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OPENI NG 5BACKGROUND OF THE | NVENTI ON Field of the Invention The
present i rnventivams7e& generally directed toward rupture ROTIEZ009/043144
specifically reverse acting discs, having a machined |ine of opening
formed therein. The line of opening presents as a recess and is
formed by a nmechanical nmilling operation whereby netal is renoved
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adj acent the recess. Description of the Prior Art It has |ong been
known to provide bul ged reverse acting rupture discs having a

|l ine-of - 15 weakness recess or score line in one face of the disc
bul ge. The lines of weakness or score |ines have generally been cross
scores, or a circunferential |ine-of-weakness recess in the concave
face 6f the disc where t h&AGCTKEROUNERENGHSINEENENr score |ine

defi nes &ﬂg aéga of the disc that opens upon reversal. Wthout a

i ne- of - Wk HELE IVERATs def i ng the opening through the disc upon
severing of tirge gie86nt 3vRAGod ReuchbBy QeI RARISTUpREEEiSes, SpdRiilcaBd redbize
will reverse but not 20 necessarily filly open. In the case of a
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revengal baped paem 6fihe Ascwibisst Sl6Ping dr disptifgahemuibbatdallyehiben nbatliceind
outwardly upon reversal of the disc, again preventing fragnentation
of the pétughee ofshe Mgt adiaprit BIE18€8 e 1ines or Iines of weakness are
preferred in | ow pressure 25applications because of the |arger
openi ng presented upon severing of the disc along the arcuate score

| i ne, asDesmmpéped the PHowAdr oss scored di sc. Li nes of weakness
have heretofo been, f or,med in_revers cting rupture discs b .
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disc along a desired line. All of these past reverse 30 acting discs
have pr e8eveerrrghrhsentroBdcorath o ardicunfotial ing ofiepkness regsss i figsoncave face

experi enged. QREGALE Hi%ne RERLEIES feBesY 8 dc64Fin@ BEHieS &k AR o8 Hisc that opens

upon reversal. Without a line-of-weakness recess defining the opening through the disc upon
severing of the disc along the line-of-weakness recess, a bulged disc will reverse but not

20  necessarily fully open. In the case of a circumferentially extending line-of-weakness recess, the
line of weakness normally is not a continuous line, thus presenting a hinge area that prevents
fragmentation of the central area of the disc upon reversal and opening. A cross scored disc
forms four petals that bend outwardly upon reversal of the disc, again preventing fragmentation
of the petals. Circumferential score lines or lines of weakness are preferred in low pressure

25  applications because of the larger opening presented upon severing of the disc along the arcuate
score line, as compared with a cross scored disc.

Lines of weakness have heretofore been formed in reverse acting rupture discs by a metal
scoring die, use of a laser that erodes a groove in the disc, or by chemical etching or
electropolising to remove metal from the disc along a desired line. All of these past reverse

30 acting discs have presented unresolved manufacturing difficulties, or have experienced

operational problems in various application uses.
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30  grains. The etchant agent contained in the valley cavities is believed to not only more rapidly

erode the metal in the valley area as compared with the surrounding peak areas of the grains, but



5 MONEL As a consequence, subjection of these inherently corrosion
resistant materials to an etchant acid requires that the etchant
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longer electropolishing times in order to achieve a recess having the desired depth. The longer
electropolishing times also result in an increase in the width of the recess. Ifithe recess becomes
30 too wide, the recess may begin to affect the burst pressure of the disc thereby resulting in a loss

of control over the disc’s opening characteristics.



10 acting rupture disc conprising a bulged portion having opposed
concave and convex faces and a circunscribing flange area surroundi ng
t he bul gedWOFANY W SC The bul ged portion further conpri scCTAP2H38M1kY
area having at |east one nechanically forned |ine-of-opening recess.
The opening area generally has a substantially uniformnetallic grain
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of a disc blank fornmed fromthe sheet material of Fig. 2; Fig. 4is a
schemat | &ctallipsmaiy seustygaf heappasmgpartionof 8 opppg &€ds for pre- bul gi ng
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segnment region of arupture disc blank being deflected fromthe main
body of flagelsiearsiyrounding the pressure relief portion. The pressure relief portion has an opening
area in which the line-of-opening recess is formed. The opening area has a substantially uniform
25  metallic grain structure throughout. Next, the method comprises mechanically removing a
portion of metal from the opening area so as to form the line-of-opening recess. The portion of
metal is removed without disrupting the substantially uniform metallic grain structure of the

remaining metal of the opening area.

30



Fig. 7 is an enlarged fragnentary schematic representati on of the
pre-bul ged di sc having 15an i ndented segnent region in the partially
bul ged conwexo®ursiace of the disc blank produced by thecrafSk@aniiont

post and which was forned by the deflection post; Fig. 8is a
hori zontal cross-sectional view taken on the line 8-8 of Fig. 6 and
| ooki ng downwardly in the direction of "the arrows; Fig. 9is

a schematic cross-secti %b@rﬁgﬁﬁﬁ?ﬁﬁp%mﬁgﬂWééme as shown in

Fig. 4 and 20 illustratihg the nmanner pressure is applied to
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is a schematic cross-sectional view of the final bulged disc in \ME
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out, 10ni ﬂc’bcﬂciﬂg)domdefm;edltﬁegxmnbnofthébﬁmds sc bei ng depi ct ed by the

ci rcuI ar dashed li.nes;, WO 2009/ 14870PCT/ US2009/ Q43144 - 6-

Fig. 13 i s anfinPds athamas SToseseqtignal repreisniation Lt d%e‘B‘Flg’t“ﬁéteBd}SFlﬁdhe
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Fig. 8 is a horizontal cross-sectional view taken on the line 8-8 of Fig. 6 and looking
downwardly in the direction of the arrows;

Fig. 9 is a schematic cross-sectional representation of the fixture as shown in Fig. 4 and

20  illustrating the manner in which pressure is applied to the concave face of the pre-bulged rupture
disc to effect final bulging of the rupture disc;

Fig. 10 is a schematic cross-sectional representation of the fixture as shown in Fig. 6 with
the post removed and illustrating the manner in which sufficient pressure is applied to the
concave face of the pre-bulged rupture disc to effect final bulging of the rupture disc and effect

25  return of the previously indented segment region of the bulged section to its initial position
before formation of the indentation therein during pre-bulging of the central section of the disc;

Fig. 11 is a schematic cross-sectional view of the final bulged disc in which the initial
indentation in the central section of the disc has been ironed out during final bulging of the disc
blank;

30 Fig. 12 is a plan view of the bulged disc as shown in Fig. 11, with the ironed out, initially

indented segment of the disc being depicted by the circular dashed lines;



Fig. 15 is a cross-sectional photograph of a |ine-of-weakness recess
formed in a pressure relief device using a prior art electropolishing
nmet hod; WO 2009/14876FF g. 16 is a cross-sectional phot ogrfaiSa§09843144

| i ne- of -opening recess created in a pressure 10 relief device in
accordance with the present invention; . Fig. 17 is a fragnmentary
cross-sectional viewillustrating a first pass of a nmechanical mll
during formation,of a lir f-0 i recess. i e I tion..of
2 reverse act il T e vt SosP RELLRERERETNh D it e 2B g Bilebd Rl
i nvent i olfthe rupture disc Bhd)whitB s¢imatiéallgiBakiag the aha@ss grapctmonal of Vieditially
illustrating a second pass of a mechanical 15m || durigg formati on, of
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is a fragnentary cross-section VI ew rating a third pass of a
mechahi cal i Fig. tus i ppse-gachental pimtedragh dfia lise-of-woglenssmeressionsed in a prebwire
bul ged pqri%ﬁn.of a reverse acliﬁg Lugture disc in accordance with
the presEHET ARG A-Pron B §OTP8 1SMAE L agment ary cr oss- sect i ona

