacﬂ thegid@m:mst rerteof ieamnilanflengeddned t hat

second sobfiniiSae & M o0 Bl ERey Al e al iy iPu e’ 107

each ot hesf thf @a8lkeal 6. BROHARI O blefirgifly 18s Dashsedk bivsi-B&didHgShate Anmd iar
outer flat surface 52 and an annular inner flat surface 54 with an annul ar

free edgeP®irhetyecxwspbiidhe @cé‘éerén‘dw@fhéifttér?@ﬂr@b 2heasbiideeetpcattle outer and

i nner fl f t 8 f l.
substanti IOE%T pgﬁgfal&@%r}%b d jb p%&n}‘% g{)satvg F%iyovgéﬁaslh?ﬁeﬁ% a? (lé)ge?lﬁ;e{
cent er plERigere IPMdJYbs@DMVRE tabk Ilea (Eﬂ)ﬂ:)?ﬂ()oaeﬂﬁ BOﬂra% pﬁel’eﬁb]?p&ﬁpﬁ&&lﬁ@a@sﬂkﬁtﬁﬁ of
the annul ar flange 18 are preferabl X@offset romthe second sealing plane

S2 in t hecaghpther shohdbations of Siedrls 207204, 28t and 29d isdecasgdaiead comey pogiay,
embodi ments, 1 LR ARBY r@r;lgglleaan% éé]bﬂfthglf'ﬁ%s%&g&gzééﬁ g%ggmfagsz%nw% ina

radi al direction awa m cen ann porti on ast as far as
t he fir stforthedthesig r&@ea‘iveﬂ)hén by sdse] @gfepar b,iavteaitdwolMittiee mpe2id, 28i3lA0¢, t he

| fl 18 th the . 2 20b, . 20 t.end
T £ adiSi SRES PO R EdRTR e QU Pds T B B SBLI0T Al
first fremqdendndve &ien&r@@ a§ he&ded |aﬁ@/099§stn'eg ”FH@op%Hﬁ@ A1hads ﬂr%rabmhﬁ free

ends surface 56 is located conpletely radially beyond the firs ree end 32
of the fafcrrgateldeghmﬂtelqmnmg 2lags m’éatrabijeelmcular shiagerd: €4 c8yrsg, iawdl Fe [ 0051]

The second free tends o r.ect tive
Lot he rineitie i EuEa Rt Mo Hhigtork s B e VP 20, PR B 080

20b, 20c oaﬁl thavDsthed ddnfiglragbheinVultbhe 1dBRH AU bLHccabd ahdYoedesire@tFos ek dmaples 52
and 54 (i.e., at the tabs 20a, 20b, 20c and 20d) of the flange 18 extend

radi al | y SBEpOEr chrligptissre fispussodibelowan siprancs tofothgsgecteged emhedimeptse
tabs 20a, 0d preferably extend radially further than adjacent
parts Of%%‘gj 9?}@9%&' 10. The seal 10 preferably has a constant

cr oss- sedbiinjal Prefeayed danensichsidf®ne 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
scal 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 0.013 c¢m and about 0.051 cm. In the illustrated
embodiment, the seal 10 preferably has a uniform thickness of about 0.030 cm -:0.003 cm.
As mentioned above, the seal 10 preferably has a constant, continuous, cross- sectional
shape, except at the corners where the tabs 20a, 20b, 20c¢ 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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peri phery, except at the corners where the tabs 20a, 20b, 20c and 20d are
| ocated. [0052] The tabs 20a, 20b, 20c and 20d preferably have identical
overall shapes as seen in Figure 1. Mreover, the tabs 20a, 20b, 20c and
20d are preferably peripherally spaced from each other such that one of
the tabs 20a, 20b, 20c and 20d is |ocated at each corner portion, as also
best seen[@U§5Fi Jincsed .l OPn éfecitlakitajed drabddidnsnt20 aloagsteRcohalreceFongs 21 a

2 € BTt ShRerh SR Sl a6
therein, fef&Genysas ar%\}feréﬂ widig 1t g@&oﬁpﬁw éﬁbvrh\?%%gg{bi@ and B &iamb?%i’ee

openi ngs as needed and/or desired. The opening s preferably slightly
el ongat edmeggirddebetweenope mdigl2inner ddgepoiahesabll§ (icd. rtetvem aipagiag edgh ofour se,
it will b rent to those skilled in the art fromthi s disc]osure that
the t abs S68ARBEHEY cbugiRE ST t e PO e Eh o8BI d e
i dent i cal p@sionereed] anBAON 8RS R s o QvAXRMY|Bd an QMR ré%ﬁxh’s%fc%%ftdrg!l’{[gﬁ“ ons

are discussed below in reference to other preferred enbodi nents of the

present i hieRBsioadiup 0be8)atereR eismeeferdblymboiibh§6 of, phie theamptraaditss vhe seal
10 wi ll J i r etail. O course, it will be apparent to
t hose ski e%%e$2§§§%2$?b1%%8§18ttﬁ?% @'scl osure that the seal 10 coul d have

ot her di n©ASélonFThascah e gederabig/ak a d@SkETEaxWivnh Slvks-seBaRiliviah WO drbéid
scope of he(ﬁlgrgsent . nvention. The dinensions discussed herein are prior
to any dérorifatPeimBrmpRecresatectional wadth i gheroyed tie antirs segl | hndlalbgishbphl

Pr ef er ablyeuddnhs a [ { n . 3 cm
and about %?10516 Eﬁ]%ls%gtlﬁéﬁll ﬁlﬁst&g%’ggé s%ﬂ%@ﬁ%ﬁ%ﬁ?l?%taﬁg%g%sg@ﬁ%1}181}12 erably
has a unidressreetthinekwekls Vo, aloond tH2.A8E: wad M), AAB 2 comstardheiphnHi xomed thbove,

the seal 10 pref | y has constant, cantinuous, cross- sectiaqnal shape,
except atenghegsegloﬁzgéy G\X,ﬁ’éPE&‘FWQ‘"“F&%gl%%‘fmﬁﬁb?m%%ecﬁﬂ%ﬂ 208he¥ reribcrFagpal | y
out war dl Spefifieamy,, Ag hhaREsn é%ss-lbéevﬁ%%%&idtht\hﬁ Gemdab.1 g:cgb‘ﬂgu&@thetehﬁref I T st

| eg portion 12 and the secon g portion 14 are pre constructed
t oget her paapkerpaéthsisedd 0, axdephwhencehbiabs 204 Q84 20cfand @0d setend radiallyt  be

appar ent . skilled, in the art th e a%q 10 ,coul d be constructed
by wel di RBRY%/I@?/?% 1I\1/@5e %nggga{ﬁlgpg%}ég@tﬁi%@%éﬂwﬁﬁ 48 of the seal.

Pref er abl2gd, theamRichahfer@b-seettmabealih woul theRasdmmth a6suresd &y acagudance
with the present invention. - 10 [0055] The seal 10 in the illustrated

enbodi meAt8 $1k | ThA ganwaum fadiplew @il Boi b iref@ably abruainh 4 cmtaneunsight entire

pref erably;fiasy sRme\enab! TheRGLik I%(isogre?e?é%% alut 6. 15P enMloka blepeal 10
periphery of the seal 10. Thus, the height H 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 inner
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 0.025 cm, except at the corners of the seal 10. The axial opening
21a preferably measures about 0.216 cm by about 0.318 cm, while the axial opening 21¢
preferably has a diameter of about 0.216 cm. In any case, the seal 10 preferably has a
substantially C-shaped transverse cross-sectional shape as viewed in a
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preferably has an overall width Y of about 8.89 cm The length X and the
wdth Y are neasured between the radially inner edges of the seal 10
(i.e., between opposing edges of the outer convex connecting surface 26 of
the central annular portion 16). At each corner portion, the seal 10 has
in inner radius of curvature R and an outer radius of curvature R2. The

i nner radi pgigfera direatoureitiRtheiaanplaefiargultyexaddiig flohGne fag ohhd €-shiyeedout er
radi us of curvatur F%Z is preferably about 0.762 cm [0056] The seal 10
pr ef er abl ycrﬁé%s"ét@ YI#R¥ maxi mum cross-sectional width Wrax around the

seal 10, aLU@S@ ”U”F}férsg§lsl ChoAD B 01 ﬂ{éffgmt o b @érptlﬂ@qn dnd‘?\?ﬁ'le I 10,

and a hei ght ar ound th ent| re sea er wor ds, t seal 1
pref er abl ycdmsntaorxabmanmnl @1 iniamomnec sdsSnE eldy 1damacta1m cttz’rveﬁﬁoxjai[ Caaemla od the
entire sea a.constant height, H aro the entire seal

However , gt1 tnF?ék%o Thather WPHE '&Fﬁ RAR0RS @rgagh E@%ﬂ?‘cﬂ’i’élwﬂ}ﬁ‘@tsﬁaw&g suy s 34

i ncr eases. andSp@Foh{l'a%%!illBé{wécl?ﬁh@%di&i‘E‘uH?@e%SA §ﬁPB'ocf@ﬁé mbEER N, S about

0.152 cmaround the entire periphery of the seal except eré the tabs
20a, 20b, meEctindy28doeventmilr Atig|thymame wandioh thesxm fl Becanwill st biel ange
18. At the,.tabs .20 ITB.XI ect wi dt h
W, ,ax inc radi a

A8 P yated5n 28508 RT kg Ml eh ol SR MBREodif A et el ol
wi dth Wn , desésShaaraehes Mi%@@h%fox@nﬂeﬁﬂ@ﬁ@d&fbg&%doﬁthéuﬁv@hﬁé@m Regdaphsry of the
seal 10. The height His preferably about 157 cm around the entire

per i phery rerformmagegliatle seatimgdunativa, fral gntberhofufadieed ead rbRlled inl ar ger t han
its cross acéc%%%x ona wi_dt h %exce t at the corner portions. [0057] The outer

connecti ng sur Ace” thetpﬁeseF PP O8nhvex seal i ng surface 34 and the second

convex sedbdsyy surhaeel 44 Iﬁiﬁl@f&ﬂﬂ? hyﬂf@ﬁn@@ﬁerk&e@‘a@al 04,he mdnBoh& dBode.
contlguous outer curved surface with a constant outer radius of curvature.

