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REVERSE ACTI NG RUPTURE DI SC W TH LASER- DEFI NED
ELECTROPOLI SHED LI NE OF WEAKNESS AND METHOD OF FORM NG

wa ko0 EY OF WEAKNESS BACKGROUND OF THE | NVENTPCMNUS2006/010989

Field of the Invention This invention relates to an
i nproved process for preparing a bul ged snooth surface

SIS AR DTS pousieD
| i AdNEf ORAERAENE I AR METH @D YHBORMINGVTHE LRNE @bl WEAKNESS

reverse and fully open at any one of a w de range of
over pressure setpoints. The present invention rel ates

geNat )o[g]gD a i rupture disc having a
Laseﬂsg?ine g?e?%?%%ﬁY?@ﬁgggline-of-meakness recess,
and tolan i Hldwvéthefatdmidnof form ng a

i ne-of - weakness recess in a reverse acting_ rupture
di sc t HA{s BEiioagelpss fo Byemregdprocesiospepatipgmbulged smooth surface

r ine- gf - €t .
XSS A B SRR BRSSP TR st o e i s
oplenirowgplished lives-olf- wealkamksrrgedsirwhérebyethe Hisewalk re¢iablyreassand fully open
while at the sane ti preventing fragnmentation of the

dPERY 96T peNige BaEe OAOYIBtesTUES SRIRUNESY ank is first

pre-bu : ' ' ' i .
e P A R A LR D g o
e dpfinedededopokshed dinatofiveakiesa r¢u@kd, iadd todn hgrob &y @ethdll of forming a
r_sisgﬂyaterial cqorresponding to a desired ] )

| FREOBIERRNERNESSESSIB d3eTserchingrupde dise thah awugs fulhepening of the disc
b h ' sor i . .

OPRAFIEHRS SR S il et BEDoBHAEF) gy ocse o
| assart fallespeningtdfahe dizt ulagths tine-bhereakbyess escebd)@viile at the same time
| ustrous polished |ine-of-weakness recess in the disc

d
oPreyedmedepessntationod theghscamgngevessap r o aantaie diseddankdp first pre-bulged,
t [ . ' i S . . .
o ostes Syl 86, Bl RherRrob el SIS kol s praterial. A laseris
t efiployeditd raneovaf atvieast nemstioe oL 8 ldedri otadsiblymaraiabebrresponding to a

opposed. channe|] portions separated by a central raised o
cﬁ?ﬁ}mg g'aw?-a‘f?a{mﬁcﬁﬁ &355% Mdhe ppneaw fape,pl the hylgsd supspre disc. The disc is

g . [ i (0)
OHERSE-E2 a DRE i UORALL L LU, AR e s s ot
prupiire elisep eindrelsy fornhingl a hastroan polifted dfmerdf-wénkheasi@tess in the disc of
tearing reliability along the |ine of weakness w t hout

detsied seafigusation andipf agyyedeseraunag; depth theids relpied & sfeyial thickness. In
el TR _ _
B %E?Q%‘g%df’{}ﬁﬁsg’le?%gf’ %1% H%%%%%@‘?’??‘I“Dn% AP0t vealpess recoss defined

| Bf $paced dpp@sel dmnagl pobtors eepRirattd Bya dntrah@ised 8i0%eh portion wherein the
oper ation, thu%Hpreventiéghany_signifiqant oxi dati on i
ofhanRel porfiqng age fiereate dgpthdhansaidesowmpeitione B onpeRedhannel portions

WOEHhE 11h EBR AR aRess recess provide opening redundancy and therefore increased tearing

reliability along the line of weakness without deterioration of the cycle service life.
Preferably, lasing of the disc is controlled such that a relatively thin residuum of the
resist material is left on the disc at the completion of the lasing operation, thus preventing any
significant oxidation of the surface of the disc by the laser beam, which would impede or
interfere with subsequent electropolishing of the metal. Use of a laser to define a desired

line-of-weakness recess in one face of the disc allows the manufacturer to provide any one
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interfere with subsequent el ectropolishing of the
netal. Use of a |laser to define a desired

wo povedafe29veakness recess in one face of the di BCT/HB1006610989

tolretieadeatialdy ihldinited sglewiondd limay obweskniesd ¢onlgaehtions and disc surface
selection of |lines of weakness configurations and disc
&% mar ki ngs. This invention relates to a reverse

buckl imgs iWEthGeldies fo ARIERD bﬁclﬁiﬁg#uﬂ%ﬁ%.d@s%ragée%lﬂhat has particular
utility in sanitary pressure vess prping
aipityi i aariitaryspre e vease pipingadpplibitions el?haﬁrﬁbceaﬂdal{j 6¢hemical and food

[ [ t ire that sanitary conditions )
Ll i TN —

| egi t Jy . wth steam .. .
%%gég%iﬁdgérs 12% i tH ch g%?@g%%gggn%{u iﬁe’s%suglr?% gdéggssééégn%f t éﬁm sanitization
agentopdihatd prambsseeloficn \agd ppérablel o \telatipsig I6wWr el fessures in which
whi ch overpressures in the_ equi pment or pipin )
OUFRIESTUSES 1P GOBIFRSSE Ob BIDIG Sesedied thepto et be reliespd at prossure
ahp :pS{ ' ' 0) | o .

L A 2 oSl eyl ARG 28 sy PR Riprue diss for

applietyaofl appdications, but hdss heemn fhadndi fidlf iocplotidearrow range burst
rovi de narrow range burst pressure tol erances at |ow

ngé?‘H?é@%“ﬁWé‘é.at{WBYQJBWS%U@CSaccon'pI i sh reliable di sg

ruptu LEf taly: r i~ has. now been.

found { Rar" B e oD o o i B oG it has mow

binl fouad thirheregjaired tuptiee apteifibatign ot 8 hed wisiR 4t @6d dagfe time avoiding
robl ens_ on the ?urface of the djsc bg subj ecting the )
iedigiel gallseiian PrYTns o e Suricsrptdby fise % sgbjessipgethe disc material to a

L O af di . ' t hereof . . and b
FASL I L S0l ERTLUAE oTSAE R0 il O BBl pRBE . by
theecattef dppiitinga fegnm®ihe di@OvRioh teturnt theidefiédted seBB®hte@idn to its initial
whereby the netal of the deflected and returned '
pegihvherely e mesal Oﬁﬂleéieﬂ%t@ijm@rraﬁumedtspgm@r;}rr@ﬁalshas an altered grain
SRR ' - f renai nder, o .
centr al%g bu E’Ertfhgg% | gﬁbe@h%gtﬁg{ 4 al%(?ert dhe e\’#rgﬁf”gﬁeda??&twn' The

netalofiee defigoredtnd aginasd SogMdaL kpidi @Jhﬂ!itsﬁﬁ%ﬂe@' W¥idual stress than the
atress than the disc material surrounding the

157 paterial suounding e iniiphy defleciest ssamentgagion mgultingrfrom initial plastic
L6, def t f.a localized segnment . .
péefglfﬂé%io IQJrf g ?36{:1%2%% < gxg)?i?t er%%qg% ﬁfSt mnone ?chﬁloﬁlr @jgftﬁ%n prias’uc deformation

dethet samtei loculiztd bépmiens sgkord BGRd bFRMite 8BERDA. I €gi on i n
t he opposite direction. 2. Description of the Prior
Art I{g- hasDessatptisa of therRsias A provi de bul ged reverse

actin ' ' | i neof - akness recess . ;
or " seipe PhbEethth RO Bupid Elre HTRSISS AR Hauing a line-
of-weslaksascesOor eoM1felih BRSO OEREh AL, YTHRIRES §WSkness or score
scores, or a circunferential |ine-of-weakness recess

ﬁ]ppstl}qge eefsalbebgencEossfScetRy of iasdrcwméarential dine-of-weakness recess in the
%(#Iﬁgﬁeofaéé’\@taﬂﬁg AR WiESdR lﬁé-o%-%gﬁnelsis Pe%esdseofris&%% litng %efallrrlees@che area of
the disc 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 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,
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the disc that opens upon reversal. Wthout a
i ne-of -weakness recess defining the opening through

wao b@edd®ed upon severing of the disc al ong the PCT/US2006/010989

'agmq%vmgrwgaﬁémms@f thebpdtgled CirGinfetential 8368¢ $#es or lines of
but not necessarily fully open hi the case of a

owakxms ereemieferred in bmmmmgpphmgns bagaasiersd g largerepsning presented

the |line of e r ot a conti

PR > EFng o MR g 5 MRl sdofe B ASe SRR ENEL orossscored dise
f r agngnhcit dfeveaRhest RevEIRNEtbRlre BécRForthed 1ﬂQeﬂir§eCacﬂﬁg Bupture discs by a
reversal and opening. A cross scored disc forns four

pretall ssotingdiepusecbicunsen et 9rqsip$m grosye st disfc, ety chemical etching to

epar el Rt i ploRY Sty tmen AU R R rfor acki diss have

WREkRRE JnfkElvEd SlaBlifa8firihg dIfAVIIRES SERHVR eRPdtidnedd dfditftional problems
because of the | arger opening presented upon severing

aﬂvaﬂﬂ@lschpphcaéionnge& he arcuate score line, as conpared

d h
her ot YEPERBEER oS ok e g Bl mal TN Be fhe ggn structure
bihd Ae RSt th%(iﬁéthlrw tHé' s@@re #36. Phe ﬁaieﬁﬂedimbhﬁ’dmg b 9&lR& liAe formed with

groove in the disc, by chemical etching to renove
rretnglal fsconng Hie i Worleh@ndgnei dedig 8w $doring prbeessf thus dueeasing the

ey e e S SR SR Eedsss romes
QSR LA RhitREORIABSiferdf MR ThPufe ARPAs!GBRIST fhﬁ@% cracking and stress
Metal scoring dies work harden the netal materi al
tdorssiohargetal sednmgglepths requitedt for satifattaty rczpﬁtaylonfpra:ﬂoendly alter the
net al t score l.ine . The. roundi ng.a .
SEisit Piged fohf Sttt Mk dcafFebEip Pisgebfts BESS ifnately required
haERRRANE Mg &J&%ﬁ&@&h@ﬂu@eﬂ GRS opfdMifon dTGh& @Rt Plor to scoring.
the brittleness of the netal and credting stress

Zooresqueitl, ibis very diffisgt mptodmcraemede sttimstmlgahmiptuod disc having a

t he ta t.the serv | of the r re.di .
o Trssprmeditng fostibe s et il £0th SphelebRg P riffand multipl
'%E@éssﬁ@ﬁfelsﬁﬂegﬁﬂéshs required for sati sfactory

operation profoundly alter the original bul ged done
st r endt hasaléd bﬁ;mprophséd tocfiotrh atsoonerimdiic b rmteesemcﬂag wpgure disc using

ul ti mat el ui red ever se t e ruptuce di.sc n
s ey The %“PH‘@”[?BE‘P’%PP%%? RGBS 5P fotpl fof & mumber of

. SEROhS! gfheq'@ﬁ&ﬁﬁi’c? BHh)é métél aked® Ei)fﬁ@lllf tB lo6htrd] thehRERHMIG f the beam

a reverse acting bulged rupture disc having a ‘score
I 1n’auethé ﬂmimdsmfttlie raetatamdithageloli formh laamonth drodratdf uofferm depth along the

reI| and sta | e syccessi ve pressur,

;‘9 ot thegiiendt (faﬂ%og‘éfsﬂglﬁ%%aeé o o ARCEoR G ipandy heat and
: tﬁnﬁ‘thre Qse! é&dl?@fﬂe AohtdrtHR b &aﬁ%@tﬁe HRtddr df ﬁ?e‘%ﬁetgle Pidcs having lines
These proposal s have not proved comerci al

seftweakaast bugnefl by adasatirve beaf foumh@dnsmséﬂs&ctc&jf iregse] natoyly from the

of the. netal s it difficult to control
pwélp?ef 5 rrgF LAl BEBRES At Goaued (E ke Sich Mass, but also having

} %{rﬁF@r?kmﬁ]i%by forma snmooth groove of uniform
ept

Chem1ca1 etching of a rupture disc having a segmented resist layer defining a line of
weakness has also been suggested in the prior art, as for example shown and described in
U.S. Patent Nos. 4,122,595, 4,597,505, 4,669,626, and 4,803,136. The patentee in the *595
patent suggests screen printing of a resist material on a flat rupture disc where the screen has

openings presenting a pattern of the desired line of weakness. After bulging of the disc, an
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l ength of the intended |ine-of-weakness recess.
Furthernore, lasers significantly heat and burn the
waele®e/1029 di ze the material and change the netedT/U81¥96/010989

atutdomtivatadpraRaemso tha disado kichadinefof weakdss Soibeidaadviltythe area of
a |l aser have been found to be unsatisfactory in use,

rﬁlaﬁ disp|upprqtemted By the aprdbangteridf The mqtaémuefa%@ﬁ ithey disatmaterial is

%g{g%’l?e.cg%?%uqa?rsaﬂfl ﬁo{ pee:rfegtflydﬁorﬁgdlgg?cag% the W v (? m?%—By-&*dg grains have

@b&@ Wiy il ySst AR OlFe Be®fbeh @isd Sthink AREref6tt] WhélDarRadill BRhant agent is
of weakness has al so been suggested in the prior art,

aﬁp liaskto ghespfes afiibvmetah thag agant dorsaof art wniGormPupesass thpsurface of the

2 5 .4 .669, 626 03, i
ail h tlggtgadﬁﬁl gtchgl%és Qrg ﬁggrgﬁfé% g)ttgxe v’gﬁ 3?’?% litllnﬁ &rams than in
Qfocﬁ*ng’ ﬁ’l‘éllﬁghdﬂ&hﬁﬁdcs’ilbeakﬂ oftifel Aétal HRind! Q‘hgle‘ﬁdhaﬂf@@g'eﬁt tdifained in the
screen has openings presenting a pattern of
Yaley eayitigsrig éhe\wgdk met enly spererapidlygirade B mﬁel it the ,valley area as