view of a revefpses iﬁﬁbﬂoBQsebH@iamﬁlﬁ)t@%'% diralﬁhélsf-aedl&neméﬁesﬂﬁﬁﬁ&drigaﬂﬁ@m
formed in _the concave face of the bulged portion of the disc, the

| i ne- of oplisf deyiteaisiag 9 nsier ag clseiolishingneyod) shaped in cross section
Fig. 21 1s a RLAgRIALY GHOSAAGELLANR o MW Blnile FRUSIRERAGH h Blsure
rupture disc §V|ng alrne-o -5ben A Fecess Tormed iR the concave
facelof tdiefdaiigdn a@ordahenwinh tHelpeesetseventidie | i ne- of - 250peni ng recess
bei ng substantjally V-shaped in crqgss sectjon; . Fig..22 js.a, .
plan view of Eﬁolﬂé?}{éﬁﬁﬂ FOreRrS-getiepal tisy lestraﬁl%g%fékpéﬁﬂqfﬁg?ef%am%bﬂﬂll
present uiy&ibindioRayd m-ﬁ-dﬁeﬁhg Reths kil (EbEdQRANNIGa F68StihPriphfe disc
bul ged portion thereof wheréin the |ine-of-opening recess préséents a
gener al | jn Ccedape wvithdhd prgsenéinivertion; Fig. 23 is a plan view of

T AR L
r ecess es miildirig fhwlageslofinkiotopédity eedss in the bulged portion of a reverse acting rupture
disc in accordance with the present invention;

Fig. 19 is a fragmentary cross-sectional view illustrating a third pass of a mechanical mill
during formation of a line-of-opening recess in the bulged portion of areverse acting rupture disc
in accordance with the present invention;

20 Fig. 20 is a fragmentary cross-sectional view of a reverse acting rupture disc having a
line-of-opening recess formed in the concave face of the bulged portion of the disc, the line-of-
opening recess being substantially U-shaped in cross section;

Fig. 21 is a fragmentary cross-sectional view of a reverse acting rupture disc having a
line-of-opening recess formed in the concave face of the bulged portion of the disc, the line-of-

25  opening recess being substantially V-shaped in cross section;

Fig. 22 is a plan view of another embodiment of a rupture disc according to the present
invention having a machined line-of-opening recess in the bulged portion thereof wherein the
line-of-opening recess presents a generally C-shaped configuration;

Fig. 23 is a plan view of another embodiment of a rupture disc according to the present

30 invention having a machined cross-patterned line-of-opening recesses in the bulged portion

thereof;



WD 20091148760PCT/ US2009/ 043144 -7- Fig. 24 is a fragnentary
cross-sectional view of an enbodi nent of a rupture disc according to
t he presenOi2pPAA7%bn havi ng a nmachi ned | i ne- of - openi nPGTAERYS/ M43 ed

in the convex face of the bul ged portion of the disc; Fi g.
25 is a perspective view of a reverse buckling rupture disc assenbly
in accordance 5with this invention; Fig. 26 is an expl oded view

of the conmpongpt %43@ i%'zf; e %I'JSF%%E%&I B bR ey ol iGnt 0P G ruevtugaf disc

assenbl y; S an exp bott om perspective vie
t he conpem@ndisg haiiermesept inventiveverme abmedhiied dinegiopeengl resessabsemtinythe

of Fig. 26 with t l.i ne of opening.clearly visible; 10 Fig. 28 is a

pl an vi eRPHf* ﬁﬁ@?ﬁ?tﬁﬁﬁSBPﬁ@HP?gF%ﬁcfupture di sc according to the
o5 eigectivelt ey ekl : idc 1y it abédedance

present i nventjsons RavHeRPeivEBie stedeldrReufi@ReRIRAifcRSRED]Y 7 b

bul ged portion thereof wherein the |ine-of-opening recess i’s
conf i gur edthdlis iygutiathe di sc presents a pair of hinge portions and

upon rupture f£orgs.t . i X - 9 is.a. plan
Wow of Tyer ok e hesREaLAae 5 bl Bponcpis meking e FerhE et
15pr esentist assembiypn havi ng a machi ned cross-patterned |ine-of-opening
recesses in the bul ged portion thereof, wherein the recesses do not

i ntersect: anHig 271sangxplpded,hofiam gergpes s Heaw ohtherosygwnenis paling up the reverse
denonst r gf,d ' ' Qs ; IoB&h; . that may
be. 1 oy med i og HORuERIL MERBR il Y6 Wi o 1k JroBE] AEBIIEEE

adveld8el y af f Bigt 2&g atphen Whew of amoliwr embalimsitiof 8 rupftura dise wenosdingiotthagresent

rupture disc.versus the.di aneter of .the do 20qar bul ged .portion of
Lhe i so ™ BReR o A ned ToR SR epie TR B Er BSOS NP cor WithrR he

reverse bheki-bigingueiety i@ colfftrais®end e A4 Reens ¥ iphl opﬁiﬁfg@%drﬁﬁls and upon
concepts of this invention is illustrated in Fig. 25 of the draw ngs.
Di sc ass @B forms e peialssctipngupt ure disc 12 25 and a support ring 14

secured ther o 1% %%EEE%BW&? BE 2&%0&1&%1%0%19&1% of 4337 lé{sc;'z%c@lrd to the

preferably f of corrosion resistant netal teri suchi as
any ohe pfesant invebigon kefvirgonwentinedh alosepatiensd dineoéspatimntecesstsan ghe traped
as stainless ﬁteeg ql[g%ﬁ%_kbstallo -~C, MONEL, | NCONEL, and nickel.
Rupt ur e a?%l_eﬂ B as" & el F%ﬂessﬁﬁufj%B IEsEGtotid 1 6, “and an annular
flange porti opglf ik BatapRichrepresentdnes i BRairkaRs makimkéh pdlish WadiE bf & Rk
zone 20 joins the inner periphery

of weakness that may be formed using a prior art electropolishing technique without adversely

affecting the burst characteristics of a reverse acting rupture disc versus the diameter of the dome

20  or bulged portion of the disc.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A reverse buckling rupture disc assembly 10 embodying preferred concepts of this

invention is illustrated in Fig. 25 of the drawings. Disc assembly 10 includes a rupture disc 12

25 and a support ring 14 secured thereto. The components of rupture disc assembly 10 are
preferably fabricated of corrosion resistant metal material such as any one of a number of
conventional corrosion-resistant metals such as stainless steel alloys, Hastalloy-C, MONEL,
INCONEL, and nickel. Rupture disc 12 has a central bulged section 16, and an annular flange
portion 18 that circumscribes bulged section 16. A transition zone 20 joins the inner periphery

30  of flange portion 18 to the outer circular margin of bulged section 16.



30of flange portion 18 to the outer circular margin of bul ged section
16. WD 2009/ 148760PCTM52009/ 043144 - 8- The bul ged section 16
of ruptur eW@i28®/13976khas a rel atively small regi on 22 whiREA7S3009/043144
centrally located on bul ged section 16 and particularly centered at
the apex of bulged section 16. Howeverg it is within the scope of the
present invention for region 22 to be offset fromthe central axis of
bul ged sectio | & i L @%EF, : IR
regl on 22 hasqg%%gltereﬁfé’ﬂ% rai Etuﬁ%‘?ﬁﬁ%‘#%?ﬁg&zgﬁe aex g%]fﬁé?%cgtze?%hwh '
tensile s:bntmﬂgﬂdtateﬂanbulgei seemn rechad pafictlall gesteseict the apdGafbalgdd feation 16.