Si nilarly, Thupehe s A0 ixdesigset ithhaveur Highes peessutereed fopged radially wronsuideace 36
and the sefaldilOreld ahndHhlAEfighS: pRERTLORRINYERANES bn'. GRGH. gher O

forma contiguous 1 nnér a cons i nher di'us of

curvature .lad]fhlléy outtvardlf) @(tths uasaﬁ a0 eudthpr thé Bighbl YresukeRdppliedm thhérteago nd
seal i ng surfaae 44 about 0.025 c except at the corners of the seal
The axi al ‘Bpé&RISRGacee Pécsﬁrﬂéff @rséﬁ}rgﬁeﬁ@a%feﬁahgg s &ges o4 211%4@%%93%%‘%&“@%18

cm  whil esﬁr@@ce@)ﬂ Ad BPED Rﬁr%]b red¥h cq{e lzéﬁ Q%?es lgd?ﬁ&%ﬁe ?ﬁoéﬁs 0.216
cm In any case, the seal 10 pr era stantia

t r ansver s beivrees shesiatdrioonad exthaplespases\mb\‘metdtd tlhe aeal]lﬂ). This pressure dl.ffe1 ence
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 like. 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 1s 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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peri pheral direction with the annular flange 18 extending fromone | eg of
the G shaped cross-sectional shape. [0058] The seal 10 performs the
sealing function between the nmenbers Mand Nin a conventional nanner,
i.e., in a manner substantially identical to conventional C-seals on the

market. In other words, the manner in which the first and second sealing
surfaces 3maching MNext it siepS3ehihe meaialsheet niaseriah Aub ant syolp thet B maataial vEhiol the

The seal 10 genreetPp e sieaYorg) B SRULR ARG Mediord R ARGy o L™ "

herei n. Hove\fatt crifelimes] thtQented 6F HDEkA 1 @6 Ghape TIHeAE bhqd2abovemaghi eves
the af orenenti oned_objects of the invention in addition to 9(IE)erform ng a
reliable sBE!{SECrdHELIcsS (bhae Bmhanplsradas)adithe pgsuurrienaigized. nagiallig sea

accor dancey Ml{éﬂeqﬁ%ﬂl%gﬁﬁ‘%ﬂ{ \aﬁﬂgr%eﬁ%?mdg g%gg%t ec%nt%%%msl@ is preferably a

"pressure-energlze I one the seal 10 is
desi gned tb)()kia}/e d\féntghatepmes,sprbgre@diﬁsabdlﬂﬁ“@t@érah@ds alelperformenepeiddsbly, 1 n

the illustrat g 1n 9@—& er pressure should be | ocated on the

outsi de (i g £ byyhefsheit d Hant ept qifbe glane ofi the sued sherimateraal i Phike
pressure i ol J; and
second sea]?%i, %?)iﬂur??racag%& eagéoge 4 am%tl&ﬁgsrtd% Z{%ﬁﬁlﬁt 9 e(a) E%O%?%S&Q%%gs OfZﬁeB. I n
order to bshepriesslifoemenpngitied, Ttas bﬂflﬁmWfahdnfefﬂsmmmanﬁadS“ dfete@d 390

between the interior and exterjor spaces relative to the seal 10. This
pressure d‘l%fl%lé rRAgic ot Ssgi%lﬁle%rpéﬁe %ﬁ? presens e pizedansiallisiednd si de, or

by decr eas&@c@dc—ﬁ%‘éfz@ p(ee e een@al M Bhriffh 1d) etk ed, émﬁla??e&eﬂc{}ugﬁ ﬁ‘%thc ase,

the seal 10 will be effectively "pressure- energize Ref erring
mai nly to the @m’f@Slllgalam\’iﬂﬁeaangswfmer%dambﬂhhecbomﬂ amawlaf &g tportiangl 4 wih the

pressure-enerqgi zed, nmetallic.sea now, be dj scussed in re. defail.
B of et R A e PR e iRt P Yo Bt R o, e RS B
conput er aRidtiehk)asdt st dmd, th@@éshqo rbRaRs entgarwai thge&mﬂmuweﬁfoft& rH%?'
sheet material T |sﬂprow ded such as in a rol or the like. The netal

sheet mat shegimateisdd . hEmgohe Seqond snsplai hg@gmc@tlefels still ptiacket! txtleseeb of the

conar i ond AR ETE: S She BRRLAPHRD To0 ke hifaf it Sl BRF 101

as a carrinegtalfshecthohtdtindr bhendeatwdQly @émithe pISnd6f he nidd1mBebt niftegQur se,
i ndi vi dual._sheets of netal sheet material can be used instead of a roll of

cont i nuoudOPRAlal Bskdn pap 8f9G seqondgr dpabeutapmadhin themgtal shedmaieiadrl al

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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Tis fed into a sheet netal form ng machine in a conventional manner. The
sheet netal formng machine is preferably an automated cutting, feeding
and progressive pressing -12 nmachine. Next, in step S200 the netal sheet
material T is cut such that the material which w |l subsequently be bent

to formthe seal 10 remains with the netal sheet material T. In_ the first
embodi nent MetH shesd prageriahfl, thedirsfegnulapedge Eat thedirst frae endfsrfage TR ds psvob)

forms the a}giafl bnd BRS r%ﬂ%& wllt y ?e?%we t§ amg mén laﬁ?%f ﬂﬁ% étgir 19&91?%@1_?2{1 1t he

pressure-energ zed me |c sea er a t'hat

ext ends ar {ﬁﬂﬁd]t heAsesretir}afe11a,>¢hesfcﬁiow[x@ﬁie]ctlbba{ttemsn'zahﬁty Eﬁﬁﬂy, pbh@bd&leﬂﬁl ve
bendi ng oper atifpns are perforned. Preferably, the edge forned by the first
(W

cut is benfrgifepmtiahe’ %ﬂ%ﬂbawytqﬁleerr%méar difegtaenahinras reéprwt%@ﬁetdwecﬁw %Bne
or nore aulonnted s%a maﬁHér%dﬁgoe{rqlﬁfﬁn&)gén?%laﬁﬁq{i th&ﬁiﬁ:e W@%ﬁg&%&ﬁ di es

of the sheet netal
mat eri al Tlln*bnwfnmm&&@dlngifypﬂm& tefigs, laaaul@zeartosisscs@etlnecmaéenprmfamhcm ghbuldhe

pressure- ege i zed, tallic seal 1Q descrl bed above (i.e., the central
annul ar § PRHPEEES D TCREVE {9 & Cé’ﬁﬁ’tﬂxé?wﬂ@élf’p@reﬁ‘?%ﬁw@“%th the first

annul ar convex seal ing surface 3 (]ﬁ,@g C}?ﬁﬁﬂﬁgTa””m ar leg portion 14
with the second annul ar convex sealing surface During the bend
oper at i on [06p5hul tReféreingend todpmret 1 bhe,)a mréss&teemeﬁ@@éﬂ seahl (sipalccdri@ancenai ns

intact with.the conti usme of the netal sheet terial T, Thu t he
second annlit SRy 'ﬁq%aﬂef&@ {18 TpseR T pRUAHEH 1 PRE*RIRIBSDF ThHRral 2t al

sheet mat egii@ls sIcmﬂfén@Jodﬁrhemb@m@hM1%&@1@ 58399, ofttltftem@t'iérhb@dﬂn)énﬂc eﬁa&?@im%eal 10
of the netal sheet material T extends outwardly fromt | ane o

met al  sheeteahditCeinedesta piu[‘f@mﬁ of (fien) modifedstalep2 254 00, view séﬂa@mmlrbarruﬁz bne’veeuut

s made | rreta t this
inan out 2o Al ARS Ssehd SFioalBEl Boarps® NPk S edfaP b s iRl o
sheet mat ahé hrtsTof tA6 €04t @irid@Hinerk Rl bE ?ﬁzeﬁ"t‘ﬁ’e Sdndrlef@ence AuSREANE (haPAMS of
edge) of the pressure-energized, netallic seal 10 is fornmed. During this

second or the fifgenbadineg Qs VER 0le ParkReofals éﬁcoeéemmggn@wwéﬁ@ lﬂmﬂc&} ©
pr ef er abl 3{1 gé&l‘?% (ﬁ‘{hc Epst eﬂ;%a&fﬁpe%t \V%}(i_:go%% 1%(9,]%56(1 %%?Clth(lf\/la{e}ﬁ 1 l%l?l!rl]y the

cutti ng step are acnl eve mate punc |ng OI’

li ke, [ooa&]thaheleb"elﬂtdmg defcritions §B:Di®lul;1$atﬁfn§fvﬁll abduy npelly @hnRddUstdgeone or
nore progressive dies that are automated for_ consistency and accuracy. In
ot her wor @8tWeeR thisseenmdicaebodipei @sd theetisgt eakedigienp eterordnglysit prlber abl y

utilized iaBpQ@ﬁ't%QHOS%Q%leﬁtnﬂhesah@ﬁem this disclosure that the descriptions and

iflustrations 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 1dentical 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 is
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, 20¢ and 20d of the first
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material T. The cutting of the first annular edge (i.e., the first free end
surface 38) of the pressure-energized, netallic seal preferably occurs
before the bending of the portion of the netal sheet material T. Also, the
bendi ng of the portion of the netal sheet material T preferably occurs
before the cutting of the second annul ar edge (i.e., the second free end