PRt it g ot e o8 ettt S RIS RS effciontly.
M tfeAdant TORINER @b &dlﬁﬁga?ﬁ)c@sfs ithe eﬂé@g@reﬁ@ﬂﬁf toRbhieSs of the metal

somewhat irregular and perfectly shooth because
wéaqenmth itheudeicresiod sunface direuilagitninescabiag Mlﬁéancsoﬁaxphsure of the metal

X5t B b e BRI B Pt BdRLs pRiiapS g nberently
¥Btradion trbgitaRg@Nth dRefaiiREs Atdel, Uii‘lb&fé'l ”’[—MstﬁHéﬁ@S dnfBmonel. As a

surface of the netal. |nstead, the etchant i's nhore _
agefeausrico subjectione Of/damea;aberbmbvmwsmhneremtammatmdmtq an etchant acid

Pt ek 1R cLgACoachhfenPiba ERE B 1 wificdof B B for extended
betib &V LinHeraB leYo ¥Ry 28RSl Mh BT t9FRally R a8 BIiRh ab r70 90% of the
the valley area as conparéd wth the surroundi ng pea

arielanesoéf t hmegaiaFmsexample ifshamsteridbis §0rum.ehick, as much as 0.0036 in.

efftgl entl The até; dant result of the etching

. g erofle ihb“ %55 é’r?“ﬁ’é ‘roughness of the netal
sur f age additibh ihheades ra@&mﬁfhsﬁ li‘éafséﬁzﬁ)lﬂf Effr%%ﬁlt @fdsfdﬁ of these corrosion
increasing with time of exposure of the netal t he
&S@mﬁm@@e&hﬁ thedtehant pgant ehates ws‘ab@omﬂmadtfonr @d pﬁrtmuiar type of
B 1 Bl LA SO SRLT Sk . o o
@K%ﬁﬁ'ial Wed 3o GRASEIMERCE padtithl £ SubRite Qﬁsct RBSEbe selected to meet the
i nherently corrosion reS| stant naterials to an etchant
apéodficatiqus ofghe appdicatidie lhffetmhdlscagmﬂmaucmmqumerms@@ﬁthﬁemnt types of

S S OB, B B L B RSS2 oo
@@sﬂﬂiﬁ Gls@%a?&m? Qe ﬁfmﬁﬁ@t&éﬂ 'sH&ﬂ@ ﬁ%ﬁvaﬂﬁﬁe Q@E‘L@hant BEQdnt that is most

exanple, if the material is O. hick, as nu
&&e@ne0B6rdding tﬂm‘s&pemﬁceoﬂdsdn nhsrstamg n1eh.=é etc h| ng

P eas ondB R RBRE i Ui 135 eiRoh St SE6 TR abiAf metal o be ctched

through a suitable etching bath, where the rate of feed of the metal strip within the bath, the

acidity concentration of the bath, and the bath temperature are controlled to obtain an etched

groove of preselected depth. The patentees describe the remaining material at the bottom of

the groove as being a flat membrane extending along the length of the etched area.
Because the surface of an etched line of weakness has been further roughened as a

result of the etching process as compared with the original surface finish of the metal
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 obthel dismisr@ullisancheteat., 1bS R aswit

resistant materials, the etchant agent chosen nust be
one tailored for the particular type of netal. Thus, a

walrdobaemmed aci dic agent is required for each oPCT/082006/010989

“Iﬁa’éih’flyﬁxdswsain@oseﬂm wpaetd defimng éreilale af vedkbass during cycling of the

manuf acture a particul ar rupture disc nust he sel ected

e sre exanghatg e Tecbeing BB e thpshisce MhegRereased Suface area of
i fferent. dis ' | ' ' .

SR RSPt St s Bl ) o comive

affeefl WidcH ArrReadddregethe WAk peasise life efthe dscoMhisdsinspaatant because

- disc material, the manufacturer shoul d _hav%éavai

L al, ; 2 | abl e

afier arutaedissdemountag in placestha diss ME¥ FSOAIN iyt ?Rﬁﬁ}t‘rﬁ’é‘%’f many years
t hat ecific. c | ' s (TRt e;eRat
T
dRuRetrtehast dingugptuge 8igt balst Ametiom relibbatiroughvet ¢he service life
the rate of feed of the netal strip within the bath,

eylates getpblished &uribaiscat i on of the bath, and the bath

tenperat,ure are _contro t '

¢ oEBhERe S S b AP B0 BIREA SRS camor b
éc%H&h[Uaﬂ? _?Lﬁﬁﬁ@d for b nainbbee réRbi Mchididdde gecday Baveson hand a specific
bei ng a at nmenbrane extendi ng along the |ength %f )

ethleané agst fororelntypBeE med, anddhe iordipee GmearqefeHe Pofaimgemoval of

?\{ﬁ@%@%ﬂ%ﬁéﬂﬁﬁ@@@?ﬁﬂefiH“’méaﬁl%éghened as a result of

as conpared With the original

sur f ageortibiniosdbiaih réfratabid Bkt svesprBsstreaning el miptusd disc assemblies
defining the line of weakness during .clycl ing of the
diisigned fer rexerggastimgagplioations,oag cpmgiersial apspach|tp fhe rgquirement has

he disc.,The incregsed sur ar, ! :
b RS bR BP0 28, B8P LHPHERRY fomed i
R bsbdPthetr@ptaRIdiRSs The difleRithe dhthedartasithediscisstratagieslly located
the cycle service life of the disc. This is inportan

bepnsgionsnelethatthe dpmad pargpitbe disc mol faikierst a1 thy aseao! th%éifnple- The
s o
e B g Al B e R i g cverprossr

HeyBMB k. didcfwillibu@¥ @iRplessur e event occurs, the reverse
acting rupture disc nust function reliably, throughout .
the sHiowever, hdimaple ytheresssngife emmvex setaceied thedhudged area of the disc

Fur t her nor.e n etchin rocess. . kf .
e e
3 rEbeleahg bE BRQISceskiBE leyBiphdnt Hethnereh othBalke iodifficult and may
hand a specific etchant agent for each type of netal,

aaglire fheeakdowdiof sheecampanentsguiwiieh ths mptuss Aise dhpesifionsdl in order to
sufficient terial, defining.t | 0. of. kness. In
W%remvﬂﬁﬁ? ef}a@é‘éﬁg% I V? 89\1;]%\%1 rlg rﬁées Sl eé?openi ng of

r upt URgefibBey SESRTTR hitesptiRUI@ReEHY hiviel Sienpiein thgeonvex surface
appl i cati ons, one commerci al g%pr oach to the

£.4% Qs én pilkich 3 p@nted tool forced
iztgﬁ}lsl{rﬂ?e geilci(e:d Iulral cgr,rl]\i/e(}:(hsurafagé &ﬁhg blillsgeéj (seelcitigg 2k %llls\é ffn%li@ Qimple in the
disc at or near the apex of the domed shape. The shape, area and depth of the dimple is said
to be selectively variable. In each instance though, the dimple in the convex surface of the
‘bulged section of the disc presents a cavity which may collect material from the process
operation that is detected from a predetermined overpressure by the disc mounted in a pipe
fitting leading to the processing pressure vessel. Although Cullinane et al. suggest that the
depth of the dimple may be altered, but not eliminated, the patentees did not perceive that a
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the dome of the rupture disc. The dinple in the doned
area of the disc is strategically located in a

w@o®stioeee such that the donmed part of the di scP@u/UE2006/010989

Iigldddidnnle'@le 3ie GdRaviadd Whith B dTi rﬁatefm%oﬁé&fbn&)%b‘}ems ina dimple

reverses and opens at what has been described in the
pn ither disg by ﬁusmmg mnedmﬁmun ¢hdl d;scswtmhms thewnl rebernggdl twmtlal smooth

T RIS
GAMHhEM S8 athe 51%%&%%?1%v@d :r'éQ/l:fs@ ﬁétir%'}uﬂ%erﬂlsé &1d Pr&&Hs for fabrication of

pharmaceuticals or ke. As a result, cleaning of
tthedise ellessiha dpuest piessraer tove lersd by mlmtmebecdntmalng§he amount of the

?ﬁ;{g EkH]Cu' ! P%gs%lr%d{ ﬁ?ﬁ%@gngb e%ﬁg}l{\{\%}gﬁe ! ﬁ:sg?xgg& g}epge in the bulged

W@Oﬁﬁgﬁ}é@ of material that may have collected in
Exenplary of a prior art rupture disc

asse n‘dhguﬂaam.%cgf Gratiammet al.,iUhSt Paterg dviv 63 1§Lﬁ7ﬁadb1s@¢te ahggienic quick

Cul, |
el B i sPAReetion Bbe B biomy S) inBRaBE R ffchemical and
31788& ?f&céééf t%cgﬁ da“? fond, RehidAs Qﬁébtéc?&)trb%ﬁnd%t@irﬁa@re{/%é@ulgmg rupture

ein I'sc at or near the apex of
sdwcpasseﬂibbr sﬁhqoﬁttugrmaludwdtvdaemuphngs hinangl rﬂapga wlscls afedretained in

to_be selectivel ariahle. In,each instance though,
Wcépﬂﬁfeécqnﬁe‘ft?fi %%Wg% g’ﬁl“f‘}é‘t“g aﬁfiﬂ%ﬁ Fg8d segt i on
of t heR?\)e?& lﬂfcﬁ t@reQﬂééb b¥e fé\‘@fe?féd%ﬁ’ diffkdfal pressure applications

mat er i romt ocess operation that i1s det
f beoansa ape‘mﬂ&t‘tmchhmdismwdt (reass 8l peeshyre héwe thh wostingymessalre of the disc

ol 5 R e B 5 e o i
d\?ﬂérﬂh&’ fis gtﬂseo;%. AP0 e TRY b&%&?ﬂ LRty ld?%épeﬁ%s f time. One theory of the
I m nat e e pat ent ees g not per ceive that &

t detjtierice iof o@eﬁ’tlyn of akfbsilini e blike preavé teckling mptum/dlsdas explained in
materi al collecti onsgrobl ens in a dinple in the disc
t

pYorlsy Y 19 Paisnt Nerehoagi b in the disc which is then
retur ﬁgoﬁlﬁqe'rélﬁe); d%éetitﬁ;le RYBAL Buckith %ﬁaﬂ@ﬁ?ﬁ%@dﬁisc HBhaSdeally meet

at the sane t nore stringent “bu

sqerent ASMHE BRE. (BE]pt(bd&ESﬁﬂ@Equlpmhﬂt) pndaS-eﬁn (mll]nmcb&a&'ry) standards, which

reverse acting rupture disc and process f .

fr&awrrq; CORDBRNG taebedTes o SV HAMPHEHIGRS fuches susyices gopess, obvious
.tered by selectively controlling the anount of

tlﬁe pre bul gi ng pressure, notw thstanding the

eSUMMARYOOFOHR INFENIUAN di npl e in the bul ged porti on

of the disc. Figures 6-9 of G.aham et al jgﬁ

No 6, Bhgreypese acting dvptareedisc g &?1% ﬁm\@naml,cwhlsb Fotiplar utility in

1t5 ﬁ‘l%h fol de {rﬁlgotﬁ é?lvs% dd¥ E‘ggn\}egl face and an opposed
ce e u Grﬂlg #

I'ca i'ochem ca cess ng
O@(ﬁfc@id f@aéSwnlMalﬂhhge por&dﬂplrﬁmnﬂmgrtbct:&n‘ml uged set:mm Ehe convex face
reverse bul ging rupture di sc asse The fitti

g .
i eicthe @ggegl\%ct@gdﬁ pmﬁ@@‘i At substangia ¥3 gm;gpﬁrg,]pteé]r cé)n?lguratlon. A metal
r?eg%leﬂ? gegll&l of the bulged section has altered grain structure as compared with the

.remaining metal of the bulged section of the disc and defines a segment region in a preferred
embodiment having a outer generally circular boundary located nearer to the uppermost part
of the bulged section than to the flange portion of the disc. The segment region has been
physically displaced from the main body of the bulged section, and then returned to its

original position. The altered grain structure of the segment region results from strain
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adj acent interconnected relationship by a quick
rel ease clanp ring. Reverse buckling rupture discs are

w@e@baotoed for differential pressure applicatiBPCEUS2006/010989

g@ra:gc%g\%%egﬂ thEY e%t%l%hﬁ%%ﬁ tﬂld%ﬂc AbRTmWMidd ciRREHL Sleadr residual stress in the

near ng pressure of the disc

We b Bitlregibn ehidi in thd @inagider aﬁ‘tﬁe baigediseetinhi ch often tine
occurs wth a forward, actin i sC nth

o per atEit hidead eyerseating rb? SIS AP apgq][& %Hg,( mg@glcorflember havmg
A58t B DEOURIS 8L QBRERL R P i, Tolneor
exfkabdaadedsdisirefeibly C-shapdddtaihg Maingé areadtPweehrdppogite extremities

?Q?fggg 2321'1%:, l gd ﬁé&%&%&é@rﬁg\/ %]ra,élg{yb gel}rlgn@% I;‘@%{gtxs%f_gé area between the
BI o RN chdn[&'{ﬁ@&)c GentifitylHenli @éerc}i%n of the disc. The
AOLEPRn Gl i

f'equire t € equi pment free of
Sllﬂ{ef-@lc\ﬁedm@f&@éé*s isaftSinsdi by spsed ogpasedsidegalligetaces joined by a bottom
obvious pits, etc. SUWARY OF THE | NYENTI ON The
rw&lérwefaa@twlﬁﬂgemuﬁleu perfages cofother Fiperof-wraliess fecssh haye a lustrous,
I ar
C%Fﬁtf gsgafa 4 1#1131{ Hxajc { afl%géttaﬁ&gt 6?%%6{?11 e, angar@ferably at least

OLRRS 8 Fintel @ﬁﬁ%ﬂlef 868 thé ithfaae ﬁhﬁh@é thpanétaliic membexu e sgrface finish
the central bulged section. The convex fa e of the
bofl e ¢lestropplishe seoeppistearalono SisRSE Hvp| mlcromches, and most
un| r.rupt ed