been for I ndent t he nvex surface _16a, d the turnin
Che i naeraterbnt o TS siopF o Bpuese Bedhn fratian o b ot Eom rcetta
16a of bukBedbsigstkambnl, hﬁeﬁﬂ?@d@sm\&ﬂﬁ@‘i g. ONYTIR eI bF ©814h 22 has an altered
interruptions. It is understood that it is within the scope of the

present igrARFEUCBIC auskexbibitg bighadensile Arengtirtharyhe lr@rr@mddmf bidge sestion b, end
region of,, 7 hgi: upQn rti.c

ol 1 cat 13t EE T R 6t Uh e SRALE 4B PR MRl Sl B e
16 of r upiitislepcdition s&mZh&tSthQZ)b@Wbﬂ@deet %aébf&ﬁl’ged Gkdtivw! 18 is smooth without any

| i ne-of -openj ng.recess 24 that is in the bulged section 16 of the
di sc i anQPQJw@% IfRRURTIORE r 1S Wrdersiopt Eisklh isayithig the seqps Q€ fheipaisent drenten for

as is illkystd adcash l@toﬁ:!eq:u ‘ovaded \Iﬂﬁ)u@ﬁﬁéﬁ%@ioﬁ bRt é?ﬁﬁ sfudiBle @eﬁéﬁafﬁg%gon

body 30 configured to underlie the flange portion 15 18 of

di sc 192, thetpaitgeutap apydicatéamyiof whieh Fiegliscdg designed.t he i nner edge of annul ar
body 30 prese t,o0t h rojec i nwar.d and slig rdI

toward bul ged%e:blﬁgedse%]ém%i f(‘)1 {gullfe&l?g&l%pmwgég%él? ?eBPﬁéruqa”[\'/‘ﬁ Gﬁé’&%‘lw

30, and exterrdshat Rvathaibylgadsbetipnes sHiye digsiabdhrdifage derzRlyicOmMplkfiental with
In its assenbled conditign, the annul ar body of support ring 30 is

secured H@SHRD ZopaAles iglpftragadde Fip 2hy f ast eners 40 which may
CONpri Se SCr ey, bafcrﬁ@%[l n 193 %glqm?aﬁh Bdy b B fﬁ‘%d ?cmﬂd&?i ?(erf}a)lllge portion

fast eni ng neans. ue up ring I's prefe
posi 15 oné8lofrepmeatiscti@r Inmalbe mdfroﬁﬁlgrm t]%thaﬁmier enge of armp}anbom 3NexRass

24 and ac a backu i I section 16 of
rupture i Osof:]a%zpla]@f;%gﬁ@r%iy Wg SBE“B%BWH@Y foase @ll@% Sgeﬂ?é‘ 1% b 18R G6h
32 i's COHdggdl 6ehet Qvith ode Bb YandRARAAY iGwhidea@fup BRI tﬂ%aftﬂﬁﬁéﬁ se&loﬁﬁ@
to contact recess 24 thereby assisting in the opering o

| ged
section 16 updrisraespabied copditign.dhe @ulaAhO@mfmlmortgag@tls €W@ted i@ ge flange

shown) r \v; rtjon. and
support 1Y epdisf 2P flehll D3O oblch: bl (AGGeRY S O aper
fron@ stpétaldhBfasfeningmeass. dhertatpus Baof batkhbedingal4 i§ Ete&mb’l} p@ﬁtmncd between
preV|ousI descr,i h be unroll froma | arge ro of the
Sel ect e HBtal g Eémﬂt% LGt oRgie f§?‘?§_§§‘? and safsw%ﬁ%lwp e e rea 42
st anped, of RERH séctibn 16061 Pfurd B RERES By 16RLorIbSE AR s @@.Oi‘ﬂemp'?ﬂtoolh 32

is configured to directly underlie line-of-opening recess 24 and to contact recess 24 thereby

assisting in the opening of bulged section 16 upon reversal of disc 12. An annular gasket (not
25  shown) may be provided in association with the flange portion and support ring of the disc
assembly.

The rupture disc 12 is fabricated from a sheet 13 of corrosion-resistant material (Fig. 1)
as previously described, that may be unrolled from a large roll of the selected metal or supplied
as sheet stock. A disc blank 15 is stamped, laser cut, or cut using electrical discharge machining

30 (EDM) from the sheet 13. Preferably, the disc blank 15 has a peripheral unitary alignment tang

17. Fabrication of the rupture disc 12 is preferably accomplished in two stages. The first stage



30 (EDM fromthe sheet 13. Preferably, the disc blank 15 has a

peri pheral unitary alignment tang 17. Fabrication of the rupture disc
12 is pref%’PéB?Q{/“g"é?corrpl ished in two stages. The first RGTAGFR009pgF144
2009/ 148760PCT/ US2009/ 043144 -9- involves pre-bulging of the disc in
a manner to forman indentation in thegconvex surface of a disc blank
15. The second stage involves final bulging of the disc under
Cond't'OﬂﬁmﬁMQBniﬁﬂ%néB?mbﬁﬁ@ﬂi@kﬁ&&rhﬂﬁhﬁ%n%&ﬁﬁﬁﬁoﬁﬁ%ﬂ@&ﬁn@is&ﬁ@eofa
bul ged section of the disc is renmoved by returning the indented
segnent disgblank bf. Thesedsut glegk iwvavésdimal mlgingofithg dicaindgrpondifions sugithat the
fixture 46, for formng an_indentatiqgn of predetenni.ned conftigyrat.i

1t he” it bR Ao Bl REER e bR iR IR £ e B ot Alaedh
4. 1t i siddentee seppter 20 df ike bulded s¢cEEP LS ibftial pdshi@nschemat i c
depiction of fixture 46 is for i]lustrative purposes only and not

i ntended to bé& Fdpesdht frming By indepiation of redetersppned Gpniigurgtipndn fliyy metal

acconpl i shy ] : : Fs ; I . Qf: fd
SeCoTD! AN BLb SO hloc R e, DS O APt it
a cent r atheldhaoysicidegicb offfvcuey4a i doi dlabtrative ppipnggs ronlygan8 2ob intdrided tor e

46 h tral 4 aligped with and. h d
Cr oses seEFrBHATISAES PACHRLHPRGP BEtedst B oRETER: e meraet e fisaier
upper endas@}‘ringmsﬁg&uéés,%iai iANPhRfmed ftﬁimseofciei:ihd@i@mbmu'éﬁiohh{a@ugdfhu-al

the side wall of clanping ring 52 serves to allow gas such as air to
escap@ f ppeningid. The edindricabelampingping§2 of ingus 26 hag 2 eatigjmagsage >4 aligned with
illustra it 1St e t hat, .t . I r

ol ampi ngeid g ttebpFrGat 1L SRR Bl o BT SE CoID ARG Phec U
t he t angopehedluppercad pepdstage 5diof clabbmpking32. 9o dphaihg 58 dubighrnkssidSwalt ef
all repetjtively located in the fixture 46 in the sanme pqsjtion.,

An el ongSPERINGEME ¢ AT (PBLRW B SHEN 3534 1R PSRRI § iuﬁ%%{sog SlgipEig ring g2

pr ef er ablyyihhihGRHAL FhidDit3s 15 Be BRI stSdENR M e Be HAYAT A M SmiRering 52
under face of cover 56. After placenent of netal disc blank 15 on

suppbft baze groavg(siBr complenteniallBcdiging therigned 7iof 2 pispeséivbgise blagk B2 saiihat
base rin 0, posi tion s, sho iLn.cl osj rel ati ipto
passage B PRy ofs Al et sIL R LRaS AR e e uib L,
extremty of peslon@feddebrivhpph 60 ispasitiardwihiMpabsagdi4nnd preférhisly is coupled
term nal end of post 60 nmay be square, cross-secéiq&glky star-shagﬁd,
or any ofePRRILSIFIBEN 04 HYIIGEBARTAN Lgerdags ol PONEH T LA PRCFREY PhmEgetise

that the,Lerm 9@&@8 bRk ifS4eS HRRINSE s tRgpsd i A6& Bl 520 bald 8

15. Air under a pre-bulging pressure is introduced i'nto fixture 4
vi a 2@nt pesitioppé ay shgwb (n ¢losing2Blagibiishirt to passagn fidg At oesh in herefirsd etnbadikeent