42) of theSHredigifng- Esy Eﬁef@@i 21gwrefprably ks gimaamumuarpssesee tenab sndth tept &f the
portion of etsg'fhan % lai 1c Q%etthm&{d %laxﬂ_nunb vs%%écf%tngledthaﬂV ed&%hél

the first ree en i'S” noved axi a en radi drfly

outwardly fiest amlbtlémiant)eat ﬂm mﬂr@@ﬂ@f tHahehd@iradrs Sheet thatibe QQ@|aIeﬂocat{3<Q064]
As used herein, zﬁfol | om ng, directional terns "radial I‘a/ axi ally
peri pher al i, seal(glp rfiERstona ideptical do (s sealdld) ofihe Brshambe 1ﬁielﬂhrpr§qu@éfﬂ9(§nal

terms refef i QubResR @bd ?ﬁ)tfnglgﬁesoefn aﬂﬂﬁﬁéﬂdﬁ{rgecgo {ﬂgrlﬁr%c%‘?x%rng&hgﬁg’ ng

around a center axis In accordance Wt

Accor di ngl sachtoidsetabe2 Hsprefesatily ilclzied at axidis extbﬂnﬁn & bperﬁﬁ@ﬁ@ht Eadhvegidlliyon
shoul d be int reted relative to the center axis wth the present

Chvent i on. CSEEEREPENE ﬁ%&emﬁfﬁ[f@e%lsf] formecbss anppen sidedsslet; thetrig gpeaminte g
pressur e- enard 286, 5 [ %Rﬂﬂ the
pr esent |nvent?on mﬁ@%hﬁ%&ﬁ1éﬂg§%?§#ﬂe ﬁ%&%&gﬁﬂ%@ ﬁ%ﬁﬁ?gwgg@gth
enbodi nentthas thedelst 20a20%, @0t hed E&Ebfﬂae findt etrtbedimarst enbodi ment, except the

seal 210 i es pl yr (four djfied tabs iew of the
simlari tﬂﬁém Theprg i %’as ﬁci)%?%ﬁé‘ﬁtf%et %Cﬁgessagff%awe%e
second enbeghréRRBto Uﬂ%alalr()eoﬂ tg@ﬂis't Eﬁﬁlbo@hﬁqelﬁ hﬁo@@veﬁ Sit 9vf111 %Q%p}f)ah Elﬁtto %mg’d' ment
will be given the sane reference nunerals as pa

enmbodi mentskiljagria dheestt ﬂlah@eplaatalsfonmngM®hw¢bm®dmbdvmnuldtlhae ‘L(abfeshghﬂy

i denti cal arts the first e ussed
and/or il Ilﬁcg 1ﬁte{i1§c]f30 IR F@IP Rl é? ﬁreategg? ﬂ@gﬁpefiﬁﬁﬂaﬂ ?ﬂg ngé i ptions
and ill ustﬁaﬁﬁduqmstthsbdonﬂ@quﬁlgmvéprﬂeﬁcﬂfbdtéﬁevéiwt)mrxﬁ%e%@ﬁodlﬁ&l16@@51&6rhil1§msecond
enbodi mrent and the first enbodi ment. Accordingly, it will be apparent to

those ski &R tp gregipche modiffesifrbni2). di scl osure that the descrl ptions and
illustrations of the first enbod]L E%/Iﬁ@)ﬁ%t o this second enboql ment ,

except as explained and illustra her ei 6] The seal 210 basically

i ncl udes @0669}st Refuliags ndve g mgntdsqrr ahd,18aiDekrh 4186 reSREOBLLranB ke 31 @9
portion 214 and,a central ,annular portion 16. The second annul ar le
portion 211213?@1@8&@%%”&3’1 thirg) epypadiseas AthedveRcal iny &Y 1l ihY ba et anp® fir st

enbodi Mentphe 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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except the second annular leg portion 214 includes a nodified second free
end 242 with a nodified annular flange 218. The second free end 242 of the
second annul ar leg portion 214 is identical to the second free end 42 of
the first enbodi ment, except that the second free end 242 includes the
modi fied tabs 220. In ot her words, the annular flange 218 is identical to
t he annul afrops-gefienalghape idpetical ?f@tﬁlétrﬁﬂ@dlané%tp'@ﬂmb?p@f ihhéisinmbbémqm,ange

218 | 0 2 h
enbod ment a5 S b AL BERA e COORTk R H0B34 7 RRe e PN BEE R
wi dt h smal petioh3as. Shﬁ11&r@b$he%@onc?ﬁﬁula¥@§g o2 Okt Bfs o R6sstdebBdnal sHpe

enbodi nent,_  Thus, the seal 210 preferabl has a maxi num cr oss-secti onal
wi dt h t hat idegtical & therspepndampuer Feperiomihof the &rst embediovest. @k bentdhe seaend

cross-sect} di nent t he coners,, O her
t han t he cc;ﬂrr@?% 1\%1@ oo ée en&%gglaa? n%{’arﬁgp% et‘h trglte nu%iﬁoﬂg)él%m

di mensi onsThuuae el seabnd a:mt;me leggaltidi03 Of intheed & Ebn@ Roedharent witkafenabt y, at
| east two e t abs 22Q includes an axi al Ii/ ext endi nghopen 221. More

oot 1 oo fine SRV B aaan Sl tores s AeRBIg R GBe o oARPas byl 320¢
ext endi ng 1pReRkNY %%gengﬁg%geﬁlﬁ%@ﬁi% an%%@%ﬂ%ﬁqgé?@nn%sﬁ%y ve t%ﬁgﬁ%ﬁ@ 'y

formed as an open ende 1's open rad
directi on.315am|d tb¢ tabh 82098330222 0basd a2&hailtbel radindy diwirdhefidmavesaabhd shape

t han t he tabs, 20a, 20Qb, 20d of the first enbodi ment 0068] The
coal 510 1 RDUE e ohA D P Hea nEH s o HtRed [dedt pihissoaBols 1

reference é}ﬁLlIahﬁaﬁﬁcai 1 8119 bQ&célHﬁd&'}th%i tOQEgtgglhﬂﬁrﬁ E@%\f e first erm)chlmgﬁt

apparent to those he art formng
descri bed eabmléhmmml tfmge Bb8 @eeMSlrgcﬂmlly inwardiyf IQfd:O(lle:ﬁlt ,w1}1 betippdredt)toi n

d | 210, i cul h
Second outbrsTuledsn Fack] 0 RERRGI e BESos Aguon bR kR sl n
order to Glaggtels ReedynslbE bﬁ@tﬁyﬂh@dz%@@aﬁibﬂc&%@\@% é\%l\fﬁd&o&%&r {eferring

now to Figures 17 and 18, an internally pressure-energized seal 310 in
accor dancécwmlﬁoéaf?Iﬁh@r@V@ﬁﬁb@bﬁ&ﬁa 820h,380preddid.i nvention will now be

cxpl o neccarite PatL Rty U SHERATE AL UL ISTH SRR .
t he part s refbrenbetd the Séalﬁ@bﬁ@hd@z@i emBEmeRE| HowdRr af willbs apftréd tefleRei ment
's basical I(IYIC(III (1jne Bltela?'tatlhaittge Enhe?ai Sf(i?zlnné glagfunte r(]igscfnlbteg tabc?vr;bwogzlﬂ(rinigzie 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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except the seal 310 is designed to be internally pressure energized. In

ot her words, the seal 310 of this third enbodi nent has a reversed
cross-sectional shape such that the seal 310 can be internally
pressure-energi zed, as best seen in Figure 18. In view of the simlarity
between the first and third enmbodinents, this third enbodiment will not be

di scussed 4h0IPHHIS foﬂﬁﬁt@mé@lﬁlhﬁlsd@ﬁ@ﬁlﬂy Heniésah to tatshir21 Oofighefsskorsni ng

descriptio t 0 rmlnl on the differ
ot von { pEROBRhent, i HRLANA 0N ilei L AGHS TR BeckiFe B LERE M Ther
will be app@mnthetsealtMOﬁt}akmdlﬁobmmdﬁrh@nax@é a t&RMeti Rt des-seithomhDSMpesiichat t he

descripti og}s nd il] ustratl ons of the first enbodi ment al so apply to this
third enbo Fr@&%seaé%l Eepr ba sntapplilnpisamremer Bizedige basteaehisrdewe 20007 8iewThe

seal 310 b@?fhﬁ@ 1‘!11}'211119 g%ﬂ&%@ﬁ dl‘?e Fbost anﬁ%'ﬁ&ltl’fflé h&gnféﬁ h?{'@ﬁéﬁ e@oaﬁﬁéﬁ?guﬂ

annul ar 1 eg portion central annul ar por TSt
annul ar | egotpimrchsscosseajaﬁd/fmaslhﬁmtedil d;ertmﬁexﬁm:tlle@ml th&ff@lnlﬁvmgﬁeidr@abni el

first annul e qQr.tion 12 of the first enbodi except the first
annul ar | e’éﬁ‘ﬁ‘é ttq%éﬁv Qf%%%@é?ﬂds@nr%iiléier%%wéwa@yﬂm@W&l ﬁ@b@ém%an%mw ar

portion 31&.oS Q[hbé’d;hbént t}l&oﬁﬁﬁ@?dlt %PIE g]é%on DAL 91811?&41 tﬂ@i{t"ﬁom s ¢

cross-sectional shape identicaf”’tot annu i"on
the first dntodiretnt theebescafmtmhhandsﬁlustmhonanﬁﬂieasmdlﬁlganmfdtman aBbdpektends
the central nnul ar. portion 316. Thus, the second

di al |
;ﬁnlu?ary I 3‘%?’9%8@’%@5’9“&@‘%’&5 9"@%‘8%@14 Elééi@% ‘3"3121 with an annul ar
fl ange 31§obayi ng T%e@leeﬂ"@b'b‘ébicé?fy ﬁl@ilﬁées?’cxzﬁ)ﬁr ad RO [ 83'12%3;%@011d-r§?nu§£§b3