Bt SR O BB e

C@H&a&ﬁéi 1l b we Rt ek € Pete fdﬁm@@ﬂa@dth@felebhepdﬂmhg@process is defined by
section of the disc and defines a segnent region in
psmEed Dﬂwbsedrbmnnbmﬁlhm/ﬁwgraﬁeddm %Perg@h EHsgd gown perfiodywherein the

ggﬁ%ggl&&&%&%&g {)j et c{epﬁﬂh%{'an%goqﬁ{ oﬁ}ﬁgrrl] Q%Fltebgfthetdr@@ess is generally
the ﬁﬁﬂﬁ%‘&ro‘é@%cﬁﬁnhas been phySI Ca| |y displaced from

n body of the bul ged section, and then return d1
to itsToe Irgvemwl ao(cmg ireptare. disthis m@fﬁéﬂbb’dfaé%ﬁtﬁf by fisstig-Bulging a disc

glaé(] ! «'ﬁ? g{{l? sgl{r}}ﬁrc tﬁ’t é@f@dsté e?gl?trrfaé ?Iéc(’)d?)n of the blank in order

k& élhﬁ%ﬁfralrs@&icﬁﬂai @ﬁﬁﬁ%ltioﬁed hethe ﬁgtm‘min digmisition to engage
tha@feﬁw%he remai nder of ?he bul ged sectl on. qg: 5

bahd)deifleot vher cmtralcsepngn plihe @iaélkdirs Peespurizgd jag 1afap1\>,1qu¢gamst the central
t rs]!%cgltop § aI erlrcle eﬁ%g ?r%}\ilg@ to %?ee f)ltﬂ%c@ ftﬂencﬁgc blanl? Pre-bulglng of the

€ concave

Ofbl Q Qh§t‘t’he @%@caﬂu‘s&%‘r@lﬁﬂ@@# §kﬁ§1$1nl’de&@6§n tiodbe [ﬁdsmfeelrmﬂieycentral section
aped
[ eaving a hinge area between opposite

oot otk bEatinelH! 1 arsyinies ebBandes @@}ea ebthe bplged central scction.

sI| htI |nbo d of e.lr. t,1
buY E‘f’?‘ 8 k{ff‘fpoﬁ’u i,*he & 1‘3‘ R bt“?%%dgtlg (rftg & rr? er en‘?hélpl?[
ext end 118 dehiBt88 ned tség}ﬂer@fregl&ﬁoﬂﬂlﬁ re-Biilged section of the disc blank has

altered grain structure as compared with the remaining metal of the pre-bulged section of the

disc. In a preferred embodiment of the disc in which a post is used to deflect a segment of
the pre-bulged section of the disc, the deflected segment has an outer generally circular
boundary located nearer to the uppermost part of the bulged section than to the flange portion
of the disc. The segment region physically displaced from the main body of the bulged
section, is returned to its original position during final bulging of the disc. The metal of the

deflected and returned segment region exhibits higher residual stress than the disc material



I i ne- of -weakness recess is defined by spaced opposed
sidewal | surfaces joined by a bottomwall surface
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b S S T oo

| @dsdaliabdstgnient togesh Do dirk&tih, kltEtheh plaagedéfoRh&tbn of that same
of the netallic menber. The surface finish of the

ellecalizeshwemsnggionde e appogitecditactibl.y no greater than

about 1. cr.0l nghes.. and. nost .pref.erabl [ no eat.er . . .
Chan addureuBhOE A gish BbichrIRG 1RPE 9ERETY and g Pyt s orginal
NEgpositibh BGabjedtod fo stiebs kd 18cAizedBRkK NASH diREESS thRTHREh are greater
by the el ectropolishing process is defined by spaced

opiresibel seerapmisnpqsed on drssmeispndatod dhahulged sastipmlof thei disgiduring final

c : an erein the channel portions, are .of .. .
oSt e R R e e SRS e WiBPaL G Bntation or depression
I @ARES child @eNedt ahdtyidld FoaPerd procdtiag appRetusMd thifore can be more
reverse acting rupture disc is preferably fabricated

byeadily sraipisedandglenged Mprsovds) thaieflestian sndaubseguaitireturn of a segment
pressurize i, bein Jed to a central section of

P REEIGH G 5 opfti aeitcR e BRLbiCingioed afit did iginegessiy ipture tolerance
Ach@aételiftich peintittRipede bfthd disc iBF)K&Ma%_elhtfbaH bfRAShIch Phdod processing
engage and deflect the central section of the blank as

p epplengtiprsvhest theispeciisition teqaityes adosettbleraneslomeiursg prasswarupture disc
of the blank at a predeterm ned rate to pre-bul ge the

dPEEYEE ank. Pre-bul ging of the blank against the post

causes Jf ohé& hRjck¥boy pRidBLing 'a%@ﬁ'ﬂe{r?trﬁﬁﬁretcﬁs@l@avfi% e&biddin the bulged
the central section of the blank, preferably offset to

a sessionaif thealisceafigréatarienste steangthethan thetrhain bodlyefthe bulgedisection, a flat

section, .After retraction. of e post, the disc is. .

¢ Ak B 4t B iR FRRte AV ng et Gbosoaheh gt R oiis in engagement
&ifhl on® QAR o RIS indf pok#idn BEBetRHINGRHatSiRsh Wt Rl $ddBme the center
di sc blank has altered grain structure as conpared

wiof thet vdgadeseaiion. nGherdeftection podt @referblylag echesesghiedpaldflank engaging
t he dl[ﬁc' I nd.a Qr ef er
i THe pgddipm

1ot bsoseieggeggﬂ glg‘il %Tédgggg}??ﬁgglg ﬁ]@iﬂr(] of predetermined
ﬁ%ﬁmﬁﬁhﬁﬁﬁdﬁgqmoﬁﬁh@rsizte he 1R ffprurk Bscdold RGled ifﬁ%ﬁ{ch the disc is

as an outer generally circular boundary | ocat
nézhrisatet othe Hensile ptnength tof ghe metdl bidnk, thel djemiewe of ithenbulged area to be

- S5 ek R P@hing aq e sogheahon e resisty oY el become the

bubgR agig 6F iheMulded sé@oHoPAE dise, a{rfdsth@ﬁﬁr?}ﬂgﬂ@s!suﬁceﬁff%ﬂeﬂﬁ’al specification
during final bulging of the disc. The tal of the

dédr the fival prodict.et ur ned segnent regi on exhi bits hi gher

a1y BB mESHE WBGrDfp € 1464 BeF Bk i PRk opposite the

P LT bl O SSEA 00 g ek
oft thhsame time chescaniizdmitaiogebe fonegd onthe pattially bpiged térevex surface of
d It}{eebﬁ:ta,rllkoi?l'engagement with the deflection post. The diameter of the area subjected to the
pre-bulge pressure should preferably be equal to the diameter of the final Bulged section of

the disc.
Next, either the deflection post is retracted, or the preformed blank is positioned in

a separate final bulging non-post fixture. Sufficient pressure is applied to the concave surface

of the pre-bulged disc to effect final bulging of the central section of the disc and at the same
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The region of the disc which has been defl ected and
then returned to its original disposition is subjected

W0 e00st10weses in a localized area in two direct PONES1006010989

L’Fgrllef]fé % @i @xﬁ&@%ﬂ u#l@@i’%uﬂ? Sorflcki8n FRSAisdRARSHitRNpbdion with respect

section of the disc during
fto el relhuingexrrg“therwc bcgmplrnor tosfomallcmcofﬂmndfglmromn thedlisc body by the

t t hout de
S e TIFl s AFaARl PP O D SPGB SaHegS el fe g smooth and

?ée% of Egﬁ gctt'\}g‘% Sulfatids Blte%egpe{ig?ﬁﬁﬁgﬂ Joﬁld&ﬂl@@t@hﬁ&‘i’al@ﬂﬁreon or therein, thus

eover, [ ecti on and subsequent
riterferin®ivith osmgredintg aicragmgra)f tfe eqmpntmt wihla sanitizingageht such as steam.

"the disc produces a di

t ol er m@eﬂ%%%er%ﬁrssqfs fg‘ét %@Pm LB %?Pgﬁéetaﬁf%l&‘ed extent and
Bﬁh ljt;% e bl (2%!2}10 to BB BuloP@Gnl HRASS fdnktire the indentation

er I cation reqU|res a cl ose
tw ehaniag t}imﬂahofsﬂm mdesmuom tcr iitpinitiad positien pauseuide ardaithat has been

Fagrv 8 Dgh SRS QTR AT cH GERE SR ATER b 16 EDeigfer of the final
g[;uﬁge ectrl gf e dﬁE ra?% ré%%.\ltt d}'%%ki %IQ% BEY oPfheli&al in the segment
ion, I SC ocated Iin a

f depdorr eTlikﬁ‘seg’i@erﬁ xdgibh,emahnhamoar akereﬂl driiat sttuotirgaistrelagively small
i n engagenent with one surface of the di

RS SHIVGR s et e EAR Do oA AREAIOe MO AR g xtibits a bigher
Ct%H%ifér lfcoﬁmﬁfesg% %?e%l‘lgﬁ‘fe gl‘fds Bl v}_r%ed ﬂElfehﬁfH ti%g ?}ﬁan the remamder of

pretera as a erical engagi ng
P@S bulkea Hﬁitﬁh witenaal cﬁ'etped;sﬁr@ if apphied o thedentat facnof the rupture disc.

the blank of predetern ned extent. d
S, ze op plhgrerlwéglgg angd; gl@l bulgiag rPgtﬂé? glgg %fqngng meg ﬁ% fa5ist material is
t
AR TP 0SS0 By, 8 s s
t fhe dixk R ldipgifiethp disctih @ 8blDgowdT fhla ecsisnaatdriat.i A rhaoq',wrfformulatron is the

respect to what will becone the central axis, of th %
bptearedgesist Baterpl  Alehaydening of theerepist watepiab golgseg beam is used to

gri;egogz[e ? 85&%'11 o?ﬂl%%sflét%ér?ep ﬁ'floﬁmrﬂ(‘ié %@1 H]J]i%%e i ég?{ﬁ%?]d disc, most usually

ressure 1Is ap ace

r slphgl b € -ghaped hina Akja0eRes bh‘ﬁspﬁb‘ﬁﬂ itbbAra off Itlcmtrmsttorwaglloﬂ between the
the blank is held in the fixture to effect
bbuwlgechgsctien andths parirhaseldla plapectional thy G- ol léseéheam is controlled

d
ORDIh PerkbmsFes AT heiepielE sk YA PPl o remove almos

defl begk iré¥ist PRBdrial, Bildlcaviag enlyef minlil&: @sidaus lﬂ)lﬁjtl&crbasit thaterial on the
the pre-bul ge pressure should preferably be equ

t husfage afihe discdlankh & is piefarred thay éhe lasse br%b%@w&e@%@ﬁm the extent
ppﬁhg Hﬁg‘é&%’]ﬁ h(% deh gé‘stréc%'gs gﬂ;ﬁ% dis%, Bt WbPaiekd tBrdnte@t‘Fy contact and

pOSItlone
therefore oxidize the surface of the metal along the path of travel of the beam.

The lased disc is then positioned in electropolishing equipment containing an acid
agent bath. The preferred agent is not an etchant solution of a type that in and of itself
significantly etches the surface of the metal. The disc is connected in an electrical circuit in
which the disc functions as the anode while a conductive element in the bath is the cathode.
Voltage is applied to the disc/anode whereby the acid agent of the bath commences
immediate removal by electropolishing of the metal in the area of the disc unprotected by the

resist material. The electropolishing of the line of weakness is continued until the depth of



a separate final bul ging non-post fixture. Sufficient
pressure is applied tothe concave surface of the

wee@shuloged disc to effect final bul ging of theCTES2006010989
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g e8! %ﬂﬁel&etﬁiydé@&rr ?E%slﬁ'ﬁrg 5 Bons 2Rk 70463 23941 h abglft 7%@'06:!: 5% of the

N previ ous the disc to 1ts ini

p@l&bltne@momhé dise @h?mkc Theeafidrethe eesist ndeariabfs remevel, aad the final reverse
body prior to formation of . the indentation in the disc
E@HWPP%CIHEWQW%W GepRing. As a result, both the

convex THLICARGRYR B ARITChrh 0% Wl B OTRALE Ao the disc

free of "projec aces or depressions

C @biresponding &b i tht Jasetidireoin he redisirmbteriall bmishd Bﬁl&'ﬁeedsﬂ thg disc. The
with or inpeding.cleaning of the equipnment wt

s glﬁ%rpmlwgewews isdefned &Y spasgdrppased @W@k@&l@%@@@gﬁw by a central

L

ot A Bycfhilng QARRA PR oinPREAENE Foliffon g gpovm portion.

| Shecoppesdutigadel pardondef tHeOhﬁ@GSDWEaHnbﬁs ra@d@npratrid@ Neding of metal
returning the netal of the indentation to its initia

paedundeneydhipyebotiibe kgt afitbe lincaef weaknesstbrspldespsuiieg full opening of
: h'ﬁ%‘cen%ﬁf QLR b hF, @Ys% Tf& %@F er%géhfé“c@thé&ls ss than
& Fenal nder o na section of the disc,

as a regiinpditant Advaptags of meq&fsséhﬂﬁﬁ/bm[brpi% thdgbiliBt @l vairfthe reversal
t he segnent region. The se%]ment algon whi ch has

an
alPresped pgqpsﬁwss)f disematesial gfshesamagthichsiess uad far f@hﬂ?ﬂ’a@%@f multiple lots
otf 1§ch§ gmgfl ﬂvegr egu%r H‘gltl]ee glil%%get @ | cgsgibé each lot meeting

har ene ensi

S teERAGAID; the Bathe RYBRYI pi'&sdﬂefsﬁ&ﬁﬁwhbﬁs dV'ziﬂyHl@ th@l@elgﬁt@ﬂthe dome during
t he remai nder of the bul ged secti on when an

o@éﬁ*b\i]é%lﬂf ¢he chsr:da'jmk ‘éh!llft tbe d@me bojahteof thea‘b@l bulge irgnaintained constant

r e di ter buI and fln bul Q
L B of e Sl ol BP 0RO it P e Yy Bhpne maeria
or@valt al wiist p&éﬁ@u&%ﬁ@é’&hﬁ@@@rﬁﬁ%m&d&% QQ‘ijglﬁlcﬁfCtheaﬁQal bulge while
nmost usual |y on both faces of the disc b¥ di ppi ng the
dingaintaining thelpue-bulge dreighk ef theglome eamsiant. allhisAs bsm?q@av significant for
S th referred res

o, S ik sl G SISl TR e o iy Fpuiggeions where

t ndigEmyey @hi@ﬁrdbh@meight ihRvieagsus.material fromthe
concave face of the bulged disc, nost usually along a