15, whicl) causes the segnent region 68.of disc 15.to. be def.l ected

o e et S Bt o P SRude i sedfm HLPon, e P PhE B o
as showng majbdsqubre, cIB-sel@nillyodtartshgpeld st Ry SHersiegraaRbni2@ition. B8 paanad
the configuration and extent of such indentation is a function of the

di amet er is6f afrngth woh thehibe savminal enddb4 15eiF agninst the warface #0 9pAise Plaak lend 64
of post 60 ang. r i . . i

I5. "n the conkafer HEBHEGEARRUENR hodals BIYRAGR 48 VidlenflyThelnd St o
i ndedd edeffeg prAiulging bDihe @8iclbiemikal Sgehehahhsgs Hemegphieregial 6P of disohS 6Bz

?Rdt ﬁet 2@?1{;%%(1 ?rgrml\{\éqr%gin gtzPyi 0 %{'e-glﬁgrgd%ggiogzigb %n%%gimn\%agd%irgcqgn%se ghrgwg?ﬁ fﬁgg
6. The depth of the indented segment region 68, and the configuration and extent of such
indentation is a function of the diameter of post 60, the shape and radius of the hemispherical end
64 of post 60 and the pressure applied to the surface 70 of disc blank 15. In the case of a post

30 60 having a hemispherical end 64, the indented segment region 68 has a generally hemispherical

portion 68a and a tapered somewhat conical surface 68b leading to and terminating in the main



WD 2009/ 148760PCT/ US2009/ 043144 -10- body portion 16b of bul ged
section 16. Viewing Fig. 7, it can be seen that the central generally
hem spher i ¥@200%1d&m¢ ed segnent regi on 68a i S surrounded®dyUsanns/e43144
generally circular or oval shaped indented portion 68b radiating
outwardly fromthe indented segnent regjon 68a. During application of
pressure to disc blank 15 to pre-bulge the disc blank, air wthin the
cavity def] . 4 Ver-.5 sca from passage
53 v ogeny Fiidy b SRRR8CcHd, FVEGHE T, ME BOGAR p b SrREr e
pr e- bul gihagispheral ihdetaiaugtiem Gegimdia Esogbdided bye fdnetlly olcpast ol siaiped
removed from ¢l anping ring .52. Pressyre is applied to the concave .
face 16c¢ YNGR PEIAEDE OPEY i’%oéiﬂ dsnipfetied foement FRRIQH PR7- oPuing
bul ged s egliicaflonl & prissurt Y disch1dik s téﬁrelb%lgg%% FilAfardiMaiFlvfihin the -ﬂ?@/ defined
anount of ‘pressure applied during final Dbulging of rupture disc 1
shoul 8 béy passegteduamt sove Shotay esdaye fromplasked 34 Wabpeniny cin tRnfporgyingg?2.
bul ged sectiop 16, byt . al sufficient tp ret i,ndent ed s nt
region 68 to ?Jpgn ?(?WRHF%HOE iF5-BHERg S@ﬁ&ﬁ%“"ﬁ"ﬁy‘l{é{]@q a?@‘.“at?ﬁ ﬂ?fe%{c{gn RK6h
in Figs. akhe@peedifom tRBpHAMIHS2S Prdsa i istippAdto Ui datHRFacea6E bPMisc Blatkis
snmoot h and uni nterrupted throughout its entire area including segnment

regi on 685 gefirigntig compleisdingbbulgingiefithelbulend settiond§iet miptyre gisp h2 Bglepicted in
f ol | owed r L.l [ Lt S0t Si:t S
the ot a8 Sor 146l SY0hRE B! Btk Dnkf Skl ok B BEHL P RS
schei@t i addguyte sdvomoniyreomiplptelyd Bulge disc 12 foiming bulped section bd] bahalio dufficient to

formng an indentation 68 jn the disc, blank 15 dur. e- bul gi of
the di sc’Wh e SR FRIOPGR (V1S ! PRSFLAR 2B RV ST g0 E%S_b%”ﬂgw’éﬁb
di recti omjgsandaidhen g @nbiCofREOsMYal @BuRbd SRBoABE N srRSoRMMERT difintbRSpted
opposite direction during final bulging of the disc blank 15, thereb
r et ur ni nfreushowpitsaentie ajep gnedvding Aeamepbsigidros defiting gicsppb s bfestotiwny
and 20 ¢ T . bei c Lenental. with the
cur vat ur SeFh b 38 3cled b Eer B SRR bR Ao BT ATR ool syt
sect 1®Hn dbiegioavetckdveah atidred prairg@alciaes hd @hcraiticallpsiedetie Fig. ng&d and
presel ected pyess reijs cf’cni tiated in the area 68. This initiation of
reversal at tHE3SPFRIBHICHROY forBiesr ndretatpe4S 48 thedisy blaphid dwimg wrer
the doubl,g.pEeStHCEREM WIaBKidbAMhiBh of e niA3cafs pARRalPhh dR debiftRlihld
of geonetry of the bul ged section 16. Because the grain structure of
t he met athen plastiredeformatiG8ofibemetsl dvewn irstht epreditadireatioreduning fipél bukging of the

defl ectiqgn of area .in.o direction,.and then.defl ectign of tha
Sy Con B et 1 el BB e PB s AR BB Mo 0 el et £
gr ai po st edskxInef0és difiige 481 68 betBUeRHldnita el tBScur i BRI ©Bpdsed Bdriade
before the remni nder of the surface area of the bul ged sectlon 16,

The nor e2idopysy faces afbe Sulpednegtion 6, reypisaliof edrlceh echon Yed wlsiermisad a6l
along th 'eLél&?e(af 'r%@lﬁ@isqgitiﬁt%& frife %éa 6 %6?1% e\;eps?ﬂaﬂ}{e%ﬁét%élgp&fition
the netal 1nt Irections In the area 68.

2009/ 14 8uabéazFd 6352 0 uBbBlid dhe double pikkieessedopodition ofithe drda 68 amd foit xetefudt
flange 18. of bul rupture. di.sc_12 using suitable fasteners and
suppor t eeemE e B R 13 G Be e s O e e AR 5 e
W t hp3 hepdrh ARG e@ iRt FihdUeNB@ N DE tHat £8a thGne aNELIToASmH ARY ddifec®bn of that
rupture disc 12. The rupture disc assenbly 10 is adapted to be

nmount ed V8Y dapred iaageppasbupirschgs tf resulieng dhangesén the pasn steetaee afithe metal
Figures 6- S, R the ¢ e C f
uptur e dices Yrpl S Ebmbnedierdn BASe Nulll Qe ERUC AU LBEG ERu,
pr ot ect eskctidht 8. 4Zheatore ialighld Cevprsaldnd €sll dpraingnd thrltutbed edctibi €6 alofg the line-
assenbly 10 wth informtion as to proper. orientation of the assenhly
bet ween ?%@wgﬁ@csssc?&dg&?fﬁﬁsd ﬁmhie ﬁtjeﬂﬁwgtogmeéwgﬁn B dirrstiens 18 Migrargafs.
convex surface 16a of rupture disc 12 faces toward the process side
of the equipnent. The arm44 is also a



10conti nuing visual indicator that an installed disc in is proper
orientation. In the event an overpressure condition occurs in
t he proceswWOue¥sd$76dr pi pi ng protected by rupture di sc PATIERE0P43104
which is sufficient to effect reversal of the bulged section 16,

bul ged section 16 opens along the line; of openi ng recess 24 while
bei ng retai ned by hlnge portlon 42. THE reverse rupture commences at

segnent 68 defd nin eCPlSE

Stressed. altaPEaunRTbER Sy RaPls iongt 1b O RS ilts ey ine e
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t he over ressure exerted on the convex face l1l6a of bul ged section
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illustra 4, C
rupture fogg'fp?iﬁ? st%eﬁf; ta?g OMF&eJthEI QIE&%E ]ItdF g(rf _éh_ ﬁﬂglgorrrreer}ﬁeﬁ,nd"1 ﬂ also a
subséquerbniinbigrsial 1ddlsﬁtbr theit andnstaifedtdive imizchrbriee driemenmx surf ace.