320a and 320c  have axially exténdi ng openi ngs 321
therein, rles p@iéloiﬂ\ﬂé Fyand ‘Rmntmlatmgldar BagomAto.t hiee ﬁmbanrﬁﬂﬁd@g B@(Dﬂon 4320es and

320d e te di.a nwa 0 e ond an 314
Covard t ne Sontr AT UGG tenh Bl Py T 1o RorBRay s toRfinbaidns,
flange 31&xb&ptb@@ﬁf‘sﬁhﬁﬁhlérd@@%ézﬁ@h 409 kB8 AL 9ﬁn&mng@or&%h%m&ma{dunaﬁt
enbodi ment except the annu | ange 318 extends radially inwardly. O

course, i tPORieT 4Ke Sipparl¥nhe sesongd ﬁa@éalslrag pp@wnu 41 4th|ae a&rttssm@jmna?rﬁlgpe

di scl osur i,onal th r fl ange 318 needs
(o e ol T il b CaRg s O Bl IRE of he' S imens SRS B8
acconnnda@axmhemneMekﬁ@ﬂmﬁ@b$uﬁ%ﬂﬁﬁs%&ﬁﬂh@%&%ﬁﬂ@%@n@@ﬁdﬁnﬁQQ%ﬁhmIb@u%ﬁa
310 is basi galTlé manuf act ured using the nmethod descri bed above in

ref erence 46 thEs.deaiecend gimuadeg peréipn &b builidsa @ sceadevasrendidd 2wl ape

apparent  t,0,4Rogs, esl '8'143@91 ag)l%ﬁﬁgﬁd’{ttﬁl%sh%m [PeTBLSH. L24MMY. IRENLHE

descri bed above woul d have -t
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 fo the reversed arrangement of the seal 410, the first annular edge (i.e., a
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nodified (i.e., re-tooled) in order to create the nodified shape of the
seal 310. In particular, due to the reversed arrangenent of the seal 310,
the first annular edge (i.e., a first free end surface 338 of the first
annul ar leg portion 312) is noved axially and radially inwardly relative

to the central axis O of the seal 310 during the bending of 'the portlon of
the metal Srédice gad apfase 438 ohtherdast annalar jasgrorizanttge sonevahanialbrandggdially

portions 3: 316
'n & radi sl dreg et EERE GRS St bl BN BRL 8 be UL P RRRLAR, O
cutting Ocﬂlﬂrzﬁetaltshaetrrﬁzdbladl shecakt the ffr;urahheécohd@fﬁhﬁlhleleg pexmiohahlmmdsaim t han
the second cutting, rather than closer tao the central axis 0 as ip the

first enb&FRbEFAHENiRIheso vERTa] potion 4 ﬁéﬂ’efrlraﬁﬁédﬁﬁﬁoﬁldOWf‘f&l}P%s 19 and
20, an intgrpg| %{Ms@re&&dfﬁ&la?@e{hg'fﬂﬁ%uﬁﬁ%locéﬂlg at 4 Phd ?a[%aﬂ@fmmﬂ]ehlamhéourt h

enbodi nent o resent invention w be expl al ne parts of
the fourt hceeutﬂabaiim@rﬁmﬁ thetseaund duttagt tatladr thiam dideer tbaﬂhb sertfal bk G g mtthe first
enbodi ment  wi || be given the sane reference nunerals as the parts of the
first embodpf ®NThe seal -16 410 of this fourth embodi nent is basi cal l'y

| denti cal fhg7ipe Sﬁﬁltel%i]s%f(ﬂ gﬁe@@u&?&ogg’os.t@ggﬁw Bt S04 Wgéro%ﬁﬂatéﬁahs 410 is

desi gned to be internal ssure enerqgi I'n ot her the seal 410
of this fouwed Hwenbmdammﬂasmmammﬁbﬁéwwim th@nm)dd'redltemhwh teatdthe entdhat

the seal 410 .can be | %‘é sur e- e@e ]gl zed, best seen i.n 1Fl ure
20. In viewH ‘r‘-‘“t"h%‘gg‘i lﬁf*ﬁlt *1%/18 t VB EMAPR é%‘ﬁﬂn%ﬁ%ﬂl ot R daT

this fOU"tahd@/rm%'dT%E‘IeaWil 5o, J19he ﬁ%dﬁ'ﬁcﬁ@&ﬁ”ﬁﬁ%@ﬁgﬁﬁ)ﬁoﬂ \vaﬂﬂﬁtnoﬂﬁﬁgité fRcdet a' |
herein. Rather, the follow ng descriptions and illustrations wll focus

mai nl'y on mening $f e soed s thedifiesn this fourth embodi ment and the second

enmbodi nent cor a r.ent hose he art
Froo i o rogfe T R S sbiedtie b RRRIRRE nid deRaSeR s PréshE Sttond
embodi mentinadrsienaip iy b%@g drbihtSo fise t1eMROEE AR Hom B 8REloAS xphadined and
illustrated herein. [007 The seal 410 basically includes a first annul ar

| eg porti Ghaages angd nscé?eféw@oaﬁmn %@rmaqktlger@iwxﬂwnt deppriznaifremden ok oAUl ar
t 4 t | sh
Pent boal yestpRat pediedtiam AochiS GRGH Fr Sle uleniitatidhehogne Snere

except t helsoiesdppabtd drcul@gegloblsb dr. Aldrcaki el svithadbodddyorianfiargdl y from t he
central annular portion 416. Sim|ar Ify t he second annul ar | eg portion 414
has a cros: élﬁélgl@gqrgﬁgp furapeg 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

invention is not limited to the disclosed embodiments.
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identical to the second annular |leg portion 214 of the second enbodi nent,
except the second annular leg portion 414 extends radially inwardly from
the central annular portion 416. Thus, the second annular |eg portion 414
i ncludes 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 axi ally extendi ng openings 421 forned therein. Preferably, each axial
opening 421 is fornmed as an open ended slot. The flange 418 and the tabs
420 extend_radially inwardly fromthe second annular |eg portion 414
toward theWaahgriaimgkiss 0 of the seal 410. In other words, the annul ar
flange 418 is basically identical to the annular flange 218 of the second
enbodi ment, except the annular flange 418 extends radially inwardly. O
course, itl.willApesappaneapized onatdibe ecab far lstadin giamiatli daciret anhplgnsurfrices,
disclosure(}h@%nﬁhe cross- sectional shape of the annular flange 418 needs
to be slidhpﬂy M5di fied at the corners of the seal 410 in order to

accommodat e t he deairgirsnadat phisodt 2endiDarélndlhecnsabdxi4 L8ldicenthdahaddr] y
manuf actured using the nethod described above in reference to the seal 10
of the fi rR¥IAWHY te FeFeondiengy | | pe apparent to those skilled in

the ant that thegeeialial REPoRGIRERINE RS &id BRd APONGIMRUIE A tho be
slightly nodified (i.e., re-tooled) I'n order to create the nodified shape

of the seain agnglar {igst frpaend, sad &rst agmdarteg paron byense HrsapmudaeARYX of t he

seal 410, t flr le. (a8, - fi -1 438 of
tho first Samnh e S Al ik G ol I 6% SARFHL 68 200 0
rel ative to the ssemtdraahulaxieg pOrtmh extradisgdtordddd shepndend dfeaidendiraig of t he
portion of the nmetal sheet material, such that the first and second annul ar
Poq port | cEiol R Tiee Sady Bicrer fanirg: ke ghitonde bk s AROER: por 11 on
416 in a rafial seHlifefifa®Nlyiahdeddd seARBIAle tRat iSpdebentitilid kdfiad Loniral he
first cutting occurs at a radial location further fromthe central axis O
than the ot eagerd Hec cidalisaid seennd leg pybipn heyinhen wwwtar Jenge@dendings in t he

first e m@llgﬁatsaidhﬁ}gﬁaﬂi&g&gg SEAR pRnclRH ARPHEN 37 sclRkAM Moy

"about appr oxi nat e erein nmean a reasonabl e nt of
devi at i on infn thel dizpdiidn wdvatdsrsmdsirsteetlivat pladee seddnnul@dlahge exgemiong

significant| hanged. Eor .exanpl.e,.these ter can be construed as

el udi mg DA MR B B 48 FRRYr kS or b e FRuat raget BRhd S0

devi at i on flaagd @ eRPdschOGRh @ichRe in ARANAINGretfiord Bem\wRiddirkttsesiD@ flaeSoward
said second sealing plane, said central annular portion, said first annular leg portion, said

second annular leg portion and said annular flange are formed as a monolithic member.