C-shaped |line adjacent to but spaced i nboard of the

tr ot i t I tion and the

o R IERCR 0N Af e BRI HEURIS,. The  aser

beam | Figonty #lstirghatidGBplefatatiofo e RAY MY el @BE@I hi€erial used for
concave surface of the doned blank to renove al nost

alprodyfctiom ef reweiss actingt miptugg disestinlaecdrdanee mgthahe pregent 1nvention'

of "t ho 1 or® B epentey Pl Hiedt o TRGelf e /e IE AL B Rine i dashed
b ine & ihe oAt RG @ tHRIdiRDIARS tE¥d R)'Bxhe&) frofhBe bzt @H’&@ materlal of Fig. 1;

| i ne- of -weakness recess in the disc, but not al

t o di r dag.l Jiscoschamptia ptintvier of ordiscolanki foemed é’rosru tlfeaabeet material of
of ..t he nmetal along the path of travel of the beam The

I;‘ >disc is then positioned in el ectropolishing

equi preng. £ &ihRiflc dfbs@sédional representation of apparatus for pre-bulging a
rupture disc blank that includes a deflection post for forming an indentation in one surface

of the blank;

Fig. 5 is a horizontal cross-sectional view taken substantially on the line 5-5 of Fig. 4

and looking downwardly in the direction of the arrows;
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agent bath. The preferred agent is not an etchant
solution of a type that in and of itself significantly

wetehaeethe surface of the netal. The disc i s PONOIRWDE 0989

i N anpd egk-Eisediidic cedst isedtidniivefdsdnifdi ol cF hef ptBibhlg@ﬁgSstep using the
as the anode while a conductive elenment in the bath is

tiixdure alprduated ndiig.abyand whighpesudld in 8 segraentirsgivnwb@aupture disc blank
ere t.he.aci d age f h conmences i nmredi at e

Vﬂg%fgﬁe QPE’C 1?6‘8“6? %cﬁ' #dﬂoPl e netal in the area

of t hqugil BE 4l aked Gagmbitaty\RhéB et SteprmbmaticH of there-bulged disc

el ectropolishing of the line of weakness is continued

daving anh@demqgltsﬁgmﬁmﬁggl@n@n the pertially bulged convex surface of the disc blank

ol sI s, fro %to
Mol B el BRI 5oc} ftivhidn WS PARE By GO GRER b
Ther egi§ &is a hbBzdR8lIcBdss ¥BItRMbRew Sakef Gﬁ‘ﬂ%imeamg of . 6 and looking
final reverse acting rupture disc subjected to
clowamiardy lﬂnlile d@tetmrmfﬁm prseNvs$ig procedure forms a
reces

d di
Lhe T did FARERA et ety Sl PG R DL Hopotn in Fig. 4
Qhd Elhﬁtr%@the mﬁnal i %wméswa ?sdap'bﬁé&ﬁﬁhé SordB¥d ﬂa@edof%{e pre-bulged

spaced opposed channel portions separated by a central
Bptgmﬂlmwfepbﬁmalcbnlmg of thhveuptwradsel portions bei ng

o] ter,.depth t an the cro orti.on osed I
channdle g0 FOHRerBA e e F A RBHRHEL Pidbe B3RRS & Shown in Fig
B With 6 ﬁ&ﬁfehf&ﬁ'e&’fand‘ﬁhﬁiraﬁl%qﬁé‘ Hangt ih h\ﬂﬁ’élgﬁl‘fﬁéleﬁtr}ﬁessure is applied
| ength of the |line of weakness thereby assuring f

dp &rei aegcae fadeeofdhapregiul gealotpture dn%c toredfedt Sl fou}gmgﬁ the rupture disc

P RS b e B S Pt it RIS o i g ARR G to st

PRNifiba %fo?é rnii¢h & t%ﬁ&ﬁt@t?orﬁﬁel‘éhﬁﬁnﬁgb% btﬁém%fof Hﬁ%entral section
sane thickness used for fabrication of Itiple Iot

off thti diec;assenbl i es over a wider range than her et ofore

th h | ot t t
Pover T 13 MALHERSE bt it tor0tieS Ry Lo aed G Giithich th intial

Qﬁdetnlﬂﬁloﬁ(?ﬁfﬁle%hirﬂ%e%&l M&Hl@& h&fbe%ﬁ‘ ?roﬂéds&utl?fuﬁﬂg iR buging of the

the done height of the final bulge is malntalne
clisedilank; permts variation of the reversal pressure of

i dor TP oisraPiak Rifey Of e SUERR 1 4 S HUh Eith i gk gt ironed out,
lﬂﬁaﬁy Blentatl s S iok %@M%ﬁgﬂ@%&&\ﬁy i% %lleﬁwga:sh@d ghes;

he done constant. This 1s especially significant
f or f dbg.i Catsi annetdﬁrgeéwmsseecﬂmnalrugprescplttatml off the portion of the bulged
asserrblfjﬁﬁs inte ded for . | | t| on

PR DI i, 20 MEighe Emlatrce H?@@Mtereépar@p structure of
iaﬂ IR néda s-ggﬁt %H@f fhk @U@é@ ﬁ!ti%%x o%ﬁ ik rgel%ta as been returned

ScC ematl C repres a | engt
rratits priginalipesitidm s pomgared math thé nreéal ef te mmlaming partibno€the bulged
di scs in accordance with the present invention;
section;

Fig. 14 is a schematic depiction of one method of coating the bulged rupture disc of
FIG 12, with a fast-drying lacquer material;

Fig. 15 is a schematic central cross-sectional view of the lacquer-coated bulged

rupture disc;
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Fig. 2 is a fragnentary plan view of the netal sheet
of Fig. 1 and showing in dashed |lines the outline of

W(Dzlplbm)'msui sc bl anks to be fornmed from the neteCT/Ebm®es/010989

mat er | th«gﬂerﬁa i e%lch% ?ﬂ‘ﬁ n?eﬁx!ﬂ@ﬁﬁtvlflﬁclfé f’a?er}@egl‘ﬂ 1gflsed to form

a disc [ %OF e eet materia

Fa thsedlihs 1nath6 tdvguert do@tmg defining e desired|linee mkmeEsatm ba formed in the
of apparatus for pre-hulging a rupture disc blank that

|h‘€18 pegtion ghthe surtiesligfost for forming an indentation

in oneF%u;la} ?scg Rh i8e P Kise glugtratﬁlg eFoll rok‘ég{%elé lrl]ige defining the

Cross-s |ona Vi ew taken substantia y on t

Sednfiglirdtiof .of 4 lme d>f kmwlkneagredenmavbe fdrneid in theeligh; r ect i on
of the_arrows; ﬁ 4s' s"heni ati c cross- sectl onal
r epr esBig 48 iiba vertice @ﬂﬁg@d Bagy Py ress-seliong! visay taken substantially

f
siéléh%%% lrdggli%gfrg%ﬁg' rup ulrg?eklg$ ﬁmi‘ﬁl anﬁttht)e(lﬁﬁdéé %ﬁ?‘%@c? ed
from thig N As kodyrtiRbl tchessBbaivhal Fiev of & Sschemeti aege@bntanon of

fragrrentary schemati c representation of the pre-bul ged
deleeirapalikige eiipreRtioamiag mdine-of- @@Plawsa"’ #Cesén the bulged scotion of the

i sc bl ank
prodg@é%&bebﬂ%%qﬂlgg I?Cg%l;é%g g éﬁ%]/ﬁs(g’h was fornmed
by t heFigebd Betplanvip@sif therdig 1n8vh1<ﬂl ah dievtiopohall recess has been formed
cross-sectional view taken on the line 8-8 of Fig

aindthe g@lg ph gectiomehiicalise wsing the ebptr@mlilsmg@ﬂumﬁ@nwmg,s19
Fig. 9.
of % neFig 28,17 & B dlert AR SRhGRAR b RPLERGTN B8 bunation of the

nﬂm@@atlngllhmfeleeﬁo%nﬁﬁéctlfeeess sommal ih €k podishdibsecftig e disc;
face of the ul ged rupture disc to effect final

bul gi nfiged2 tlshfeplm wiewr of the disc hayigg an gleptsonplisharkiesess sorresponding to
P{h%égseﬁ?%é 119?%'1?{@@1[ aﬁﬂé aatnd%t Otfhe :i]ahlg}l% 1%1%(/ 4:2S shown

ermve rati’ng the

manner Fign2vyl aﬁfen&uée‘dl fedgBitintapy eaﬁcm @rdsS-séftidhaledew eakbh 6n the line 23-
concave face of the pre-bul ged rupture disc to effect

f 2haf FiguPyiand ilbistratieg theprasssedional shape ef theclectrepelishedrecess in the

t .0US adent ed segnent region of the bul ged
E@??‘%ﬁec 18n0¥§1 [ n? tial position before formation of

t he i ngpNbatd Oplak hﬁ%fﬁr%de%tlﬂgﬁ}?hﬂé Qisﬂﬁa\ﬁflg i@ectropolished line-
central section of the disc lis a schematic

c phwealgses ieegsain the dige it aqch@lammnth onfl apelepdinent of theiay aftion wherein
e initi.al ;i ndent.ati entral section,of,t

ootaicoad rRAFEREHORe b g PR Pty Blpdy and extend
d bWy Bb@Ndte another;

Fig. 25 is a plan view of a reverse acting rupture disc having an electropolished line-
of-weakness recess in the disc in accordance with another embodiment of the invention
wherein the line-of-weakness recess has spaced, opposed inwardly-curved end extremities
directed toward one another;

Fig. 26 is a plan view of a reverse acting rupture disc having an electropolished line-
of-weakness recess in the disc in accordance with a further embodiment of the invention
wherein the radius of the line-of-weakness recess varies and has outwardly curved end
extremities and wherein the portion of the line-of-weakness recess opposite the hinge portion

of the bulged section of the disc has an outwardly directed generally V-shaped peak segment;
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Fig. 12 is a plan view of the bulged disc as shown in
Fig. 11, with the ironed out, initially indented

W@ ewaaete2of t he di sc being depicted by the ciredi/as2006/010989

dashel i Regumn ek Gy ' r Cl - i . L
repre gﬁé %’tjg}t%ig% R F%jf%?‘% éf ApIOSe?/@{Q% %ﬂion% E ﬁ e eb‘{d%;%a’ eC te?égz%]og?hshed line
tdfendaltpéds receds HEthardsonii ebordadenmith € dthericbsdimeait @ the invention

the altered grain structure of the initiall )i)éi ndent ed
selareintthe sedins obthe Hee-phwgakmeserecessrvasies epd has gutvasdly curved end

has been ret urned L4 . ¢ i L . . .
S TsHE0 T PHERRE Bl P oDk BRI B s inee portin
t drend bl geTkes86d bfaRe dist Bas abdnivarddy dehtedriehaalleWi-shiap@ipeak segment;
of one net hod of coating the bulged rupture disc of . )
FI G 1Xigwdl s aplanadew of yTaverse aetingdHpien €pq kavinganglectnopolished line-

_ : 02%\8 C?sce?gg%eig% irgﬁ*gt (Ié% in% c?g‘t%aﬁc%%}? E?’{n&k\{éree\fﬁb%fchrﬁé}ﬁ of the invention

g rupture di Ssc,

| whéYSmNhEImRL- b fCwekikidie Sitrb &3s s sf)ahféd,f%@ti%, pemewdlliyclic@lar end extremities;
| aser beamis used to forma lased |ine in the | acquer

coat i NGERS ispiphan vew e p ravarse pelingoupsadipekayinganydectropolished line-

formed in the bulged section of r r 8c. Fi . -
158 e P URGRs ReteiPRa M e titholsPuflahfeg e nvenion
awh@sRaht 1iRS ol YehitidlBrdcBR 129 BpdcHdl cphbsa iffvarly-ti®edénd extremities
weakness recess to be fornmed in the disc; Fig. 18 is a

vdiraciedabwend cnegaather, andehersinthe bukged sestion 9k e discdgprovided with an

t gken substanti al l. ong the line 18-18 of Fig. 17

a%ﬁ"%f%’_(?ﬁfa}‘?&q%o foﬁéde&%bggﬁnmqse%he arrows; Fig. 19 is

a ver tpigad() Qi vewlof 8 Rdlersé !a@ﬁhﬁﬁpﬁtr@@ib@mﬁ%an electropolished line-
resentati on of el ectropolishing equi pment for

re
f dbweakgess tobess b thenbiskiresoranessith p fuftbeitmbsiment of the invention

BB E o o B EoEr e SRR CRBOT BMBF realge viies at he
t 881 Qliesmidids WIHEHnaSF bAGkdsopol | shed recess has been
formed in the bul ged section of the disc using the

el ect rBigoB1 shimeplanged pemtinel wssriegtionndvieRi gongthe ling 3 -31 through a

f d sch ' - ' :
R RESLRRE T 67 HRRe D G RERBR T R o of R g
reces zlgngBmda \sgeB@vPAb DG deveRe ueRif sahft@ry GhystGre disc assembly in

Fi g. Is a plan view of the disc having an
ehw@otdappotvith llisl inventies corresponding to the |ased |ine

IFIn gf h ggigla?j ;g rag ?ﬂ?{ﬁ)ﬁolélgg V]ie?\/\g g’ﬁg}% (291‘@[?(5]8{1@ Icr:n:] enrlg E,IS he ?g\f.erse buckling

 Chip%de IRELiQAMIy,vi ew taken on the line 23- 23 of Fig.