An exenpl ary disc 12 ared in accordance th the ferr
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di anmeter of "about 6 i1nches. Pre-bulging of the disc 12
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produci ng a bul ged di,sc in_which the height of the donme is
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The out eppdympgafdniged tecfibn §6 albAy ttmfleﬁglﬁeoﬁiateajf-ogagr@ncességl on 68 of the

bul ged sectio of t he dIS n.subj ected t
e Then Ry ek et e i D R N SRS R SRt SRl B come the
noni pal  bhlged R34 1 AT dide A Gesaibad B defdd ABSve, AAGhGAGIBIThg heeBRed So itd

the exenplary disc of Fig. 12 is centrall located in bul ged section
16. Thi sindied opitien 40 AR A STPS tunirers cwehﬁﬁfﬂce,llsmpﬁg jof the disc is a

It has b h

appl 1 od FLeieREG G R B 1R e el gt e PR LT B K
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bul ged dis e area 68.of tion 16 has been. i ndent ed
Ch one A EOTE SRisanE R st S ba gl A eSS SRR P d R sgahen
the @5es&ﬂ%@dﬁ&ﬁMﬂ&?&&h@ﬁo@ﬁ%&c&ﬁ%ﬁ%&%ﬁeca” simlarly be varied. By

i ncreasing the pre-bulglng pressure to deepen the initial indentation
in the bul gedAsemnm}'dfsc memrsd:mat@tda@m\drﬂbtheme&medgw@@ﬂs obthistipesgntion

|ndentat|o duri,n | und t hat
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t hi ckness of material is broader than. ) . ]
accomplished under a pressure of about 80 psig to form a depression 68 in the disc blank 44 as

30 shownin Fig, 6. Final bulging of the disc as schematically shown in Figs. 9 and 10 is carried out

under a pressure of about 550 psig producing a bulged disc in which the height of the dome is



15 a disc having a one direction indentation not subsequently ironed
out because of the bidirectional tw stage work hardening of the
metal as cUABHPEESMWIth single direction deflection of tREE/UBRMSKHIAI,
Thi s i ncreased range of predictable reversal pressures is deened in
| arge measure to be attributable to thﬁbeffect of additive opposite
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25 this nethod. As shown in Fig. 15, a |line-of-opening recess
Is formed that conprises two, spaced-apart channel portions separated
by a cent r{P 2PH{id¥E0 cr own portion thereby presenting a REFAESRE0043144
W shaped cross section. As can be seen, the nmetallic grain structure
within the opening area has not been djgrupted as in the die scored
disc of Fig. 14. As a result, creation of stress zones due to 30 work
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fabricated from 316 stainless steel blanks having a thickness of .

0.016 i niCARBUBlcSueIs YigPressus Ficle dfispveticioisns argemiable oiliand 00 or less

Aver age ERERISneltak Beihdiindd A8l b G AR Sho Y EL LG ELRATRedb P Edbosure to
15 90% of the rated operating ratio).

Another technique has been devised to create a line-of-weakness recess in the bulged
portion of reverse acting rupture discs that would not alter or disrupt the metallic grain structure
within the opening area so as to aveid the undesirable characteristics attendant with die scoring,.
This technique is described in U.S. Patent Application Publication 2006/0237457 (Application

20 S/N11/096,466), hereby incorporated by reference in ifs entirely. The’457 publication describes
a method wherein a layer of resist material is applied to a final bulged rupture disc, A laser is
used to remove a portion of the resist material corresponding to a desired line-of-opening recess.
The disc is then subject to an electropolishing operation to remove metal from the lased area of
the rupture disc. Figure 15 is a cross-sectional photograph of a disc manufactured according to

25  this method.

As shown in Fig, 15, a line-of-opening recess is formed that comprises two, spaced-apart
channel portions separated by a central raised crown portion thereby presenting a generally W-
shaped cross section. As can be seen, the metallic grain structure within the opening area has not
been disrupted as in the die scored disc of Fig. 14. As a result, creation of stress zones due to

30 work hardening of the metal is avoided and the electropolished disc exhibits a much improved

cycle life compared to the die scored disc of Fig. 14.



(in.) 35.2%0.060 40.5% 0. 062 50.8% 0.073 60. 5% 0. 080 It was

di scovered that as the recess width increases the perfornmance of the
disc is adVO&B¥8789fected. As the recess w dth i ncr ead&d/URHR/043144
| i ne- of - openi ng recess begins to control 25 the burst pressure of the

di sc, rather than, for exanple, segnmenfs.region 68. Thus, reversal of
the disc will tend to prematurely initiate at the |ine-of-opening

recess. Thi s kgader!iPhds®sch dNc8MEd BRIIR MREBHIIChEDRLRGLS desditedinthe UbE
di sc, such as reversal of the disc at pressures Wwell below the rated

bur st pr @sbligatiomhds gertps ilinzibitieny particulgle sden eiséd e teraettomswith larger disc

Figure 30.is.a chart il|lustratin f the.practical,lim.ts .
Foom mg ittty Eekhessdt T b BB i dokariRisbonglitg gfthe disc
el ect r op@bbrsiuvagaltiRgboT] JUes bden didebeeréd Qb tBe liho16f-6 | e kpuREiaReNs
t he donme di aneter of the disc and the nmaxi mnum wi dth of a

| i ne- f - dprthithig iy ad deast40%nof fwalymedbirbororiitbsdsodn 9gria gmbodiments between

about 40% to about 75% of the dome thickness of the dise, and in additional embodiments
between about 45% to about 60% of the dome thickness of the disc. As used herein, the term
“dome thickness of the dise” is defined as the measured material thickness of the disc dome in
the region in which the line-of-opening recess is formed.

10 Discs formed from thicker blanks, for example, at least 0.008 inch, require much longer
periods of eleciropolishing in order to achieve the desired line-of-opening recess depth.
Consequently, the width of the line-of-opening recess also increases. Table 1 below illustrates
this phenomenon for a disc fabricated from 316 stainless steel blanks having a thickness of 0.016

in and presenting a dome diameter of 4 inches.

15 Tablel
Average recess depth | Average recess width
(% of dome (in.)
thickness)
35.2% 0.060
20 40.5% 0.062
50.8% 0.073
60.5% 0.080

It was discovered that as the recess width increases the performance of the disc is
adversely affected. As the recess width increases, the line-of-opening recess begins to control
25  the burst pressure of the disc, rather than, for example, segment region 68. Thus, reversal of the
disc will tend to prematurely initiate at the line-of-opening recess. This leads to less predictable
opening characteristics of the disc, such as reversal of the disc at pressures well below the rated

burst pressure and undesirable burst pressure fluctuations.
Figure 301is a chart illustrating some of the practical limits of forming the line-of-opening
30  recess in various discs using the electropolishing technique. In this figure, the relationship

between the dome diameter of the disc and the maximum width of a line-of-opening recess
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each serving to further increase the depth of |ine-of-opening recess
24. Fig. 18 depicts a second pass of mlling end 74 across convex
face 16c i WORAPARSShe depth and wi dth of recess 24 has BEddi$2009/043144
increased. Fig. 19 depicts yet another pass of mlling end 74 wherein
the depth and width of recess 24 has agpin been increased. The nunber
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metallic, reverse acting rupture disc 12 is shown conprising 5 a

bul ged p8letmnay labbshindsent i ng opposed convex and concave faces, 16a
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ext endi P OBBHE@E‘G%GE}E@"‘B%EW%%Ffilniﬁ%’FeB}ﬁ%}W%gtﬁg@éé got@glbgﬁlgﬂs of
through (R 19k&nidgRE Bthédast Rith RVEX hAGRITEARe did BbPed IIRLF EAKEBs reBQs in
10 intersect faces 16a, 16c¢c in a substantially perpendicul ar nmanner.
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recess 2 n f ' ' Wi d . ess 24, ... .
£ Ts al SRR AT PR bbbk 28 CeR 0L ST Ol Rl B Gpeai grain
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bul ged portion 16 as jllustrated in Fig. 24. |n that particul ar
infrinsic state, that is, the grain structure priof to any milling operation. The lack of work

hardening allows discs made according to the present invention to exhibit excellent cycle life of
greater than 10,000 cycles without failure.