2. 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;

a first annular feg 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 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
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[0076] While only sel ected enbodi nents have been chosen to illustrate the
present invention, it will be apparent to those skilled in the art from
this disclosure that various changes and nodifications can be nade herein
wi t hout departing fromthe scope of the invention as defined in the
appended cl ai ns. For exanple, the present invention could also be applied
to circular seals also, i.e., a circular seal wth tabs and/or a flange.
Furthernore, the foregoing descriptions of the enbodi nments according to the

pr esent |nvent rovi ded illustratjo and not .for. the

P pose of Mgk guf eish et sariehot By e Ranasal SRR and
their equitsaheRSd fi i‘T&llééalmﬂfvgﬁar@C@RBaﬁhlafr Mangd sT%eRAtseQ@MdiffeeROd ckiefdih@rh 4 0 t he
di scl osed enbodi nents. - is claimed is: 1. A pressure-energized,

metal |ic ségi! digcligravenfomenid deyral aenlar povhen airleastasfapessad lshiss ng a
central anay aﬁﬁmi%ﬁhaﬁ 'bf%p%%na%e@eﬁ&'gl@wé On Q«J >fbcﬁa1 ﬁé&@h g%%?

annul ar portion aV| irst end an |rst

portion emreﬁdmnmfuﬁhmnn saildadialdgectemdhaf adjaiedt pﬁevstotf adid pmnﬂardhngﬂa an
annular first free end, said first annular |leg portion having a first
annul ar convex sealing surface lying in a first sealing plane that is

per pendi cud.ar tThegaédumeantigdled axétallicasd a@c&@tﬁ?ﬂdci&ﬁtﬂﬂhﬂ{mélﬁgalﬂ(ﬁaﬁi on
extendi ng from said second end of said centra portion to a second free
end, sai d ‘BEEHHRARASH PRsNGIPEt PPSH havi ng a second annul ar  convex
seallng surface lying in a second sealing plane that is perpendicular to
said central axis, said second free end of said second | eg portion having
an annul ar4.f | anide mm&nﬁgizeﬁan@thllﬁelseai oceadidg £ ¢laim anchosenewid tabeal i ng

pl anes anqnﬁf@%%$ c%@%%tﬁg&%dﬂw§ gllng plane in an axial direction

t owar ds sal PretPeeal aneé, sai d annul ar flange extending beyond
sai d annular flrst free end of said first annular |leg portion such that
di.rection fromsaid

sai d annul e i s exppsed n viewed in a a
first seal¥ aj R A S AT ag@afipplp Fiib S SELATTAT annut ar
portion, Sﬁllnge bt Jaﬁi scRBR & enldeiﬂcl@&rsta';ﬂ’lﬁlallt%fgadlﬁgﬁé%‘f@ldﬁ%ﬁhﬁsgﬁojg@iﬁhgoor tion

and sald annul ar flange are fornmed as a nonolithic nmenbe
pr essur e- dwéhagithradidiasentaiarts ef sehannpbsr flgegd i ng axi al |y faci ng annul ar
surfaces, conprising:

6. The pressure-energized, metallic seal according to claim 5, wherein said plurality

of tabs are peripherally spaced from each other.

7. The pressure-cnergized, metallic seal according to claim 6, wherein said annular

flange of said second free end includes four of said tabs,
8. The pressure-energized, metallic seal according to claim 7, wherein said seal is
substantially rectangular shaped as viewed along said central axis with one of said tabs

located at each corner,

9, The pressure-energized, metallic seal according to claim 7, wherein at least two of

said tabs have an axial hole formed therein.

10. The pressure-energized, metallic seal according to claim 7, wherein at least two of

said tabs have an open ended slot formed therein.
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a central annular portion extending around a central axis, said central
annul ar portion having a first end and a second end; a first annular |eg
portion extending fromsaid first end of said central portion to an
annular first free end, said first annular |leg portion having a first
annul ar convex sealing surface lying in a first sealing plane; and a
second annul ar |l eg portion extending fromsaid second end of said central
portion to a second free end, said second annul ar |eg portion having a
second annul ar convex sealing surface lying in a second sealing plane,
said second free end of said second |eg portion having an annul ar flange
ext endi ng SUDStUARL ALY Haf ?ﬂehq{qetﬁmc%@dlgcédrﬂﬁé tc;l-@al?d"ﬂ WIREAN 418 8l higa Pl anes
and offset fromsaid secon§ sealing plane in an axial direction towards
sai d firstsubgtantialy (hihaned trwmsmmﬂ sectionah pepdilods Yavel iseasnphdrrlee end

ext endi ng &Qm@bnradlal direction away fromsaid central annular portion at
| east as far as'said first free end, said annular flange of said second
free end including at | east one radlally extendlng tab projecting further

in saidr irection than adjacent part aid, a nular f.l ange. 3. The
bt esour e. efer gi DS HEPARFEC SR AE ST ArRES (T aT ] SO FEF AP0 d ¢ ab

i ncl udes agpaxitally FREMo G 5&?8@@1& R&IREM corfers hR Qichicg §1$)H{, s ai@ REMteH! 2£id,

netal lic seal accordlng to claim 2, wherein said tab includes an open

ended sl ot forned therein. 5 The pressure-energized, netallic seal

according ;0 cl erpléssuy% %ﬁ‘étglhggér}%la@goxdlfl WY&, \&?&Qn% ?«frﬂhﬁ@e end

i ncl udes a pIu ity o Iy ext ng tabs proj €cting er than
adj acent p@nkmcmhrﬁmpda@m&mhhdoﬁgan@emn@laﬁhe pressure- energlzed, metallic
seal according to claim5, wherein said plurality of tabs are peripherally
spaced from each other. 7. The pressure-energi zed, netallic seal according

to clai m g4, Whemniphessit @nained ahetallit st @chdis@idkclSar DRcheldig 8aié Migkstiand | udes
four of said tabs. 8. The pressure-energized, netallic seal accordln

claim7, WREWEidnEa;lge paiions extend (yswaidiy Bpmyaidsentsl Ghnyrr ROREQ ayadip ewed
al ong sai %u%gtmr{ﬁ,ay%ﬁhﬁséﬁﬂk&tgﬁlgxlgf said tabs located at each corner. 9.

The pressure-energrzed, netallic seal according to claim?7, wherein at
| east two of

15.  The pressurc-encrgized, 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.

16. A pressure-energized, metallic scal 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;

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 that is perpendicular to said central axis; 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 sealing surface lying in a second sealing plane that is perpendicular to said central
axis, said second free end having at least one radially extending tab projecting further

than adjacent parts of said seal.
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said tabs have an axial hole forned therein. 10. The pressure-energized,
nmetallic seal according to claim7, wherein at |least two of said tabs have
an open ended slot formed therein. 20 1 1. The pressure-energi zed, netallic
seal according to claiml, wherein said seal has a substantially C shaped
transverse cross-sectional profile as viewed in a peripheral direction.

12. The pressure-energized, netallic seal according to claim1, wherein
said seal is substantially rectangul ar shaped with rounded corners as
viewed along said central axis. 13. The pressure-energi zed, netallic seal
according to claim1l1, wherein said seal has a non-circular shape as vi ewed
al ong sai dizentTiad préssing-endrkizedNRcRIRSSM e ML % 8186k 1 6BHRN 6aig Al

according to claiml, wherein said first and second annul ar |eg portions
ext end out MEMEFSAfAXEHPRANRE ©anet Biereimnul ar portion in a radial direction
away fromsaid central axis. 15. The pressure-energized, netallic seal
according to claiml1l, wherein said first and second annular |eg portions
ext end i nwer:dl ylHernoerssraicd cigenetlyabtabiosed] accqpding k@clainn ! @ whadiimbaid tibr ect i on
toward sai; ntral axis. . A pressure-energi zed, netallic seal for

seal i ng afggﬁﬁ% é@?h&“%ﬁﬁ%?&?“?ﬁ?@%%&e, conprising: a central annul ar
portion extending around a central axis, said central annular portion

havi ng a f#rst nd and a second end; a first annular |eg portion extending
from said ¥ rstIiERgessesarigizedipstallic sy greordipg to %lﬁma}ﬁam%&rem pFd pecpide end,
sai d T1rstRnabloptaid &G oR@IkIRRIIMANEINGes: Hiinhfiy cff@éwélgr xR tabs eal i ng
surface lying in a first sealing plane that s perpendicular to said
central axdirgiectingdurhes doaoradasamiaes of gagd prak.t i on ext ending from sai d second
end of said central portion to a second free end, said second annul ar |eg
portion having a second annular convex sealing surface lying in a second
seal i ng pl2ane tThatprdssurpengeindd,andtallic tenl sadotdisgnt dlaln 1Rxikereisadidl second free

end having at .least one radially extending tab projecting further than
adj acent g’é‘frﬁléty 6’? tatsbéﬁ’d’ RSER ‘?rglé}ng/Pa‘3‘3‘I from cach other.

21. The pressure-energized, metallic seal according to claim 20, wherein said second

free end of said second leg portion includes four of said tabs.

22.  The pressure-energized, metallic seal according to claim 21, wherein said seal is
substantially rectangular shaped as viewed along said central axis with one of said tabs

located at each corner.