22 and illustrating the cross-sectional shape of the
el ect r BigoB4 steepbrspectwesview of ke alternate form of a support ring forming a part of

the rupture disc assembly shown in Fig. 32; and

Fig. 35 is a graphical representation demonstrating that the reversal pressure of discs
that have an electropolished line-of-weakness recess defining the opening area of the disc is
essentially the same as the reversal pressure of a disc that does not have a line of weakness,

which is not true with reverse acting rupture discs having a scored line of weakness.

DETAILED DESCRIPTION OF THE INVENTION
A reverse buckling sanitary rupture disc assembly 10 embodying preferred concepts

of this invention is illustrated in Fig. 32 of the drawings. Disc assembly 10 includes a rupture

13



bul ged section of the disc; Fig. 24 is a plan view of
a reverse acting rupture disc having an
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" ePeéof pepdat b 30} hasoplare.

awfié%%" %&‘tﬂﬂﬂ | TR0t L TG fu?ei\:c%% hQBmbly 10 is particularly

wher el n the posed end extremties o
| iadapted fovaskriadygienie Sanitary appl[ca’adnsomt indugitiys el as pharmaceuticals,

e tend a om one anot her . 25 is a plan view
obiophemial é@ foed; DERFCFIRS Qneéatmc%ﬁwrlﬁ@ly@lme components of rupture disc

‘ ela?s%h{ ‘i’}p% Lu%t})‘?ﬁfe{a'b biicat %smﬁ??s?%?ﬁ{e 'ﬁaettglqn?réﬁacl shéh as any one

accor ance Wit ment o Inventon
Whé ree nambére of Icnmmhomﬂadmm&nrreﬁﬁsﬁt hatils patess stainless steel alloys,
-curyved en extren1t|es di rect

I ed
Og—%g?aﬁgb-:qgvl\%g@ q:one];,a d La)l‘lﬂp gisc\li2dgs @fceatral bulged section 16,
Fane 5? Snffiky fhob BEHE &1 & ‘Era"lﬁﬁ{)jﬁ] ;gor?enZda oRE hO Rk B&? ery of flange
i neo weakness “recess in accordanc
a pbrticnhier to elbouterErvulad imdrgia of bukgsd semmher ein the
radi us of the |ine-of-weakness recess vari es and

out war ding belged sestien 46 elaupiis disel? hasa relpiéyedy ﬁnﬂlh@gm?lsﬂ (Figs.32 and
ﬁﬁ? {gﬂfég?{ ?fg%?grk)fnr{ﬁ% & nt%ﬁé@@%ée?%gﬁfonﬁh%p %21'5 t%llz)%re%on 22 has an

Olattmd c@re}dndaltnuemmi‘ﬁincg eﬂﬁblﬁ highdf sheRedrepgikiha® @iefhiainder of bulged
:rlaWew of a reverse acting rupture disc

h eiWWQ lénwéll has beasformedisrinfenimgrthe ouyrnentice 6% 9ad then returning the
t hﬁdeﬂ%\%/igﬁ ttg 1@%&%&9@8&&9 g(g E}gg t%eg&% h %iﬁtelr'}gce 16%F ott blﬁged section 16 is

|Ismeofhfwi\ﬂﬁﬁkaﬁﬁslgﬁﬁ'ﬁ@@tintéﬁﬁpt@@lsand has outwardly
curved end extrem ties and wherein the E@g’etl on of the

| i ne- oBulgedkysstian lécelsBrdppclisa &2 tin @ravidege withra isomi-eifcular line-of-
| ahgrechest a0 sCh RS HEASH0% Arat PG Hoogr of apd genray

plcamplenﬁ:\ﬂtal)f\mﬂh tERICBZ0AE DO,NG i§ WRkdted i Big. HAVItR8h BOseen from Fig.
el ectropol i shed | i neof - weakness recess in the disc in

add dhatdinewivivaakness reneshd hasromaiingleands 86 and @8ithateme smed from each
K
e SEA I8 Dl PSR SR B AUARERRES egisespown i 2

i $heateﬁl|uﬁﬁll éhide B6 @hd a8 bENRI-SPwasKknlesiebdiP DU bR GirRe dWéIﬂEI away from
an el ectropolished Iineof- weakness recess in the disc

i ene arsheragndeargiof Bensrdllyr¢1sbaped sho@guratinn. of t he

| f .
LBZ?QE 88 pAO8RG Tk LB & PRGT HinFR S 30 B Ead ¥ undertie the fange
dipbeihad dfewymie di’ib‘i‘lza'lﬂis hebe scRAdroM nge BB tHa theliHh@QEmi-circular edge

section of the disc is provided with
EtY Qf@ﬂpumfm“attla&im spasep psejsctiods g4 that extend

NERTTEOR e AN o
t RerydhigSom M RCCOEAHM M W 1B, 8, fonmidier AAMRGATPRkieBding tongue 36 is

the i nvention
integral with body 30, has an outermost downturned end portion 38, and also projects into

the inner opening of ring body 30. An alternate embodiment 94 of ring 14 is shown in Fig.
34 and has an annular body 96 provided with an unitary inwardly-directed segment 97
provided with an outermost linear edge 98.

In its assembled condition, the annular body of support ring 30 is secured to the flange
.18 of disc 12 by fasteners 40 which may comprise screws, tack welds, adhesive or other

equivalent fastening means. The tongue 36 of backup ring 14 is preferably positioned
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wherein the |ine-of-weakness recess has spaced,
opposed, generally circular cavities at the end

we@ziocaaiced es of the |line of weakness; Fig. 3 1PCHUS2006/010989

e BLRFeR A AR 26 dADR oF ﬁﬁ&jo?-%glﬂéfsﬂ’gc@s(i:agmh g?ts big Backup for the

31-31 through a cavity at one en
vvdaiiiga exca 42 af Hu]lged)kdctlgn 16 of fuptute disc 12 defiredl byNme aifivmakiness recess 24.
erspective_view of a reverse buckling

s Qﬁﬁ PLoy %PI’“%H%%‘E?@ ofjp size gad¥raAstgically logatadte érx@@ wqdﬁrllerﬁné support the
f
CBUBEAkiton T2 20 30k <ALl o e grovided s

apsm: ofthy anrkilg.body 30 sf mpives dipeasténdly\ 0 €y aedistiy an individual in properly
alterpnate formaqf a support rlngiforn1n a part of the
A

r BB?IEH“@ Sesealy dyripe dngtelintion. Rigilady, thg gingr94y magsplsesa Z-shaped
?&i&}n@% tha PRl S S G %ﬁ&log%m%gﬁ%gh&ﬁ 4k Bf‘}mé £ Anannular gasket
reve sa

pressure or I SCS

e (et sShavpo) mahiedprovided irf asseeiitiveswith dralsmge ebitidhn@d stishort ring of the
ening area of the disc is essentially the same as
tﬁ@cla%g\?@g’al pressure of a disc that does not have a

| i I .Se . .
et g PEBHAAS e Moo SR s
DAl dubdp deEGERM PhbOiNa@be TifolleiNESNT b mgé\rdlEMﬁmé @elected metal. A disc
buck]ing sanitary rupture disc assenbly 10 errboeéi
g’@PJérlé EcStaBpRde fiser G qrﬁW.Cﬁt/@ﬁmut%Shegt 13. | Rreferably dhe disc blank 15

Zpﬁ%tﬁ%éﬁ%ﬂﬁnﬁ%ﬁ??ﬁgﬁgﬁﬁ ure3%§ﬁ§$E 0 qu%mbﬁﬁﬁﬁ?ézlsp“ﬁaabw

dhsonpdiskstihywa Gtaigss. pretﬂr@tLHt@i’ehﬂvowk%ﬁir@-ﬁulfgﬁ{g of%Re thc in 2 mannet to
gi eni sanitary applications in industries suc

pﬁﬁﬂ?@d%@ﬁlﬁ%@%ﬂ thicorvrariefage edadise bb@kdﬁo&@@cﬁ@d stage ivolves final

gﬁxgsoggﬁ%flib‘g ﬁgﬁeq"c%géiﬁﬁb?g ?ucB%@a'{?lg ned %Iéil 2%1 1{’51f Re ontvex surface of the

are prerera

cbulgedsse@ﬁoﬂi 6fths Hi301s rembadd BBt REhiA theYkdenas s@éﬁierﬁ@@glé’ﬁ of the bulged
a nunber. of conventional corrosion-resistant netal

stReHon o de itial Pesitieeel al | oys, Fbstalloy C anel,

| nconel i upt.u ISC 12 al .. .

bul gedAsf(le { 48 t‘é}éfongﬁﬁ %n érﬂ%aﬂ ofp Feélﬁ%gngxgﬁ 'i’)flr:ﬁg”f%tlo%n the metal

t nepoge tiso BlaZ]Q nﬁscl?x@rnhmdm& 1ﬂ155ﬂateﬂﬁ§ Figh8! HtRORIBE &Hetfs{o%ﬁgﬁthls respect
portion 18 to the outer circular margin of bul ged

s@@% the ﬁclleenatrphi@pmpg @ﬁ figtee #ois foBillustratiystpreosds suly 2ad not intended

\Aﬁfbeq’eérg!:cn; ‘wglf)}l?? lﬁretyg ?(ﬁ]fp%‘n g%rag %Wtbgetae 1r?tended result. The

S Rer Bisekfng 4B eF ﬂl@ﬁr@'%o@vhfcﬁ% 28 proferRRISoAR 1§’$ﬂ<f‘yllﬁ&’r1cal configuration,
grain structure and exhibits hlgher tensile stren

, t hasrs cepfealopping d@r T]@ﬁ cyﬂmﬂlg@d clompingoingla, Ofﬁﬂdﬂh%hds@@nntral passage

" e% gle%w tﬂ %gcrl]th'asn et sha?necs %\ﬁg And lé{oss seectl%ggl area gs to{o]enr%ng 50. Cover
member 56 closes the opened upper end of passage 54 of clamping ring 52. An opening 58
through the side wall of clamping ring 52 serves to allow gas such as air to escape from the
interior of clamping ring 52. Although not illustrated, it is to be understood that the base ring
48 and/or the clamping ring 52 have a groove(s) for complementally receiving the tang 17
of a respective disc blank 15, so that the blanks 15 are all repetitively located in the fixture
46 in the same position.

An elongated deflection post 60 is positioned within passage 54 and preferably is

coupled to a support element 62 laying against the under face of cover 56. After placement
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indentation to its initial position so that the convex
surface 16a of bul ged section 16 is snooth w thout any

W(sh@mlo'jwant interruptions. Bulged section 16 BET/US2006/010989

| I%)'fﬁ%l@%lfdi c@%@%ﬁﬁ' ?12%1,@) }/tlé)ggedrhrgéféﬂgh%l S%Tﬁ éé: %} ée Lin place by ring 52 and
SB&del 1y 49 pofitibhel 8§ SHownROAbEn®frelatichsBipMRr gHskage 54. Although in a

complemental with transition zone 20, as is
i prefiestadzanelpdiment the optermost exirpmiE of pest GOrlérhemlsyhentzal as shown, the
o et P iR BN FER w0 STl R e r & other desired

| etveriduratfont MRS deslt 80 iz 6ne leHath buthithe: wehadiing hd B4 &S against the
di sc shown in the term nal ends 26 and 28 of

|rswéacef66wéél@ﬁ rlécess 24 are curved outwardly away

f d of . ge

Cont'| o RS Bherate s s IRAG Red tuS FRRRPESwig captral opening 50
b eslyffe2 O pfetiifl gitls b thelddsc MR 15, Whidhe;aﬁéeameseg Rlehi @ oik%s of disc 15 to
of rupture disc 12. It is to be seen fromFig. 33 that

t h@d¢ ted fs@nﬁhe eraie bodyrof emghuls@l seftiemifiping d@wuyand@hrecuon as shown

e B R o050 BB e v

“sﬁtﬂh %@eﬂf@ﬂorh?sV@ f@tﬁﬁtloﬁmé cﬁim&élobf-‘%étcmﬁ B¢ shapRr ahidN@dius of the
fromO to 11 as shown in Fig. 33, or nore. An inwardly

ekemmsgheripal @ntﬁf’eomst &0 amittbgpﬁlssmw applisd dwtl@surwoanf dlsc blank 15.

o B A SIS 336200 8120 PO o
e gt henPldplRirich] ﬁlﬂt1érff68asarﬁ1@ﬁﬁﬁerbd‘ séih&whatoR#8! Sdfce 68b leading

an annular body 96 provi ded an unitary
i m/mddmymumn@on@@ rwgﬂvedy p@vionﬂ@woﬂwgw settianl 6. Viewing Fig. 7, it can

Oﬁt%g‘%ﬁﬁ t lé%gl A ed glgﬁspp%arﬁéﬂa epfg §ed G gedél%lt 'is surrounded

by @%nétﬁll?&r&ilﬁlcorl@vap%efp@é 5RRAT PN ESH ra{@}hng outwardly from the

conprise screws, tack wel'ds, adhesive or other
equiemaﬂ ecgménis@gm 68p. nidanisg ap'plheaﬂanngﬁpeeSSﬁredb dizadlani 15 to pre-bulge

P e Rivcu iR B el B pessse & wbaqpr pmay escape from

£ enfg@ar énifle 59%n Byl 4 on 16 of rupture disc
1? ge |ne\é|1 gg i %e of - vvegg%ergggcgr ecess 24. The

pr oj eclUponsoBgletioe ofithe presbugingtpsthe admg b@ard assdadated deflection post

t g, di tl derlie and ort the b ed _section
: 80 S S B ampnd B S Pirssart il m@ﬁemavaﬁace 16¢ of disc

MBYnkA SRUENEAR D é‘@m efé"ﬁﬁal Bhigh e RO BB fReY pture disc 12 is

rupture disc assenb for "assi'sting-an |ndnw 8ua
| ldegucﬁa@m Fig. Br |Tthmammgn1t dsfqaressmrdppyedjdunnyﬁnal bulging of rupture disc 12

%ﬁ adegh st ool Dmletpibuled i TR Dyl seeon 16, butalso
T e R DAL Bl s 0
p dhts, tre candexsunpface ¢f 16apfbudged deetion 16 is smooth and umnterrupted throughout

its entire area including segment region 68 defining region 22. Indentation of segment region
68 followed by return of such indentation to its initial position causes the metal of region 22
to have an altered grain structure, as schematically shown in Fig. 13.