Further, the above-described method is not limited to being performed only on reverse

30  acting rupture discs. This method may be employed during fabrication of any pressure relief

device or precursor. For example, the line-of-opening recess may be created in disc blank 15



15enbodi ment, opening area 76 is defined in essentially the sane
manner as descri bed above. However, edges 82, 84 are forned by the
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from either of concave face 16¢ or convex face 16a inwardly toward the other of said faces. As

used herein, the term “singular channel” is defined as a channel or trough formed in the disc that

20 is bounded by side margins that smoothly and continuously slope away from the outer surface

of the disc toward a central deepest point of the channel. The term “singular channel” is intended

to expressly exclude the W-shaped recess shown in Fig. 15 and described in the 457 publication.

Turning again to Fig. 20, recess 24 comprises an elongated channel 86 that is defined by edges

82, 84 that intersect concave face 16c (or convex face 16a in the embodiment of Fig. 24) and side

25  margins 88, 90 that continuously slope away from edges 82, 84 toward a single, deepest point

92 of the channel. In certain embodiments according to the invention, channe! 86 is substantially

U-shaped in cross section as illustrated in Fig. 20, or substantially V-shaped in cross section as

illustrated in Fig. 21. Although, in certain embodiments, it is desired to avoid the presence of

sharp points or edges as this tends to create stress zones within bulged portion 16 that may affect

30  the burst characteristics and cycle life of the disc.
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Table 2
10 Average recess depth | Average recess width
(% of dome (in.)
thickness)
48.2% 0.026
52.0% 0.027
15 56.7% 0.027
71.6% 0.030

The data demonstrates that recesses having depths of 70% or more of the dome thickness

can be achieved through mechanical milling with recess widths that are one-third of those
20 recesses produced by electropolishing techniques.

The present invention is particularly well suited for use in the manufacture of metallic,
reverse acting rupture discs having a nominal thickness of at least 0.008 inch, In certain
embodiments, rupture discs made in accordance with the present invention present nominal
thicknesses of at least 0.010 inch, or at least 0.016 inch. The term “nominal thickness® refers to

25 the thickness of the metal sheet or blank from which the rupture disc is formed. Those of skill
in the art can appreciate that bulging of the disc may cause the metal to thin in certain areas,
particularly toward the apex region of the dome. However, the metal comprising the flange area
and those portions of the dome adjacent the flange area will present substantially the same
thickness as the metal sheet or disc blank.

30 In certain embodiments of the present invention, channel 86 presents a width of less than
0.060 inch and a depth of at least 0.004 inch. In other embodiments, channel 86 presents a width
of less than 0.045 inch and a depth of at least 0.006 inch. In still further embodiments, channel



0. 060 inch and a depth of at |east 0.004 inch. hi other enbodi nents,
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| east O. 00%’ iZAWA8T6% still further enbodi ments, channelPCT52009/043144
2009/ 148760PCT/ US2009/ 043144 -19- 86 presents a width of |ess than O
035 inch and a depth of at |east 0.00819-nch. The el ectropolishing
techni que is not capable of producing channels of such w dths and
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struct ur g;@fia Liagndiemai ni ng netal of the area of opening has not been
di srupted fromits original, disc precursor state. As shown in Fig.
16, netal gralmsdigypreousondhat isthedigofs ihaugs pimgplistelp gsor todonnaion 6flowrof-

h { . openi d d f th
occurr oa R RULERRRRC- e B of e AR n BECE e et

C- shapedgiath seQétife) Whah ulﬁaoaapbnia(g ré@EID4NadregedytnibcRittloatly tonedVilgd r@8al 26 m
site _sides of the hinge portion 42. However, it is

and 28 on op
withih t Aea §£‘6’6§1“6f76=tth%511?ﬁ@§%ﬁ41@’ HER PieBHICESRD ERtyTp RbtheFerppiing mgtal of

recess t h .
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| i ne- of - Bigelti, nptal gEs or m@ommeofépV@maﬂy\hﬁmenlmdlﬁmmhs et bfapening and
| i ne- of - openi r]%éc{fecesq'?%s 25 and 27tl Recesseg 25 and 27 extend from

pr oxi mat BO JRES A g eI MGRLIAS PSUERT egi on 20 across the apex
of bul ged porAmﬁwia%Flg HiencofIRAThine rdeeds b Rigeithal T sHapadiscbAfPhration and
region. Recesses 25 and 27 intersect at a central junction at or near

t he Apextconingigs il cadeireantiesd.o and 48 on aprasite desrod Hie hikag petiipndee Homvever,
di sc 12ay, 1sb\!v”ﬂg ﬁlessg(g%: oFthe Jp‘?eé%ﬁﬁﬂ{?e%ubf? k2 tlieqﬂ{e-zog%bgl 1ﬁg f%@gsg Kgblgg:%gal%gna?e

respectlve por 1 on transition re
i 11 ustratedigutatiens sludEasﬂhas(&p;hmwm tn Fiec essm ad¥29.25, and 27 are
cont I nuous, 1|11 Pntn? 5 g. 929, the C-shaped line-of-opening recess has been replaced with two
intersecting line-of-opening recesses 25 and 27. Recesses 25 and 27 extend from proximate one
25  portion of the transition region 20 across the apex of bulged portion 16 to the opposite portion
of the transition region. Recesses 25 and 27 intersect at a central junction at or near the apex of
bulged section 16. Thus, upon reversal and rupture of disc 12a, bulged section 16 breaks into
four petals each hinged at a respective portion of the transition region 20.
As illustrated, the line-of-opening recesses 24, 25, and 27 are continuous, uninterrupted
30  recesses. However, it is also within the scope of the present invention for these recesses to be

discontinuous or broken up into a series of individual, spaced apart or “dashed” segments.
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2009/ 148760PCT/ US2009/ 043144 - 20- In the enbodi ment shown in
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24 (and consequently area of opening 76) is radially spaced apart
froml$eg aﬁm‘dz@ apde $uppert &d hmww@mﬂ@g@@m@zmémﬂred fagwentatm ofoiss 12.
20. accordin t he pLesen |nventlo
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still other enbodinments, the surface finish_js greater t han about 8
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naked0 eyeegiofi?e and rensifionveak @@ss recess fornmed by the el ectropolishing
t echni que ethblts

formod byt nolgpia AR ek B Ak tent Ve Gl 1R A Hyine-

t he i nvept-bningassst Pel g ehal Bolt0} Becrbinbitks 3§ avdridédeviatib®foMnthy/ mean
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t he pres@hface.nlpestil] Sher coborlimeatsa thesidnqe; fangh is geeatep thap sbat Snpicegiyehes of
ebodi N8R age 3Blial i fidin MK aF UL ARE (AR AR IGmit 1HOBR Bpciiflgrbeth
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in the art epartlng romthe ’spirit o
i nveRsi i o®4 is readily distinguishable from electropolished line-of-weakness recess by the naked eye. The

line-of-weakness recess formed by the electropolishing technique exhibits greater luster than the
line-of-opening recess formed by the present mechanical process.