23.  The pressure-energized, metallic seal according to claim 21, wherein at least two

of said tabs have an axial hole formed therein,

24, The pressure-energized, metallic seal according to claim 21, wherein at least two

of said tabs have an open ended slot formed therein.
25, The pressure-energized, metallic seal according to claim 16, wherein said seal has

a substantially C-shaped transverse cross-scctional profile as viewed in a peripheral

direction.
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17, The pressure-energi zed, nmetallic seal according to claim 16, wherein
said tab includes an axial opening fornmed therein. 18. The
pressure-energi zed, netallic seal according to claim 16, wherein said tab

i ncl udes an open ended slot forned therein. 19. The pressure-energized,
netallic seal according to claim 16, wherein said second free end of said
second leg portion includes a plurality of radially extendi ng tabs
projecting further than adjacent parts of said seal. 20. The
pressure-epergized, nmetallic seal according.to claim]9, wherein said
plurality & fabe @F%*“I&é%etﬂ%@ﬂaiwﬁ%eléac st S 5B SO AkeIe g T
pressur e- epatigh, 26, firbBEShdrtin GRPSaiPRELOE MR Pofidn Gl M 2iedBEREs 321 d
second free end of said second | eg portion includes four of said tabs. 22.
The pressuP-RfE BrAEWMeHdeal | i ¢ seal according to claim21, wherein said
seal is substantially rectangul ar shaped as viewed al ong said central axis
with one of said tabs |ocated at each corner. 23. The pressure-energi zed,
metal | i ¢ sZal adtegrdisng-dnergiied] meRllic seiexeirdingto tlems 1 6,twieereiokaid acad it abs
have an axj al, hole fornmed therein, 24.. The pressure-enerqgi zed tallic
seal accor%li%?ltﬁrnfagyé?cg?nr%u ,Sha\‘ﬂ‘?g?”éﬁhﬁO‘éﬁdegé%‘?mt%ww&fj aﬂ%gga‘tdacﬁglr &V& an open
ended slot forned therein. 25. The pressure-energi zed, netallic seal
according to claim16, wherein said seal has a substantially C shaped

t r ansver secer oseEESHSAETgcHr mplalligseqliagsmading fo elaigef o.prlsEdn saidseabbes on. 22
26. The pressulifuenshh2sdiewtBhRbbistidtealaagcording to claim 16, wherein
said central portion, said first leg portion and said second | eg portion
are constructed together as a one-piece, unitary nenber. 27. The

pressure- rgi . |l Li ¢ seal cording,to, clai 6,. wherei.n said sea
is subst gir?t'ei alﬁi;%/ %3 B¢ r%%&allgng: a’slﬁ(étr%@l S\‘?ﬁltaﬁcog(gﬁ% &)eﬁalé%}%g?}éerc&% s g‘\‘i\% "l ong
sai d cent rsatorgbainsular 28 porfioas prtesbout@aeiefrgnzed, cenedl ahhiler S@dbn ficc@ddi ng to
clain116,%¥herein sai d segl ha? a non-circular shape as viewed al ong said
central aXiSUSRWRHLOM SUSEREA 8H&r gi zed, netallic seal according to claim
16, wherein said first and

30.  The pressure-energized, metallic seal according to claim 16, wherein said first and
second annular leg portions extend inwardly from said central annular portion in a radial

direction toward said central axis.

31, A method of manufacturing a pressure-energized, metallic seal, comprising;

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

a cenfral 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 plane
that is perpendicular to the central axis, and a second annular leg portion

extending from the second end of the central portion, the second annular leg
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second annul ar |leg portions extend outwardly fromsaid central annul ar
portion in a radial direction away fromsaid central axis. 30. The
pressure-energi zed, netallic seal according to claim 16, wherein said first
and second annular | eg portions extend inwardly from said central annul ar
portion in a radial direction toward said central axis. 31. A nethod of
manuf acturing a pressure-energi zed, netallic seal, conprising: feeding a
netal sheet material into a sheet nmetal form ng nmachine; cutting a first

annul ar edge of the ressure-gferg'zed, nmetallic seal in the neta{ sheet
material that eXTRNHLVAIEAIEOY FBHILF SPNVEX SLINBSWRGIYIAS Bot 1598 BPlithe net al

sheet material gghtOLT BerPERBRIRLE tHeQBANal RXRS ddd®u@ing 4 f6ond annular edge |
pressure-energi zed, netallic seal that includes a céntral annul ar portion

ext endi ng ar ourff thderessaritengreiesds metallipescaldnthrcanctabiheel raaterind e foom shavi ng a
first d d : ISt ~ i t i f th
st and AcSEEON 04y LLESKAIRML M S0P S0k, [

first end of the centra nul r h the
first annul ar egeglel tohbe first sid sood selitgggangpand offset o thg secohd ssdlingnnul ar

per pond cul ar oG gttt kel Evatiiahe A Eualte Biftrih FL§SEETon
ext endi ng fromahelasgaa68 BNGrsPinnlie | Geatt t}i@%@dzfarhnnmaﬂeg 86@id apmnul ar
|l eg 23 portion having a second annul ar convex sealing surface lying in a

second seal i ng hyppuwkar flapge 4rg fosmed andmonphithicwembe. destiiiag ohtbiesecoadd
cutting a secongd,a Iof : iR L €~ | . i.c seal in
the netal sheet %a?g#?gp ?gﬂ?%$%%§%Q g@%ﬁﬁa nggggﬁgggﬁﬁwg&ggg%ggﬁleg

porti gn ha?/i ng saTh thatrthe amntﬂe]tctre("rag?e feﬁahe m?l:iﬁn@ fre@amcgdzﬂteidlsﬂaeymldelfé amgtarand I
second seal i ng Jpl,anes_and.,of fset fram . second,sealjn ‘ane i.n an axia
di rection toma#gg%FﬁgnapggFfiéﬁPWngﬁgBW%OEBB%SFNégﬁﬁ%%gPE%{ﬁ?ﬁwlﬁnnular
portion, the fickpdsc@nmih afewle8th ROSLiAIAMecidIEN &R CIRNGksBALHBplahE@wRAT the on and
the annul ar flange are forned as a nonolithic nenber, the cutting of the

second annul ar®@dgEcBMEPHECpr essur e- ener gi zed, netallic seal occurs at a
radi al position such that the annular flange of the second free end
extends beyond the annular first free end of the first annular |eg portion
and such t3Bat (The metmg dmadnuéastyeing ghe pressure-energized, metallic seal according to

claim 31, wherein the bending of the portion of the metal sheet material is performed

using an automated progressive pressing operation.,

33, The method of manufacturing the pressure-energized, metallic seal according to
claim 31, wherein

the cutting of the first annular edge of the pressure-energized, metallic seal occurs
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.

34, The method of manufacturing the pressure-energized, metallic seal according to
claim 31, 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

parts of the annular flange.
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exposed when viewed in an axial direction fromthe first sealing plane
toward the second sealing plane. 32. The nethod of manufacturing the
pressure-energi zed, netallic seal according to claim3 1, wherein the
bendi ng of the portion of the netal sheet material is perforned using an
aut omat ed progressive pressing operation. 33. The nethod of manufacturing
the pressure-energized, netallic seal according to claim3l, wherein the
cutting of the first annul ar edge of the pressure-energized, netallic seal
occurs before the bending of the portion of the nmetal sheet material; and
t he bending of the portion of the netal sheet material occurs before the
cutting of3s5.t heTixeaomed afmbhdict@HUehobrdsfife-PRE SIS, SnRAIRE Yar 8dordiBiel | 1 C
seal. 34. The nethod of manufacturing the pressure-energized, netallic seal
accor di ng $8m ¢} diphes eomppenssrting @ Pyl apeyngin taet lsetenvitainnul ar edge of
the pressure-energized, netallic seal <creates at |east one radially
extending tab that projects in a radial direction fromthe annular flange,
the at |ea¥t onkEharaghpt of metufmguringthhpressune-tivegivedt] nedtallid seatadcomnlingtan

adj acent t f .the annul ar flange. 24.35., Th hod of .manufacturing
the- pr essuf aren Fyttsa foRatf TyirLationSaadtiioig s TR we e f ur ¢ her
conprising cutting an axial opening in the at | east one tab. 36. The nethod
of manuf ac %uri t he essure-energi zed, netallic seal according to claim
34, furth 'co%%‘?tﬂ‘g‘{% P t‘gwggb%ﬂreéﬁﬁ%ﬁl%g%?d»i"‘}?tac“f‘féseé}(aqc%ré%"fg '8ne tab.
37. The meyihipds ofynerpuf acturing the pressure-energized, nmetallic seal
according to claim31, wherein the cutting of the second annul ar edge of

t he pressure- erib¢ gitliegiof thesesbhd enrsibmiledgcofdhe pesarpbnargikid, yetdlic swdl al |y

ext endi ng, i - _ S. th hoject i rradi-al . direction
From t he i BfmabIRah ot ERREPG NG, BB Ber i bl B il

di r ecti on diteation &opacentumaflisceothettite parpetimarfufthangehe ra@al difvetiorethiwd of
manuf acturi,ng the pressure-energi zed, netallic seal according to claim37,
wherein t i ﬁ‘ittﬁaﬂgoigtie?%ﬂ%fg@ag% annul ar edge of the pressure-energized,

38.  The method of manufacturing the pressure-energized, metallic seal according to
claim 37, wherein the cutting of the second annular edge of the pressure-energized,

metiallic seal creates four of the tabs.

39.  The method of manufacturing the pressure-energized, metallic seal according to

claim 38, further comprising cutting an axial hole in at least two of the tabs.

40.  The method of manufacturing the pressure-energized, metallic seal according to

claim 38, further comprising cutting an open ended slot in at least two of the tabs.