It has been found that by forming an indentation 68 in the disc blank 15 during pre-
bulging of'the disc, in which deformation of the metal occurs plastically in one direction, and

then plastic deformation of the metal occurs in the opposite direction during final bulging of
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di sc assenbly. The rupture disc 12 is fabricated from
a sheet 13 of corrosion-resistant material as

w@e@vilaeed y descri bed, that may be unrol | ed frper/as2006/010989
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Lar:Ge i it e el ) e . i s I 3 i
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%E g%?edeféyﬁgl\éasan? opesBidtRh :ii‘rges%eti?ﬁﬁﬂt&? irl fRe ArdABHRRE THiinitiation of
or enta e r f ad

an 1 n ron int convex surrace o I SC

 hbwidel 3bthe Thateptcponitict aytheiansobdtes dtiribatabbeutogihe glooble prestressed

the disc under conditions such fhat the_indentation i
renadision pEthe sraarosbeansinof pxa syl elecometty of ﬂt?fqi’“? sgftifn 18. Because

i . ) . _
AR B Bk O 8 BI  R  etcin
4 thararépimbmgdasetiondamt thich alefledtiqur efititae vetynmche area in an opposite

configuration in the netal rupture dis¢ blank is

SHireetien itearasylting (changea ik the gram; gjructre of thegmelgl paiises the atea 68a to
i i 3 t i .

QIFAFRERSHA, b G 3R Pl IBEOEIBE LS g scion 16. The

Qhbi réliubldRierdsaltaad delt openiipsofithpbelgadicaation &6 along the line-of-weakness

particul ar type of fixture for acconplishing the

itpeashaéés otiained by thestrewing offgmetal pytweadisretipps in fheargg 63a.

whi ch 4.n | . [ i f L. i . . .

o o BB PR T91F Sk B s le s 12 usig e

Cidteialé Wwaththecprafepiintg Jiundedying@bcord biia I4ardiGuppartiag the bulged section

central passage 54 aligned with and has the_sane s

: . , J hape
akfd Kangue 36 isctubgiaaiallyalignedswih i hipgesyea Ehoilghigghon 16, and the
56 ¢ h ed upper end of passage 54 of
c‘?’éﬁ‘wﬁﬁgﬁ‘ﬂhﬁgd’%%m openi ng 58 through the side wall
of cl anmg gturd BB c agsefdly G istadagted avbgmsusied bewaeaiflangel couplings

escape fromthe interior of clanping ring 52. Al though
redithg type hustreied in Figures 6tUte DaREON (6501 16311k His opRYG surface 162

ri 48 and the ¢ ' | .

e AR5 FUTRL PG R RS S RSt A 4
r &5 BRE BOVRowidss tHel iapkiidbof ®e diddadssédisly Mloawkh idformation as to proper
all repetitively located in the fixture 46 in the sa

me
- pargintdtion of the assearhlubatweendthe Sangesauplings deing gstallation to insure that the

Pt d wit hj 4 j
PG s P 0 A .
Ofrn AV RIalt cobtihBing MisvaEmEREfor that an Histdled disoThh isl frbeud orientation.

support base ring 48, the disc 15 is clanped in place
by ri nlptBoeventansyeeresshrg canditior pecusyin thepsocgpoassdl pr piping protected

: ' | ati onshi . 54 - .
Ch R bRPs S A ARALLD AP RSRERTels ofd BRNAD btz secton 16,
' gguug@d $2816:5 PH8PdnS @lond SheSlRVeT, widkedseedts 124 whnelbeihg ftsihed by hinge

may be square, cross-sectionally star-shaped, or
apyrtion A2r Tlkersivereelrupture commences at segment 63 defining region 22 because of the

* more highly stressed, altered grain structure of the segment region 68. Because of the

existence of the higher stressed region 22 in bulged section 16, the overpressure exerted on
the convex face 16a of bulged section 16 is believed to initiate reversal of bulged section 16
and ultimately to effect opening of bulged section 16 along the length of line-of-weakness

recess 24.
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configuration. The post 60 is of a length such that
the term nal end 64 rests against the surface 66 of

waele®e/1ieank 15. Air under a pre-bul gi ng pressuP€r/is2006/010989
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Fi 4
firghiap! dSPOAS RS0 WAL b, G8ALKRLgORIEDAbIKstiless st and

Shils la@WveRdl diymategefnabalt2ys iichesu| Bre-tuiging af thﬁlxhsmiﬂ as schematically
i ndented portion 68b radiatjng outwar r
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rupture disc 12 is depicted in Fig The anount  of
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position as shown in Fig. 10. Thus, the convex surface
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unlnte ed throu I ' . )
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the netal occurs plastically in one direction, and
indentation in the bulged section of the disc, followed by i ironing out of that indentation

during final bulging of the disc, it has been found that the rupture disc will reverse at a lower
pressure. Accordingly, the range of pressures at which a disc will reverse is broader than a
disc having a one direction indentation not subsequently ironed out because of the
bidirectional two stage work hardening of the metal as compared with single direction
deflection of the material. The effect of dual, opposite direction work hardening of the metal

in a single location has been found to provide a significantly wider range of predetermined
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then plastic deformation of the netal occurs in the
opposite direction during final bulging ofreturning

Wao b@siretead to its original position with the oPEDES2906/010989
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installation to insure that the convex surface 16a of
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occurs in _the process vessel or 8 protected b
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r epcaYesHiface o,ﬁéheehwgsd seytiondef de nuytug@ d2enlthaqugh the most efficient

e N S o e —

wWhirdsseld@dng ret ai ned by hinge portl on 42. The reverse

rupture commences at segnent 68 defining region 22 )
becausAfter rempwahef the Hisghi2yfrem thesloeqer ivht%e)f(@d f@kavad by drying of the

Sedast HLE tﬁé céat%ed 3fsd rlrse]gr)]ct)smo%%d in aqaser I?Sg %' Tase oaf llne f the lacquer that
represents and duplicates the line-of-weakness recess to be formed in the concave surface of
the bulged section of the disc 12. A suitable laser has been found to be the Model Speedy
II laser of the Trotec division of Trodat Corporation headquartered in Wells, Austria. The
Speedy Il is a 65 watt CO, pulsed laser. The laser is programmed to direct the laser beam
107 onto the lacquer coating 100 on the concave face 16¢ of the bulged section 16 of the
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exi stence of the higher stressed region 22 in bul ged
section 16, the overpressure exerted on the convex

W(f) awe/14829 of bul ged section 16 is believed to PCI/USADE010989
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ah¥alp 10 assursrthpidge tiser basgedistiisraaduremeyesdbo Lacqm@ontacted by the
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t the hasstiisj opetatddoprbpéaty, ldcqadriRditriatwill be@BMEVEARL b Bie ®bam while leaving
about 600 F for 10 mnutes to further relieve any

r 2 ¥¢1yhin weidgumeof the, lqca@erdn @@erlym pesviecsingyelatiorshyp ® the uppermost
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greanived bs thiekserttb agsurd ﬁhat ﬁié&hé’th%eﬁ‘hbﬁbxﬂfzetd?ﬁ i0ubORehoved by the
sectlon 16 has a nomi nal area of about 0.4 square

i 13698, Thagoalay temlesing gperatiosisitn at h@stew@@hm andydistiugy and/or remove the

SSRGS I o o e
ofindetloue netglsiigle alvbldhﬁgsalﬂéﬁﬁ@tﬂéWﬂé@ﬁ?b?ﬂﬂel‘uﬁhﬁe‘iﬁé&%&ﬂ Anenlarged
that by varying the ﬁressure applred to the disc blank

1950§srsectienal Fisznletn@ ofghe lesagklingd 6 é@reaeldun thedarquér leyer 160 o the rupture
qg@g %kﬁ g%%ﬁé?e reversal pressure of the
|sc

|na e the area 68 of bul ged section
16 hasAh %ﬁﬁnpﬁ@eﬁbﬁﬂdlk@1SQH@stﬂt|tdd€iﬁtF1Q N 786¥Ghé H%l&%@\ﬂﬁ&ein it can be
iC

out in the opposite direction, the pressure at
t $¢8n dhat the lasecf) line 106 is of substantially C-shaped configuration and has outwardly
directed curvilinear end extremities 26 and 28 that are spaced from one another a distance
equal to the preselected hinge width of the bulged section 16 of the disc.
The concave face of the lased disc as shown in Fig. 22 is then subjected to an
electropolishing operation to erode a lustrous, mirror-like line-of-weakness recess in the

bulged portion of the metallic member adjacent the transition zone between the bulged

section 16 and flange 18, and that conforms to the configuration of the lased line 106. The
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reverses can simlarly be varied. By increasing the
pre-bul ging pressure to deepen the initial indentation

w0 poobherekul ged section of the disc, foll owed bRCT/DS2V061¢L0989
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divktreuse rlirrde ke sur@ice) mhe Iewctrbﬁml ingtdp@%ohlfoﬁﬁhea Bitle@2H W-shaped
section of the disc blank final bul ging

ofecesd 1 Ginghe mgtahmn veielthe sergaces bi ofthe nems fefénerspagadopposed channel

t e [ di.sc
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function of the t){pe of material used to manufacture

1

twaximys derthqifdhe lineref-misrkneas tesesst 1 kthba atnheessriOh & 2§96 of the cross
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070% ar 1R ef e kidde s@tiond akiRESss b 8&(: ' e[hd%)réﬁi'ﬁ%[}ﬁl‘é‘ at least about 70%
acting disc, it is preferable that the |ine of

vie aknelshe Becksiess efithel dispmakrsiab uingauefsed ewhodimenb@ach of the channel

dj bott o cess
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Of t heAflbséled fopdREME 6f the 8isB @ forMaih ditidgolidhell %b%bsoﬂ6 the lacquer
if the line of weakness is located in the flange of

tiheregoyed ovithh asadvaet. tAepﬂgtﬁr@édlagB?@t |r@noviﬁhp190¢ss is to immerse the
Lven t he
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bRl e R e B Sy o b ol G B N-metty2-
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equipment, and then dried in the dryer component of the equipment.
An especially important advantage of the utilization of a laser to form a defined line
in the lacquer coating on the disc corresponding to the desired line-of-weakness recess in the
disc surface is the ability to program the laser to follow a path of any predetermined, varying

configuration. For example, in the preferred exemplary disc of Figs. 17, 20, 22, and 24, the
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- extremities 26d and 28d at opposite ends of the line-of-weakness recess 24d serve to direct

and diffuse the tearing forces imposed on the line-of-weakness recess 24d. The circular end
extremities 26d and 28d direct and diffuse the bending forces at opposed ends of the line of
weakness, thus contributing to tear resistance of the hinge portion 42 of the central portion

of the bulged section 16 of disc 12. This diffusion of tearing forces at end extremities 26d
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he disc 12 serving as an anode 114 are connect
viscildldbes npovieangs ovafteet the peesaige tiquiredloefiectrevarsal hﬁthe central portion

6O Pt o iR ot Py LB brpriane iy ot bigasons.
mst al Ad amcbRa 1%95‘1‘%@‘5@&1&@?@% &1&90@5|1ﬁﬁﬁ:u§a§%ét@fﬂ%}0§hlckness, and

the rupture disc along a Iine defined by t I ase
dizpzetof havingl acquiesl otdn bylged to Repdilstermindddieight will reverse at a

%éﬁ%f‘/{??g’%lélsﬁgt ; tﬁﬁﬂiqe]tvgr%@ é‘é}'ﬁalg og Ieldllstcydoteg ngtt (gpae%ﬁnﬁess it is provided

with a line of weakness defining the area of the disc which opens. However, where the disc

is scored, either in the bulged section or in the flange area, the disc reverses and opens at a
different pressure than an unscored disc because of work hardening of the scored area by the
score die, and creation of stress forces in the disc adjacent the score line while the hinge area
is not similarly stressed. As a consequence of disc scoring, the pressure required to effect

reversal of the bulged section of the disc as compared with an unscored disc is unpredictable
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lustrous, mrror-like surface. The el ectropolishing
operation forns a generally Wshaped recess 116 in the

woredoat10iee9 whi ch t he surfaces 118 of the recessPciBiBI066/010989

S BAGE S PRRAS Bk 1@} Eh'ﬁl)n%;m%h' s ﬁ%%f%fé@_lo% év%rl% ﬁ&ﬁé@h& gy the die, the

by a central raised cro portion channe

pderith ofthe e e thb22nditien of thgdieat eresdlepf donklaatust [ ariable die scoring
Cr own po&,t_i on, , I{l is preferred that the maxi pum_ )
PR copdipips inplydingrtheuarerives exeried @8 dherdig dyeng scaringstilting of the die

7Q9 0/ i i of. i .
" S5, SDagSERRRSEEL BB I BB e n e
| st lusdyaifthe sR86t ni8fiab throlghoatr itmt?le @hd dﬁgﬁari&@%gﬁeﬁals necessary
of. the disc,. and preferably_ is at | east about 0 0 .

o%or %{%@Wb&ﬁfﬁ% ¢ n%eﬁbpaaﬁlééarﬁaﬁféﬁf?daqqndnwnam& @istame gequirements.
enbodi nent, each of the Charﬁ’z?alm;gggt ions 120 and 122

of recess 116 are approxi mately % of the overall

wi dt h bf tht geapheabspreséithiton el Fgt350 el resiis @ pksird ests conducted on

disc to form an el ectropolished recess 116, the )

| ighiusio-ineh fismsies gtakpless sicel discreaarh 0A03 imftbick aee plater en the basis of
r [ i ' | S .
SRl A0SR B0 MDA, AUFCLARILRIE T, PEK o o
Nefreehdikes?hadoyin retdcirdpoiéshed ecepy imhile pthe otipgriogt aizks @fd not have an
"Mcrostrip C' avajlable fromthe Tol ber division of