The embodiments of the invention described above are to be used as illustration only, and

should not be used in a limiting sense to interpret the scope of the present invention. Obvious

30 modifications to the exemplary embodiments, set forth above, could be readily made by those

skilled in the art without departing from the spirit of the present invention,



-21- W claim

1. Anetallic, reverse acting rupture disc

conprising: a bulged portion having opposed concave and convex faces;
and a circunscribing flange area surroundi ng said bul ged portion,

sai d bul ged portion including at
formed by nechanically renoving neta

| east one |ine-of-opening recess
fromsaid bul ged portion, said

at | east one |ine-of-opening recess céhprising a singular channel and
havi ng a depth that extends from one of said concave and convex faces

inwardly toward the other of said concave and convex faces,
bul ged portion of said rupture disc adjacent said chan-
substantially uniformnetallic grain structure.
according to claim1, wherein said channel

nel

or substantially V- ?}ape_d in cross section. 3. The rupture

according to claim1;

€ @A ei n sai d rupture disc has a nom nal

sai d

havi ng a

2. The rupture disc
I s substantially U shaped

di sc

t hi ckness of at | eadtAon@dfic eetrse actthg ripfire WRlcWolffsiifp. according to
claim 3, wherein sabdulgipmeionhiesisg Wpdbedtoh&Se At Q960 i nch

and a depth of at

| eafatesQa@P4 i nch.

a c%rcumscribing flange area surrounding said bulged por-

tion, )

sald bulged portion including at least one Iine-of-opening

recess formed by mechanically removing metal f'rm'g
said bulged portion, -
said at least one linc-of-opening recess comprising a sin-
gu]ar‘ channel and having a depth that extends from one
of said concave and convex faces inwardly toward the
'other of said concave and convex faces,

said bulged portion of said rupture disc adf—acent said chan-
nel having a substantially uniform metallic grain struc-
ture,

2. Th§ rupture disc according to claim 1, wherein said
_chamlcl is sgbsrantially U-shaped or substanfial]y V-shaped
I Cross seclion.

3. The_ rupture disc according to claim 1, wherein sajd
rupture disc has a nominal thickness of at least 0.008 inch.

4. The rupture disc according to claim 3, wherein said
channel has a width of less than 0.060 inch and a depth of at
least 0.004 inch. L

5. The rupture disc according to claim 1, wherein said
bulged portion of said disc has a diameter D and said channe]
has a maximum width W,

when D .is 1.5 inches, W is no greater than 0.020 inch;

when D is 12 inches, W is no greater than 0.060 inch; and

when D is between 1.5 inches and 12 inches, W varies
substantially linearly between 0.020 and 0.060 inch.

6. The rupture disc according to claim 5, wherein said
dmmwlmmaIMMHmmmkmhofmiamIMEGOfmedmne
thickness of the disc.

1ﬂwWMMHMCmmmmgmdmnLmemmMm
least one line-of-opening recess is created without disrupting
the substantially uniform metallic grain structure of saig
bulged portion adjacent said channel.,



5. The rupture disc according to claim1l1, wherein said bulged portion
of said disc has a dianeter D and said channel has a maxi mumw dth W
when Dis 1.5 inches, Wis no greater than 0.020 inch; when Dis 12
inches, Wis no greater than 0.060 i nch; and when Dis between 1.5
i nches and 12 inches, Wvaries substantially linearly between 0.020
and 0.060 inch. 6. The rupture disc2according to claim5, wherein
said channel has a mninum depth of at |east 40% of the done
t hi ckness of the disc. 7. The rupture disc according to claim1,
wherein said at | east one |ine-of-opening recess is created w thout
di srupting the substantially uniformnetallic grain structure of said
bul ged portion adjacent said channel. -22- 8. The rupture disc
according to claim7, wherein said at | east one |ine-of-opening
recess is created by a mll having a m | dianmeter of between about
0.020 to about 0.080Thanipiaeetiss dddgrdihg AP6llm 10 vR0IREMOf; Or eater.
9. The rupture dll@@t@@m;@bpgpéﬁ]@}e@égyi cre‘ﬁ%ﬁrb :pmﬁfl -at | east one
|'i ne- of - openi ng LEAESSMES: SEDEL zlyab -5 a@ﬁ o 0 CI?E) d?a ion.  10.
The rupt ur e di S o3Gaah gbido )68 Bpiy St el 4 68 HEY por i on
has an apex, said Ei €= 01 -0 %&. &8 E5&{¥y di sposed on said
’ﬁbecr 'PF‘B'E ticgleprding welain laperaimanidid sai d apex.

bul ged portion at a i X
11. The rupt (P& 8718 dngdowaning rses| i ganerallphErshiopedan d bul ged

portion conpriseSOHgWalMity of Iine-of - opening recesses. 12. The
rupture disc accorHt-ngiet mptiraidisclaccontiey & nlahai o WhergRdped ti on
conprises at | eabtlgedporeioohgadiesbek| 926d Dhc-0R8PéMTs FREESSES, Sai d
recesses confi gudegosed dnhaid bBivigad gaﬁ_flajnn&g Eﬁ%icglﬁ(glpgﬁ)g&emcgﬁ i ncludes a

plurality of petﬂ;!lng@ﬁmimidapex.l he rupture di's¢c according to
| i, ne- of - openi ng recesses

claim 12, wherein qq[‘%gh’r@% . éWO 4 A
intersect at or npear pgﬁ%%l X ¢ 867N lgedaib it Wbkrein said
g iprises a plurality of line-of-opening
recesses,

12. The rupture disc according to c¢laim 11, wherein said
!aul ged portion comprises at least two elon gateci line-of-open-
g recesses, said recesses configured so that upon opernting
said rupture disc includes a plurality of petal sections. -

13. The-rupture disc according to claim 12, wherein said at
least two ]me-of—op.enjng recesses intersect at or near the apex
of said bulged portion.

14. The rupture disc according to claim 12, wherein said at
least two line-of-opening recesses do not intersect.

15. The rupture disc according to claim 11, wherein said
bulged portion comprises two arcuate line-of-opening
fecesses mterconnected by a laterally extending recess saig
arcualte line-of-opening recesses defining a pair of hingé sec-
tions Jocated therebetween.

16. The rupture disc according to claim 1, wherein said
bu.lget'i p(?rtion has an area of weakness at which reversal of
said disc is injtiated upon exposure 1o a predetermined over-
pressure condition, said area of weakness heing spaced apart
from said at least one line-of-opening recess, ”



14. The rupture disc according to claim 12, wherein said at |east two
| i ne- of - openi ng recesses do not intersect. 15. The rupture disc
according to claim1ll, wherein said bulged portion conprises two
arcuat e |ine-of -opening recesses interconnected by a laterally
extendi ng recess, said arcuate |ine-of-opening recesses defining a
pai r of hinge dons |ocated |ocated thétebetween. 16. The rupture
di sc according to claim1, wherein said bulged portion has an area of
weakness at which reversal of said disc is initiated upon exposure to
a predeterm ned overpressure condition, said area of weakness being
spaced apart fromsaid at |east one |ine-of-opening recess. -23-
17. The rupture disc according to claiml1, wherein said at | east one
| i ne-of -opening recess is forned in the concave face of said bul ged
portion. 18. A netalli reverse acti rupt ure di,sc conprising: a
bul ged portion ha i% ’@gﬂgl @8&3&‘{%‘9 50 EBpele WWhegwia sgidftan openi ng
area having at Ie! , SU IR TPGESE ipaacd indhe encapefiicag recess:
and a circunscri bPhEAIE PY PAFER- sur roundi ng sai d bul ged porti on,
sai d opening area iAngpetellic bevessa dctingyupinrd disocompakinge gr ai n
structure t hr oughowabulged pbréion hesdag oppset coecaoé andestiveg ficesess
conprising an el ongataad anhaendlg sted haedghy 1easPahé ndchaprsgy edges
intersecting one of dSaitediRnearepaiish FRBNEXndaces and side margins
continuously sl opi ngg; : ly } g, deepest
poi nt of said channeItidf?gtsicgﬁg{g@ﬁgﬁ%%%g&ﬁ%%ﬁ%%%pbz#%gpdfecess bei ng
created by nechani CS?Q ‘erermz\tlljen net al rom.gjfii d .?qggni ng_area w t hout
di srupting the substanty él{% u?‘lgg;(’)]u};%narf‘g Spptallypufarnsmefillicr e of the
remai ni ng portion of g?é’ﬁgg 3§ @4, 19. The rupture disc
according to clai mS3iatigagase hing-gfwpening edess eomprisingan ¢lahd y U- shaped
or substantially V-sBagéehpunel defizedby ripair of sp26ed Sgesrinerur e di sc
accordi ng to clai m 1&ctwgemeiof ssil chncanpt anceeativer fhas sadngds nal
thickness of at |easmafzif@@ontimtously sRpingTheay URiHI@idlegsesaccor di ng
to claim20, whereintosairdachpid)leeBspsintbLédid Shad@ss than 0.060 inch
and a depth of at kgask 1&sP8fe 116 opening recess being created by
mechanically removing metal from said opening area
without disrupting the substantially uniform metallic
grain structure of the remaining portion of said opening
area.
19. The rupture disc according to claim 18, wherein said
channel is substantially U-shaped or substantially V-shaped
in cross section. '
20. The rupture disc according to claim 18, wherein said
rupture disc has a nominal thickness of at least 0.008 inch.
21. The rupture disc according to claim 20, wherein said
channel has a width of less than 0.060 inch and a depth of at
least 0.004 inch.