41. The method of manufacturing the pressure-cnergized, metallic seal according to
claim 31, 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.

42, The method of manufacturing the pressure-energized, metallic seal according to

claim 31, wherein
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metallic seal creates four of the tabs. 39. The nethod of manufacturing the
pressure-energi zed, netallic seal according to claim38, further
conprising cutting an axial hole in at least two of the tabs. 40. The

met hod of manufacturing the pressure-energized, netallic seal according to
claim 38, further conprising cutting an open ended slot in at |east two of
the tabs. 41. The nethod of manufacturing the pressure-energized, netallic
seal according to claim3 1, mherein t he bendi ng of the portion of the
met al sheet nat rlal cre tiall C—sha dtr nsv rse

cross-sect i onal BFBWPSQ’ Z(tém\ﬂn&Wéﬂe &0 gr}t‘f’é?‘?iﬁ reé’Frél rBERG e &?eate?ﬁe

net hod of m@nsifgd YhdRGs VRvcRhRES WEecaner Sigasy netallic seal according to
claim 31, wherein 25 the cutting the first annular edge of the

pr essur e- ener gi P& guttingthelspeandannlacedgaoé Giepresson-copgizat.anctaiapeslas vi ewed
2l ONg e GERH Bho Pl Glar ARhLOGIGHL LIRS ADRBRCANG. annul ar edge of the

pressure-energi ze seal credtes a non-circul ar shape as vi ewed
al ong the central axis. 43. The nethod of manufacturing the

pressur e- epgr gi | C S8 cordin . erein

P et amnclar CoGany B S putusifing FERG S dleiey S el #EPidde (o « ne
central axdlsintyr, whgreide bendi ng of the portlon of the netal sheet naterial
such that the Blrst and second annul ar |eg portions extend outwardly from
t he cent ral anrftif Gst Wﬁl@ﬁgwm%é%ﬁaﬁv arer? radtally sHtveidly relplben R cent r al

axis. C-EHﬁ"alrE%ISMn%fther%ﬂHﬁlg thL eﬂ&?cl id VS R R zi;%}fée &Ez%lzsﬁ&t gﬁ‘g@' lic seal

accordlng to claim3 wher e rst annu ge I's nove xially and
radially |fn\amndlsycqnélaanmlmeleg pottibaes ecdend altwaaki Sord drd qwgtraikmnbl@nmmgn of the

portion OEH%Q%I@?Cgongwéfﬁpnq%era%?h%gggnz?gf the first and second annul ar

| eg portions ex annul ar portion in a radial
direction toward the central axis. 45. The nethod of manufacturing the
pressure- eﬂer glﬁ'ne mctlmedI 0 man%fasc?uargng,et‘ﬁg ;%regslu?gcgc?gm%l %Ie?a]ll:lsclseal\mac%cr)ﬁilmng to
claim 31, wherein
the first annular edge is moved axially and radially inwardly relative to the central
axis during the bending of the portion of the metal sheet material such that the first and
second annular leg portions extend inwardly from the central annular portion in a radial

direction toward the central axis.

45. The method of manufacturing the pressure-energized, metallic seal according to
claim 31, 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 beyond the first free end by a

distance no larger than a thickness of the seal.

46, A method of manufacturing a pressure-energized, metallic seal, comprising:
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
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the cutting of the second annul ar edge of the pressure-energized, netallic
seal occurs at a radial position such that the annul ar flange of the
second free end extends in a radial direction away fromthe central

annul ar portion beyond the first free end by a distance no |arger than a

t hi ckness of the seal. 46. A nethod of manufacturing a pressure-energized,
netallic seal, conprising: feeding a netal sheet material into a sheet
nmetal form ng machine; cutting a first annul ar edge of the

pressure-energi zed, netallic seal in the netal sheet material that extends
around a c‘é‘ﬁ‘tcgall 10 453 CIREHRACHENA PYRGY ¢ PloRe Brestkecrfsgiasd, giwedlic seabthat erial to
forma croggsnggctional profile of the pressure-energized, netallic seal

that includes a central annular portion extending around the central axis,
the central annul ara ¢soireliapnulaandrtign exteiding arewe thederdrab eiortbe esndral a fir st

annul ar | eg por . : ' fir nd of the central portion to
an annul ar fir§%h$@é§%2§%gaﬁ%%£Fﬁ%%§$§§%£%%%h %%’edge, the first annul ar
| eg portion having ki anatilaalegpoationcomnangIeal thadirswent atthelcgntid in a first

sealin | ane that is perpendicular to the central axis, and a second
ol a2 Peame i v B R T e S eubE 6 v ottt BRE PR | on,

the second annyotiorn 188ingROfirki Mulka¥eREx 3c8E ANGRMIHE & a ﬁ%E‘é&%&n? gRhé N
surface lying in a second sealing plane that is perpendicular to the

central axis; dh# ixpRrpengipular setheranizl arisatndedgeondomntlrelep Peslr e- ener gi zed,
metallic seal i [ I r , fr.ee end of the
second | eg porf?gﬁaﬁggﬁﬁgkgﬁaﬁéggg@%ﬁ%C?%ﬁ#g %@mgygéﬁﬁﬁﬁg l%%qg%ojecting
further than adjodeeritavpgratsscofd ahelasealvex déalindsuréich bdngin seooddetling ng a

pressure-energized,, netallic.seal, conprisi.ng: , feeding a netal sheet
material with &G SRR BESTRH BRned RS 2 SR IREEEE f or i ng
machi ne; cutti Rgtid drédstre-canftded! meEOR sed] ik IR REEIShs enfaeN & #ed.a netal lic
seal in the substantially uniformthickness netal sheet material that

ext ends ar ound S§cReRice §nd gkths secopd b negtien hying &b easfoneradiallipgttentingl | y
uni form t hi cknegs,FREGle KRGS HARS 5&ﬁ{¥£@(ﬁgqua_cross-sectional profile of
[ I'T1c seal [

the pressure-enerqgized,” netalli hat 1 ncl udes
47. A method of manufacturing a pressurc-energized, metallic seal, comprising:
feeding a metal sheet material with a substantially uniform thickness into a sheet
metal forming machine;
cutting a first annular edge of the pressure-cnergized, metallic scal in the
substantially uniform thickness metal sheet material that extends around a ceniral axis;
bending a portion of the substantially uniform thickness metal sheet material to
form a cross-sectional profile of the pressure-energized, metallic seal that includes

a ceniral 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 plane
that is perpendicular to said central axis, 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 sealing

surface lying in a second sealing plane that is perpendicular to said central axis;
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a central annular portion extending around the central axis, the central
annul ar portion having a first end and a second end, a first annular |eg
portion extending fromthe first end of the central portion to an annul ar
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
plane that is perpendicular to said central axis, and a second annul ar | eg
portion extending fromthe second end of the central portion, the second

annul ar |l eg portion h V|n a sec nvex sealin sur ace Iy|n
in a second sealing aﬁ'gafﬁg RaEq aﬁ@? B‘é‘ﬁJ@F rpr‘?séu‘gaﬁnﬂrgb‘gﬁ’t‘?lgﬁ Ilig gead -

and cutting a spaRnghbaBRSIBTunERER tmmemnamea@w@amwfamseaa;dafkacl  sea
in the substantlally uni form thickness netal sheet material to forma

second free enthdof terscandden potiey bpung roenrviayifapseaextensing paralicl wribe
ext endi ng par a'ﬂi antd%c&m sediin @%&Q%@%&%&‘%&%& géagnJJ%;gHg%g@QanoaffSEt from

the second seallng plane in a axl a rection towar Irst sealing
pl ane such t hataxidldiregdminrtabardn thel fast spairg e sutththaf the sentesh andudar poggn,

portion, the segc d ann | e rtion he annul ar f] an ave the
sane substanti :tﬁ s} ﬁ?%ug?i?gt%qlﬂ%'ﬁggessec? an@ﬂ%’f eﬁd’o ongnd tl%%%%ﬂd‘ At ar
edge of the predssuiR-senesgstedallyetiddii Bicks®al occurs at a radial position
such that the annular flange of the second free end extends radially
beyond the first frééc %Erlaa?/f the grcend auias gdeweighe pichawc-erraLize Bt i al | y

uni form t hi cknegg.och@s afh RUES Mo EA8HE Mot 8 anfBL A HE of%lseéd?ﬁi fReahing

axially facing annul ar surfaces, conprising: a central annular portion
ext endi ng ar ourrdteade ediatlalbegonidshe St Gecemt Inad diataned 1@ largsothan dire havi ng a

first end and [ annul ar | eg portion extending from said
first end of sg$§§%§ﬁﬁ¥aPﬁ%”§¥ICkng an annular first free end, said first

annul ar leg portion having a first annular convex sealing surface lying in
a first segling Elane t hat, %i Pend¥ ular, to said central] axis; and a
second anntt ar -t BySHBT B2 F&Lﬂi 6 RvabiRE @ iely GG SEECE: cent r al
portion tQompsiseend free end, said second annul ar |l eg portion having a

second annular _ o
a central annular portion extending around a central axis, said central annular

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 f{irst free end, said first annular leg portion having a first annular convex
sealing surface lying in a first sealing plane that is perpendicular to said central axis; 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 sealing surface lying in a second sealing plane that is perpendicular to said central
axis, said second {ree end of said second leg portion having an annular flange extending
parallel to said first and second sealing planes and offset from said second sealing plane
in an axial direction towards said first sealing plane,

said seal having a substantially uniform thickness with said annular flange

projecting radially beyond said first free end by a distance no larger than said thickness.
49.  The pressure-energized, metallic seal according to claim 48, wherein said annular