' Pledranglipeddecess and therefone thesurfage Wasismpodt Thealiscs svpueall made using

f t I Lsh rupture disc
T T R .
ofretsuee e €etX apilofshd fgpk dUFiRB3Ntire eRiessed @f aPet@ftab® of the 200 psi

the dryer conponent of the equipnent. An especially
i rbtlé?tpr%ﬁﬂ\}r&nt age of the utilization of a laser to

form a i i i er ati. n the, di sc

corr esgg(% ipg‘gs gtgﬁsehg‘gé&?%%ﬁﬁﬂ%esg lg%%fé\%evgﬂ%gg an Fgffg%%ﬁmhed Tecess,
| whemrediudgedsat pkas@res fanghig fodth 1 0%ato 399 k@AM WiltEn a range of 10 psi
| aser to follow a path of any predeterm ned, varying

c®n?Q gois depeanling-gpore fhenprecbulgenprepairgr dinsxpedtedxethsl mmples having

dj f1:5l.gs , 2 nd 24 . .
tﬂgéé[fo o8 regpraﬁsgirF ée ?ed"%ﬂéi @grgt gtnésgenélép?' rﬂleh gHPRETTPIES 23 the discs
ofvithea kin elesiraiblished 1otds¥ian ok iksinde depch @it ahbifthk Bk teBM pre-bulging.
extremties 26 and 28 on opposite sides of the hinge

por t i ofys 2Vident frema theggaphovarmition pfitha percentof prei-ndge pressure and extent

e 8.as shgwn in Fi.g. 24, upon

F 8 A Bl e Bl s e o e RO frragtnt a range of
oburkthevdrilt pre@uebs Sn 1bé, oithiged 8y GaBpIRRLYIRE he &Ilagnth%en@f pre-bulge
of weakness resulting in tearing o}fj one ofr bth of the

cPiassEs asgommagikwitly naltwlgexmesstret he recess 116, causes

t hose rc 0 be direct outwardly at the curved

extr err)lzr 1%1 perssseﬁ‘ Rhe® ?M‘%ﬁg‘%ﬂmﬁfgv‘% u§5“83mrfsﬁéscs usinga laser to lase
U@l 1i86 oS Wity G 18dquer cktind of IR deSaitefoliBwed By formation of
provi ding additional resistance to tearing of the
hathglectpenolished line of wendmesis siscashabiasclmgh dfoundéo wiveome many of the

{ ez&bfﬂr% glarfeéoggﬁe ﬂrfﬁ)%%l Osgpﬁ%ptggr? ig&% {oac*!tclg Pfine b \rzvteék%réssoifn corrosion-
resistant materials such as stainless steel and the like. Not only is an inordinate amount of
time necessary to obtain a recess of required depth in corrosion-resistant materials, but in
addition, the resulting etched surface is rough and therefore more susceptible to corrosion
failure at the very point where the rupture disc is at its weakest. Furthermore, it is difficult

to control the fabrication process in a production environment, particularly where the etchant
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Alternate Iine of weakness configurations are

illustrated in Figs. 25-28 and 30. In the enbodi nent
w@boosapteey e di sc 12a shown in Fig. 25, the endPCT/US2006/010989

exdneon iticese @R aingrendiGonddre bR tdnk) Snddi: KRG idi

24a are in-turneg toward one anotZer r§§ﬁgr fﬁgﬁ&@%ﬁﬁghﬁxnamdm

oBgenf mustler usedifer qanle patiguldt metal undergoing tiz4tchliepredess.

ext rempt | nd 28a are l.ocated in essentially the, i
same g‘glé‘:ﬂ ?f‘eg%rgeadatg)r%ﬁ 8§ @5?':11?\'66[?..1{)? agsc%ecgﬁ}apvg @re 10,bg pged as illustration
Fogly, 2fid ehhiddinse e @kd bR Kngifd &ﬁs@@ir&%@ﬁet &hd scope of the present

extremties 26b and 28b of theline-of- ness recess
ouwention. Hhvioysunodifieations tosthel exangleny, emidoidineeritd) setrfagdh vsove, could be

of. ki s..24b .i.s varjable..]f desired,. the .
(healihf oS B3 o6 smifled B R BrCuithone Bting asm theospiri of the presen
pin@emttba, an outwardly turned peak segnent 3Cb directly
opposite the hinge portion 42 of the disc 12. The peak
segnment 30b of the |ine-of-weakness recess 24b
.facilitates opening of the central portion of bul ged
sectionl 6 upon reversal of the disc 12. Separation of
the central portion fromthe flange 18 of the disc
commences at the peak segnent 30b because of
concentration of bending forces at the apex of the
peak segnment 30b. The radius of the line-of- weakness
recess 24c of the enbodi ment of disc 12c illustrated
in Fig. 27 varies, but in this instance the peak
segnent 30c opposite the hinge portion 42 of the disc
12 is turned inwardly toward the center of the bul ged
section 16. In the enbodi ment of disc 12d shown in
Fig. 28, the end extremties 26d and 28d of

| i ne- of -weakness recess 24d are in the formof circles
spaced from one anot her and positioned on opposite
sides of the hinge portion 42 of the disc 12. The
provision of the circular end extremties 26d and 28d
at opposite ends of the |ine-of-weakness recess 24d
serve to direct and diffuse the tearing forces inposed
on the |ine-of-weakness recess 24d. The circul ar end
extremties 26d and 28d direct and diffuse the bending
forces at opposed ends of the line of weakness, thus
contributing to tear resistance of the hinge portion
42 of the central portion of the bulged section 16 of
disc 12. This diffusion of tearing forces at end
extremties 26d" d "2'8d"6f liri'e-dPWel kEl hess recess
24d i npedes fragnentation of the central portion of

t he bul ged section 16 during opening thereof. In Fig.
29, the disc 12e is of the sanme construction as disc
12 as shown in Fig. 24, but .in this instance, a

di stinctive image such as a manufacturer's or
custoner's logo 130 can be fornmed in the surface of
the disc by electropolishing at the sanme tine the
recess 116 is
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S rupture

formed in the el ectropolishing equipnment. In lieu of a
| ogo or the like, the electropolished inage fornmed in

wa b@ohordeged section 16 of the disc 12 may be apPCmiUsee6/010989

i dent iyt agclaingdets: or nodel designation. In the

alternative enbodi nent of Fig. 30, the disc 12f has

ci rcullar cdvprepie edief deydcex@mpisinghe opposit e

extrem.ti 1 he. li:ne-.0f - S 24f in the
bl ngh il B HRAAP IR ESS

cr 0ss-oge6f sad flceslefthe iricaibet Beilrg frovaled witlead dléhgateduade of weakness
cavities 26f and 28f have a central raised area 30f.

The cavi ti dsfipgtbwmmtpcosfin spidenefcge to direct and

oS8BT R0 RhEES LIRSy b D58l e oot

resi st ancewérgrbgufaﬂagef@@r@ﬂman&a{begf the central
portion of the bul ged section 16f of disc 12f to tear

t hat weidl linerefswieaknpss reeesgrhsingadefingd dty smaeedepiasgd channel portions

e uct 2 Abranos Y BB Re SR hoRfSisR bRt Pordons being of

weakness r epsagseiepiithansadd t0wa folgord abri cator of the
disc 12 to provide any one of an infinite variety of

el ect Popol i‘spregsuraistieldenicgap entforiinintciaim| lawhgyein saidding od-weakness

on. the dis 2 Leh i.s then transferred to the
§€CF§SQI%:a§ agﬁf%cﬁgp%lﬁ\@sgal&ﬁcﬁ‘g el ectropol i shing of the
l'ine-gaf - weakiemse felEREVice b Set Bsr@PiRickAd 3 wherein said line-of-weakness
representations in Fleg._ 35 depict test results that
o)

deagemis subtantiaHe Washap progs sectien.e| ect r opol i shed

l'i ne-qf - akness rec 116 in the .bulged,secti.on 16 .

of tha di s PISUBBLSeE AT R A R piterown is of
oeftthlevefe®lifgpe. r eversal of the central portion of

the bul ged section 16 of the disc 12. This is

i npor Pant fopressuneirabief deficerasasiolosth imnlaim d cvreseintiesmaxsierum depth

BE st ke finihat e IR ARG 1% v Pl i rqss ctional thickess

Beteafetheera predeterm ned height will reverse at a
particular pressure, but the reversed portion of the
di sc @oes doprespenrelinf device #s sesfopghan clded 1wheneia the meximum depth

o TS T L 5P e R s
ReligademBeGtion or in the flange area, the disc

reverses and opens at a different pressure than an
unscor/ed difsprebarardiel dévivmsksetiarttémclagn dfwhdreinsbomeximum depth

area . by the score die, and creation tress forces. .,
SRR DRt Sesnes T Do P AR Do St astseripal thickness of
WERehbeNOt sinmlarly stressed. As a consequence of

di sc scoring, the pressure required to effect reversal
of t hé. bul depressmed tebef dsfvict hesetifosih imelamnPpheweth said surface of the line-

unscored disc.is unpredjctableB.s ct r ri | ding anong
SEREReSs Fr5ESS iR 8 PASYAH I RBPISRA Pt g by the di o
the o A pressure relief device as set forth in claim 1 wherein the width of the line-

of-weakness recess is from about 0.002 in. to about 0.1 in.

10. A pressure relief device as set forth in claim 1 wherein the width of the line-
of-weakness recess is from about 0.010 in. to about 0.080 in.

11. A pressure relief device as set forth in claim 1 wherein the depth of the

channel portions are substantially uniform throughout the length of the recess.
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depth of the score line, the condition of the die as a

result of constant use, variable die scoring set up
w@onvditoieens i ncl udi ng the pressure exerted on PEEUSI0686/010989

dur i Mgy SCORIBLEH feliéibvik ab be fEHR idlelhind § valeesih 0@ width of each of

causi ng unequal score depth along its | ength, inherent

thefchemesh petions of the rersssis |apprg>ynmtglv R&Ysoidhe ovgreldwidih of the recess.

t hroughout ,its extent,. and the.var.i f <) .

neces ggr y Mxe%s%rleﬁ%t‘tqegwe 8% Seg fQ mt% %Iflqﬁ%%‘}?em Uit fattic member
BA 1 bRlbtRporfiBE Wald Mik-SONEHKbANECaRE Beifill pEiddd in the bulged portion of
requi renents. Exanple 2 In the graphica

thepnesléiotmanitoen. of Fig. 35, the results of pressure

tests_condycted on eight.two-inch di ameter,stainl .

st eel 1%1 s cé G ﬁegﬁ‘%bqvf?? ag ﬁ?tgﬁ&éwec%%fwg%egnntﬂ% E‘Zl%ed portion of
BRShSt0fc REGLBLY KR \EETRbx Bic8 2Bl aCconBavieBceY saidi IineddTtveakness recess
percent of pre-bul ge pressure on the X axis. Four of

bhiag greidediadhasonehectacopbie stetallic membsr.whi | e t he

ot her _four discs di ot. have el ectr i shed ;.

recess g and Ath?SBfeJFﬂef{aﬁ‘.élcg ﬁSrSFggah\%@al Ag‘?’ ?rel‘?ﬁ%ld&ing'e ~weakness
PRES 18 hécaféﬁ%@é AshtNBe ﬁerfrhé{[@ll %fﬁlgé BSlgEd £5:%i0h Of He BARNIBShember.

as set forth 1n Exanple percentages of
pre- bibge prmssureachel dehiee 3 sasdosthéf cleiel gwhiphinisaid line-of-weakness

Fi g.35 are expressed .as ercentage of the 200 psi
f5eR8y 18 ngf}@rég’eé?ﬁ?@d G?H]g%‘gaﬁb%ss ure tests
denonstrated that sanples w thout an el ectropolished
recess, when pre-bulged at pressures ranging from 10%
to 25% reversed within a range of 10 psi to 50 psi,
dependi ng upon the pre-bul ge pressure. Unexpectedly,

t he sanpl es having el ectropolished recess reversed and
burst at essentially the sane pressures as the discs
W t hout an el ectropolished recess, in each instance
dependent upon the extent of pre-bulging. As is
evident fromthe graph, variation of the percent of
pre-bul ge pressure and extent of pre-bul ging changes
the burst/reversal pressure of the discs, and confirns
that a range of burst/reversal pressures can be

obtai ned by sinply varying the percentage of pre-bul ge
pressure as conpared with final bul ge pressure. The
present process of manufacturing reverse acting
rupture discs using a laser to |ase a defined |Iine of
weakness in a | acquer coating on the disc surface

foll owed by formation of an el ectropolished Iine of
weakness recess, has been found to overcone nmany of
the heretofore unresolved problens inherent in efforts
to etch a line of weakness in corrosionresistant
materials such as stainless steel and the |ike. Not
only is an inordi nate anount of

14
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time necessary to obtain a recess of required depth in
corrosion-resistant materials, but in addition, the

wo e®alioiony etched surface is rough and theref OPET/ITB2066/010989

suscepy ' bla 5iBGR fAsf RBcdrddr prdRicBloR&siner y poi nt
where the rupture disc is at its weaKest. Furthernore,

i t i sadhéetiof mietalliometerinkmesenting & fvel @wk i on process in

:t (F:)ng ey 2 ﬁeﬁlrlls\gﬁ%%?rpﬁ @pplé%f g C% ngac:e: %Qged%eémme% area of said resist

const ant | y puden ein ggzr&féﬁ@ﬁﬁl th@‘f‘ﬁi rédidhiubd 6f @i redfst Hlaterial exists in
agent nust be used for each particul ar netal

under goi ng stideares bhving apthaxd@s® legththaprasherr pastionso pfrsaidflayer, said
the invention descrlb

i |1ustrati SFIGHRN ?}Eﬁ@dﬁ%qe 1Bgal§§é%d%?eﬁmgled area.
limtigg S@[C‘%l%ss%?e feﬂEﬁfr@J@ierbﬂﬁu@%@& Bfth i \QaiBl 1gSM¥rein said resist
Vv

i nvention ious nodifications to the exenplary
'mdbmhl isemoded admtg o meddteratinaddines said chhbluma@pnb}ctrmﬂesab@/face along
a kllle lnthe art without departlngfromthe
Pfesent invention." ' Wat*"c af M&T! fs: 1.
A pr eq§ur €A nglrésﬁire RS d)(ﬁicf‘ags se@fo[‘tﬁllﬁélhl‘(@l’b/wﬁé%lﬁ said resist
metallic havi ng opposed faces; one of said
fmtmal if erbéhed atemde pereeallyC-shapei died, said tesidnumlin ngetaeidvith said face
ne of @{ g?s defined by a recess in said one face,
§ g Sg Pfne- of - weakness recess being
conf i red d
ol ofar od BF R RaR L bl A ap ot RN iR FRBUER s provide
rndased erdaedageadef i ned by spaced opposed channel

portiqns separated by _a central, raised cyrown .poriion,. .