-24- 3022. The rupture disc according to claim18, wherein said

bul ged portion of said disc has a dianeter D and said channel has a
maxi mum wi dth NV, when Dis 1.5 inches, Wis no greater than 0.020
inch; when Dis 12 inches, Wis no greater than 0.060 inch; and 35
when D is between 1.5 inches and 12 inches, Wvaries substantially
linearly between 0.020 and 0.060 inch?423. The rupture di sc according
to claim 22, wherein said channel has a m ninum depth of at |east 40%
of the dome thickness of the disc. ao24. The rupture di sc according
to claim 18, wherein said at |east one |ine-of-opening recess is
created by a mll having a mlI| dianmeter of between about 0.020 to

about 0.060 inch operating at about 10,000 RPM or greater. 25.
The rupture disc according to claim 18, wherein said at 45 | east one
| i ne- of -opening recess is generally C-shaped in configuration. 26.

The rupture di 3¢ a@oTie rgpture dibanmo@dingvib etannl & avlcerbinl getl portion
has an apex, sai dydged gatbn 8N&id 813618 a SRLRIND s.Tesé clagingd di sposed
on said bul ged poidsl:0faRiman Weghtwon so closer to said flange than to
said apex. 27, en R P.“j‘?néiie'écwaﬁ%riéd? tfﬁn@'.(ﬁ'o'”fhél%’ _Wherein
sai d_bul ged porti of t Qi FPRcHed W idid bkl aldnlF068 iRREMAS
' 35 when D is between 1.5 inches and 12 inches, W varies
substantially linearly between 0.020 and 0.060 inch.
23. The rupture disc according to claim 22, wherein said
channel has a minimum depth of at least 40% of the dome
thickness of the disc.
40 24. The rupture disc according to claim 18, wherein said at
least one line-of-opening recess is created by a mill having a
mill diameter of between about 0.020 to about 0.060 inch
operating at about 10,000 RPM or greater. 7
25. The rupture disc according to claim 18, wherein said at
45 least one line-of-opening recess is generally C-shaped in
configuration. »
26. The rupture disc according to claim 25, wherein said
bulged portion has an apex, said at least one line-of-opening
recess being disposed on said bulged portion at a location
50 closer to said flange than to said apex.
27. The rupture disc according to claim 18, wherein said
bulged portion comprises a plurality of line-of-opening
recesses.
28. The rupture disc according to claim 27, wherein said
55 bulged portion comprises at least two elongated line-of-open-
ing recesses, said recesses configured so that upon opening
said rupture disc includes a plurality of petal sections.



28. The rupture disc according to claim?27, wherein said 55 bul ged
portion conprises at |east two el ongated |ine-of-opening recesses,
sai d recesses configured so that upon opening said rupture disc
includes a plurality of petal sections. -25- 29. The rupture disc
according to claim 28, wherein said at |east two |ine-of-opening
recesses intersect at or near the ape®*60 of said bul ged portion.

30. The rupture disc according to claim28, wherein said at |east two
| i ne- of - openi ng recesses do not intersect. 31. The rupture disc
according to claim 18, wherein said bulged portion conprises two
arcuate |ine-of-opening 65 recesses interconnected by a laterally
extendi ng recess, said arcuate |ine-of-opening recesses defining a
pair of hinge sections |ocated therebetween. 32. The rupture disc
according to claim 18, wherein said bulged portion has an area of
weakness at which reversal of said disc is initiated upon exposure to
a predet erni ned ov29pFlessphee dvnditording tealiatn 38 sehertingsakatess bei ng
spaced apart fronseiwh lapeol-cgendnge@cessds inirsbebat o peattheamex

| i ne-of - open|ng;&@gﬁa%upedﬁﬁﬁmﬂhe rupture disc according to claim
18, wherein said ag RRed sbB@coQﬁm@W@@lhﬁﬂZB%ﬁ&éuﬂﬁuc’[@tr med in the
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recess.
33. The rupture disc according to claim 18, wherein said at
least one line-of-opening recess is formed in the concave face
of said bulged portion.
34. A method of forming a line-of-opening recess in a
metallic, pressure relief device comprising the steps of:
providing a bulged rupture disc having a bulged pressure
relief portion configured to rupture and open upon expo-
sure 1o a predetenmned overpressure condition and a
circumscribing flange area surrounding said bulged -
pressure rehef portion, said bulged pressure relief por-
tion having an opening area in which said line-of-open-
ing recess is formed, said opening area having a substan-
tially uniform metallic grain structure throughout; and
mechanically removing a portion of metal from said open-
ing area so as to form said line-of-opening recess, said
portion of metal being removed without disrupting the
substantially uniform metallic grain structure of the
remaining metal of said opening area.



35. The nethod according to claim34, said |ine-of-opening recess
being forned in said opening area on said concave face. 36. The

nmet hod according to claim34, wherein said step of 5 nechanically
renoving a portion of netal from said opening area being carried out
by a ml|l having a m |l dianeter of between about 0.020 to about

0. 060 inch operating at about 10, 000 -®M or greater. 37. The net hod
according to claim 36, wherein said line- to of-opening recess is
created by a plurality of passes of said m |l through said opening
area, each consecutive pass increasing the depth of said

| i ne- of - openi ng recess. 38. The nethod according to cl aim 34,
wherein said |ineof-opening recess conprises a singular channel that
is sub- is U shaped or substantially V-shaped in cross section. 39.
The net hod according to clain134 mherein said nmethod further
includes the step reatjn ne, aid pressure
relief portion, éﬁ%TiFgﬁﬁ%? %‘%ﬁﬁﬁawgaa “WFArt fromboth
sai d opening ar e@céfﬁ?ﬁs% Py fprmae alkanCRYg ey sald concave

face.
36. The method according to claim 34, wherein said step of
5 mechanically removing a portion of metal from said opening
area being carried out by a mill having a mill diameter of
between about 0.020 to about 0.060 inch operating at about
10,000 RPM or greater.
37. The method according to claim 36, wherein said line-
10 of-opening recess is created by a plurality of passes of said
mill through said opening area, each consecutive pass
increasing the depth of said line-of-opening recess.

38. The method according to claim 34, wherein said line-
of-opening recess comprises a singular channel that is sub-

15 stantially U-shaped or substantially V-shaped in cross sec-
tion.

39. The method according to claim 34, wherein said
method further includes the step of creating an area of weak-
ness in said pressure relief portion, said area of weakness

20 being spaced apart from both said opening area and said
line-of-opening recess.