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

portion at least as far as said first free end.
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convex sealing surface lying in a second sealing plane that is

perpendi cular to said central axis, said second free end of said second

| eg portion having an annul ar flange extending parallel to said first and
second sealing planes and offset fromsaid second sealing plane in an
axial direction towards said first sealing plane, said seal having a
substantially uniformthickness with said annular flange projecting
radially beyond said first free end by a distance no |arger than said

t hi ckness. 49. The pressure-energi zed, netallic seal according to claim
48, wherein said annular flange of said second free end extends in a

radi al di r&cti orhedteure!PBReSRN dnb@Iics8d! a8dUMih o cIR@S 49, Ghetdin bf@ainude far as
said first free end. 28 50. The pressure-energi zed, netal lic seal accordi ng

to clai m 44nggaRbsasd recaed Beasisuindpdesiat nagensta allyexéeadinadalf pisiccEngl i ncl udes
at east ofifnbafl Al kai S S ot ARaREOILELEORY allidhEped n_sai d radial

direction than adjacent part a ange The
pressure- energlzed nmetallic seal according to claim50, wherein said tab

i ncl udes axi enln forned therein e-ene zed,
metallic seal '@% SrarHg S 8%5F§Eﬁ?§@08ﬁﬂggﬁmﬁngg}§!gb§§ QWEWﬁﬁgig‘n open
ended sl otinfloddyee akfaeb@ining foBnedldierefy essur e- energi zed, netallic sea

according to claima49, wherein said annular flange of said second free end
includes a plurality of radially extending tabs projecting further than

adj acent parts f pSakdes %Hél’glz@{i thdtAN8Seal 36 ISP SrERAS gliged. netallic

seal according to claimb wher el n salg%mgﬁaga 1ty of ta are

per i pher alifgiu an@amf@mhde@éﬁwmmﬁénxm55. The pressure-energi zed, netallic

seal according to claimb54, wherein said annular flange of said second

free end includes four of said tabs. 56. The pressure-energi zed, netallic

seal accoriddi ng The pﬁdsmrmcﬁ&gizwn&ﬂﬁﬁlnc s@il dccs)e:ahg tosclaisidss mmguaédld/arnﬁmangul ar
axis wth one of said tabs |ocated at

shaped as V|eme id centr

each corndf® Qfdsa%lhgg %@e@%ﬁﬁ“@ ‘%‘?ﬁ‘éﬁ’@lﬁi’é‘ﬁalltﬁé’ﬂc%dllﬁnd gRing s PIRg 8o ¢l ai m
55, mherewmﬂ&&ﬂbﬁaahc&%ﬁmn9$f§ﬁikaﬁpﬁaﬂ$ye an axial hole formed therein.
58. The pressure-energi zed, netallic seal according to claimb55, wherein at

| east two
54.  The pressure-energized, metallic seal according to claim 53, wherein said

plurality of tabs are peripherally spaced from each other.

55.  The pressure-energized, metallic seal according to claim 54, wherein said annular

flange of said second free end includes four of said tabs.
56.  The pressure-energized, metallic seal according to claim 55, wherein said seal is
substantially rectangular shaped as viewed along said central axis with one of said tabs

located ai each corner.

57.  The pressure-energized, metallic seal according to claim 55, wherein at least two

of said tabs have an axial hole formed therein.

58. The pressure-energized, metallic seal according to claim 55, wherein at least two

of said tabs have an open ended slot formed therein.
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of said tabs have an open ended slot fornmed therein. 29 59, The
pressure-energi zed, netallic seal according to claim48, wherein said sea
has a substantially C shaped transverse cross-sectional profile as viewed
in a peripheral direction. 60. The pressure-energized, netallic seal
according to claim48, wherein said central portion, said first leg
portion and said second |l eg portion are constructed together as a

one-pi ece, unitary nenber. 61. The pressure-energized, netallic seal

accordi ng claimA48. wherein said.seal is. sybstantially.rectangul ar
Shaped wt ior oul iR AORL AR, SRR ash ol Shlib A i SR TN

pr essur e- eneutglaned]y GBhalel itanseak cagcotdiong frofile haiiwddin npefphedl sai d seal
has a non-cir.cul ar shape as viewed along said central axis. 63. The
pressur e- el YPYed, netallic seal according to claim48, wherein said first
and second annular | eg portions extend outwardly fromsaid central annular
portion in a radial direction away fromsaid central axis. 64. The

pr essur e- effer gi E@prem@aﬁmer&i:zegemptaéi@@mﬂdsicm;ditne te Plaimi @ gvhontie paiil segel d i r st
and seco =1 1] i _ g i r.al. annul ar
portion in éégggégﬁk&g%%§§@§%n %ﬁg%ggggfgggéﬁbré.&gg%%%hgggggﬁggﬁethod of
manuf act uremegpitdecupraessmdercner gi zed, nmetallic seal according to claim46,
further conprising cutting an axial opening in the at |east one tab. 66.
The net hod of manufacturing the pressure-energized, netallic seal according
to claimgip, frHetheksuembidaindealiibdadcandiopedcentdsd wiepdin kdklgiat | east
one tab. 67, A nethod of manufacturing a pressure-energized, netallic seal,
conpri si ngubstagiallxsentanguber geapsd withaeundsd cempas visned aloshseig caital 2xBor i ng
machi ne; cutting a first annul ar edge of the pressure-energized, netallic
seal in the netal sheet material that extends around a central axis;

bendi ng a q¥ort ildw poésstraenamizall, mtteldit sod tedrdihg toclbior 48, avheras szid et hanal

rofile of : : : .
P a non-circular shape as viewed along said central axis.

63.  The pressure-energized, metallic seal according to claim 48, wherein said first and
second annular leg portions extend outwardly from said central annular portion in a radial

direction away from said central axis.

64.  The pressure-energized, metallic seal according to claim 48, wherein said first and
second annular leg portions extend inwardly from said central annular portion in a radial

direction toward said central axis.
65.  The method of manufacturing the pressure-energized, metallic seal according to
claim 46, further comprising

cutting an axial opening in the at least one tab.
66.  The method of manufacturing the pressure-energized, metallic seal according to
claim 46, further comprising

cutting an open ended slot in the at least one tab.

67. A method of manufacturing a pressurc-energized, metallic seal, comprising:
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the pressure-energized, netallic seal that includes a central annular
portion extending around the central axis, the central annular portion
having a first end and a second end, a first annular |eg portion extending
fromthe 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
annul ar convex sealing surface lying in a first sealing plane, and a second
annul ar | eg portion extending fromthe second end of the central portion,

the second anny I tion hayvjng a second annul ar convex sealing
surface |lying i ng@é%%ﬁﬁﬁﬁ?aﬁ%ﬂm'Hﬁ3%gFFVﬁ@ﬂb(§@56ﬁﬁm§Wﬁular edge of the

pressure-ener gi @fghg MBEthdduCar %@gé of' tHe %ﬁ%@suﬁ‘@&@rgzz&f' %'Eallr@s?eﬁf 1'11%6 #Btaf Orm a
second free end of the second i on havinhg an annul ar | ange

ext endi ng @Wﬁtsltl&tﬁltliﬂéhatﬁxwwsaﬂrp@d ét@ntrhleaxﬁfhr st and second seal | ng pl anes and
ffset f t | d th
orrse rom theanngoar}%ﬁ?cﬁxaéfitﬂcgwg aﬁ%h[%tel'i 1%2&%@?4? 'f(?r adér'egs dstecf?gha? g S5e Lhe

first sealing annu edge of the
pressure- emepgmmedenﬂg&aﬂhmnﬂhe&hlﬂmtEmhﬂssa pIurallty of radially

ext endi ng, er| her spaced.tabs that project in a radial direction
ot ho O RGP eteh B R RECRahE B e Bheh B, e oSyt ey gty

direction md@m’gaﬂgt agient aResdnd «afl, the annul ar flange. 68. The nethod of
nanufacturlng t he pressure- energlzed netallic seal according to claim®67,
wher ei n t heliEhRuH 1 Dot edending feh thedirserndeo! drc qenealmoeysup@neﬁ@#@r zed,

netallic sgaf ﬁeecén%%ﬂ?thfe ‘?i‘r’srt aﬁr}ulé% L abs firsPRnnu Tgl?egg?otx{]%gha% IaCt uring

t he pressure-energized I'C SEal accordi urther
conpr|3|ngnmuhtmnqcanaﬁmgamﬁheﬂﬁngnlaﬁmleasngmeeemdthe tabs. 31 70, The

A R S T ST R o
the tabs. sedhd annular leg portion having a second annular convex sealing surface lying in a
second plane; and
cutting a second annular edge of the pressure-energized, metallic seal in the metal
sheet material to form a second free end of the second 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 direction towards the first sealing plane,
wherein
the cutting of the second annular edge of the pressure-energized, metallic seal
creates a plurality of radially extending, peripherally spaced tabs that project in a radial

direction from the annular flange, the tabs projecting further in the radial direction than

adjacent paits of the annular flange.

68.  The method of manufacturing the pressure-energized, metallic seal according to
claim 67, wherein
the cutting of the second annular edge of the pressure-energized, metallic seal

creates four of the tabs.
69. The method of manufacturing the pressure-energized, metallic seal according to

claim 68, further comprising

cutting an axial hole in at least two of the tabs.
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70.  The method of manufacturing the pressure-energized, metallic seal according to
claim 68, further comprising

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