Sai d dlannd PISERFS et wfsw#@erefodgweaéts o i o et said sheet
rfﬁl‘@ﬂdll‘?&%ﬁ eﬂgl ha% a\]xﬁl %Hﬁ gfﬁréﬁergﬁﬂéd%?o&ﬁ abéalbeing in the bulged
forth in c n sai | ne- of - weakness recess
lpaﬂlcmmfeh@mtetadim)dhesmed surface. 3. A pressure relief

device _as set forth jn claim3 wherein

li ne- ¢ vvezﬁ(ﬁ’é%%m}eeré iefsprequrssy Juedit 28 Spty Ov%?lslﬁa%@al #}, wherein said
o) r e e Sg
BLRE Pabh o0t il sbcP FRSIHIELICLbfHsell nbEx B> Eneave faces, said
ipﬂ&t&tdrﬁ(ihdd—a&ﬁi@ng &n thd cpneays figce of ¢hd shketdeatedd. as set
forth in claim1l wherein the maxi mum depth of the
i ne-of -weakness recess is at | east about 70% 25% of
the cross sectional thickness of the nenber.
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6. A pressure relief device as set forth inclaim1l
wherei n the maxi num depth of the |ine-of-weakness

w0 emessrers at | east about 70% 10% of the cr oSBCT/US2006/010989
sect ivgpal -iprekessliof preQ@sdrpiRRict coaprisify:essur e
relief device as set forth in claim1 wherein the
maxi narhess pf metplliq materiphpessnting akasesand ecess i s at
| east 0% 5%.0f the.cross.sectional .thicknes <
of ¢ n RS maiRtapblits £ BRSO rhll £ ¥EERmincd lasea
forth in ch@am 2 wherein said surface of the |lineof-

- weakness recess is a passivated el ectropolished.
surfaéé. 9A prepyuse selied presurser prisiupices sst fowh in slaim I wherein said
clgjpwl.mgire'n the:yﬁdgh of t he Iineoﬁr weakness
PECESEMNEY (45X TSR AL BIHEYAPRD PEEMHE A 1 in. 10. A
pressose r @l prefsubtereliefprédusee brddabt sétForth & &Thrh 24R@eBdiN said lased
the width of the |ineof- weakness recess is from about
tingiseenerally &-dsped- 0.080 in. 11. A pressure relief
device as set forth in claim1 wherein the depth of
t he channel portions are substantially uniform
t hroughout the length of the recess.J jg; "i- 1 Prl
i ilb relief device as set forth in claim1l wherein
the width of each of the channel portions of the
recess is approxi mately 25% of the overall w dth of
the recess. 13. A pressure relief device as set forth
in claiml wherein said netallic nenber has a bul ged
portion, said |ine-of-weakness recess being provided
in the bulged portion of the netallic nenber. 14. A
pressure relief device as set forth in claiml1l wherein
the bul ged portion of the netallic nenber has a convex
face and a concave face, said |ine-of-weakness recess

" being provided in the concave face of the netallic
menber. 15. A pressure relief device as set forth in
claim 14 wherein said |ine-of-weakness recess is
| ocat ed adj acent the perineter of the bul ged portion
of the netallic nenber. 16. A pressure relief device
as set forth in claim214 wherein said |ine-of-weakness
recess is of generally C-shaped configuration."Ff/ A
preSlfe relief precurser product conprising: a sheet
of nmetallic material presenting a face; and a | ayer of
resist material applied to said face, a predetern ned
area of said resist material being eroded such that a
resi duum of said resist material exists in
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said area having a thickness | ess than other portions

of said layer, said residuumin contact with said face
W(i)mOS/aO’atzg)r qglsmﬂ] ned area. 18. A pressure rebP@EDS2006/010989

pr ecu? @r}iﬁt e mdiefddvidearohiprisinge! ai Ml 7 wherein

sai d reS|st terial .is eroded, al ong a predeterm ned
l'i ne, agﬁlﬁﬁv‘?lggll’amﬁtﬁl lig,memberhaving ‘?HP°§%11 C¢sace al ong

said ppe I
precu rgge(réleépar?% u gstegfggé glg?lb%%r)?ﬁg H Vﬁtﬂfﬁl %Aﬁlté%ated fine of weakness
sai d resi stefimdlyi @tecess iwsaidede ﬁce,ng a general ly

C—shapeg LDI ne, a| d resjiduumin_contact wwth said face

al ong>¥4° 5%8 f-mielgnessrscess bgingsontigurpdtq pepsent the outline of an
precurser p Laim17 wherein is

provi ded a I(lggﬂggsero %iaréa &ttHeZJf%m% Igr essure relief

pr ecusadinprafdumknas re@ks being meﬁﬂectby’clb%ﬁcl&&' opb@’e&ltsEHe wall surfaces
ged porti on,

sai d sheet.of?d"rl%}aéllc rraterlal has a fbﬁlll
said predel®psh Berbeiosyeal sudacepwichyirfages fdhahimayeltweakness recess

portion of S35 eliegf. .
precur ser g%@gﬁmsgéhés&{ﬁp {ﬂﬁhaﬁt Ingl% age %W@Pgﬁﬁﬁmwromches of
sai d bul gedverage devintioh fidnetieheei sihes.i al has opposed

convex_and concave faces, said predeterm ned area
bei ng%bn t RPTESHESAE favee assetdoréh 1§|2ééthere1n said line-of-weakness recess
r Rrecur ser
pr oagg%:t?éug gu?f%esf;mﬁsh thatﬂ?Hg g{éa%f 26“%% &5 pfaverage deviation
fiomsthahicag sﬁf:icace and a | ayer of r eS| st materi al
applied to said face, said | ayer have a predeterm ned
| ased area. 24. A pressure relief precurser product as
set forth in claim23 wherein said predeternined | ased
area is of configuration presenting a line. 25. A
pressure relief precurser product as set forth in clam
24 wherein said lased line is generally C shaped.,
8/ jlI ApfSuii 1 relief device conprising: a
relatively thin netallic nmenber having opposed faces;
one of said faces of the nenber being provided with an
el ongated |ine of weakness defined by a recess in said
one face, said elongated |ine-of-weakness recess being
.configured to present the outline of an
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over pressure relief area of the nmenber, said
I i ne-of -weakness recess being defined by spaced

woppoden2si de wal | surfaces joined by a bott onP@EIE2006/010989
sur f &g, sl 'HEsdihé mtief dofice doenpristig: of - weakness recess
having a l.ustrqus surface finish that is no greater
t han Apelgtively fhis metabiemember bavingerpoged fages; on from t he
mean el j.ef . j.Ge a e ort
264k F & 4 o BE RRMEPLUE, bR BEa ol led Bl veatness
lustrous suefiaakby 4 riceds ih baitl ohs faee, great er than about
2 mcrojnches of average deviation fromthe nmean )
sur f aé@idielopgateq linejof-wegkress ropssbeingrontigwsd i presenytheutline of an
relatively ' | i.ng opposed faces;

PRl P OREE bl

one of sai eing provided with an
el ongahiddinetdfevedknyakeeds Seidgfdefige BY spacee ©PpSsedbidawall surfaces
one face, said el ongated |ine-of-weakness recess being
conf i gur ed Jelgepbia bettom Mall surfaqensridsurtaseovighe pregbweekness recess
relief ar E%a%g;gtahﬁstg&ggbﬁﬁfacg’ %é%gl)%ggggfag(\éﬁzg\?@%g smoother than the

recess being f1ne y space
surfaces j ginfasd finistpofthé hemiNGkmdey, f ace, sai d
. surfaces of the line-of-weakness recess having a
| ust r 8lds surprasargehieidavige asisetderth w8 whesein paid hne-of-weakness recess

BEE Lo N DA PSS BT e o o e

whedlBte megefl | 1 ne- of - weakness recess has a | ustrous
surface finish at | east about 8 tines snoother than
the surface finish of the netallic nenber."irBO . J |
[|JA " : |l fflbd of preparing a relatively thin
nmetallic pressure relief device conprising the steps
of : applying a barrier layer of resist material on at
| east a portion of one of the opposed faces of the
relief device; lasing a predeterm ned area of the

~barrier layer of resist material on said one face of
the relief device; renoving netal fromthe relief
devi ce corresponding to said | ased predeterm ned area
of the resist material; and controlling the depth of
renoval of nmetal fromthe relief device such that not
all of
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the netal is renoved corresponding to said | ased
predeterm ned area of the resist material. 31. A

woredohoareed preparing a relatively thin metalliBCT/US2006/010989

pr es stgge-irighidgiHee \f GRemSing &f rél@tively tRinChdiaMc3Pressure relief device
wherein is included the step of subjecting the
poupsisimgihgsiapd ¢fhe of the pressure relief device to

el ectropplishing to forma.line-of-weakness recess o

ot eder BNt REE Rvorat Sl og BRI R Rard ) gt ope SFthe opposed
devi ce. 32.fakesEttOdlief deRiceparing a relatively thin

metal lic pressure relief device as set forth in claim

30 whdasnge predeterhing@erer béthsthepriesfayenof resiki matgrialoa said one face of
el ectropol itﬁhi n% k8 .forma |ine-of-weakness recess

defined by BpEEELISHSsed channel portions separ at ed

by a Gembliak nietd 5@ thE ANEf RATdeicBRespoAdidg (a8 ed predetermined area
portions being of greater depth than sard crown

portion. 33fthe wesishiwateval; paparing a relatively thin

metal lic pressure reljief device as. set forth in clai

30 whdPRRLRE e GrHe oL e St i e g i s Spds at ot all of
materi al oy Aleth] ANRIAEE cQieshBRiREL] &lid Be¥d }?@d&%ﬁ’xﬂﬂe@area of the
predeterm ned |line, said step of renmoving netal from

the relief rdgstimgendlong sai d predeternined |ine being

contrqgl.led to forma |ine-of-weakness recess of . .

ot edehr ni o e PripLER & G 0 B AHGPTPOPISElief device as et
45520 RSy 1 KO AP AL S v of
Idesammerdiaf dedce toclagtiepolishingdo fpmaflined fgverdnessperets afipredetermined

0 he relief, device prior . to application of the
r‘{?EJfﬁ’s‘Psﬁlgtoé‘Fif%ﬂe(‘cféhesr&BB%%\’{é@ef ace of the relief device.
35. Agget hod ni%ftho‘ar&ff)%gaﬂgg 4 rél?t?x?rl}z ?111?1? %eiapg({?nr@%?é Jeli€F device as set

pressure relief devicée as set
vibeth @i claima B wWhetege s ipdndédothe sfep tolieontedlling el t@pbiishimg to form a

onv face and a, congave face, and jncluding the
§&ns-;s§-x%erﬂﬁaﬁa Fiﬁeﬁﬁgd%@ﬁé by saced oheaved FlneLpostossErae by a central
SRR AL SR BR A Ol % B 48] i rown posn.

resi st33mat ek nethadrofpacpdriog acdattydyaién oktallivepbssugedlief device as set
rel.ief ice

portion of _th de . W [ " me' ha of .
59%{55}65%1 30 wharein; wcyldﬁ\ﬁﬂw er@toéqu}r@Vt%? Eesistmateria) gnesaid one face of

! . Cth ] R PSS .
RN BS SRR A A0 HRSHEL O L) Mo e e
clevice alpap daid prédeteemintddine deingrashtrelte dgodfarm b linb@fveakadss recess of
mat eri al by, el ectropolishing. 37. A method of

predsiarmiggdzepth inspidang fage, Qﬁlﬁ“e‘i"/gf’f 4Vir essure rel i ef

devi cguas s t oy | Al F el N S, :
o S8 S B4l g R APHEEL Pl BEELIER o
doph atelbet B nédrelin Rencladud the step of bulpipgtah@riderddthetelichdevice prior

mat er i al, reppved . from said pressure i i
to application of the resist material to said one face of the relief device.

35. A method of preparing a relatively thin metallic pressure relief device as set
forth in claim 34 wherein said bulged portion of the relief device has a convex face and a
concave face, and including the steps of applying said resist material to at least the concave
face of the bulged portion of the relief device, and lasing the predetermined area of said resist

material on said concave face of the bulged portion of the relief device.
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relief device by controlling the width of the |ased
line of resist material. 38. A nethod of preparing a

wo edoatiofeed y thin metallic pressure relief deviBPEI/HS208€010989

f or t hign -6 LiheR oMpRpeling ARl@lvelyshinanomRid phésnetbleef device as set
relief device by the step of electropolishing to form i
dortte tneeleini R0twieerein it dfcleiedithe step of remeviag meteldireraghe relief device

39. A nethod o r.eparin tivel ]|
2PeeOuFBh0 083 pROERRGRE B P B Bl bt

wher eizn. i s A methéd @ pidperisg & eelatfvelypingetallR presusktrelief device as set
material along a predeterm ned |line corresponding to

derstt ingdaim Howbereinciahnaiuded the sisgs ofdnsies thedgsee 6f resst material along a
t f i | ; . ) '
%?%@%miglefig{qeeggﬂddcgo\%t@g{n S‘tﬁé Ig%f@#%orf‘t:tﬁé %%Fégl}ag%ér%&éé/gd from said pressure

WO Aivice By bagtdlEgothe RadSt Epholhsdddsiend rédig niaeiat
material along a generally C shaped |ine correspondi )
]égn d%vwe as set

t 0 t hé8d es i4 mgthoded peipatipa k rativelhthimaetallic RepssyEae
.. A NEet. f i na. : L .
39%1% dh chalpg Sl()gyvhgrrglsrf %{e&%gls greein%fklgctrl 'tfﬁo%llx ﬁth% :ygﬁﬂ%ﬁbé 'by the step of

WREBHSlishing t0 Fbinel & dedefitinshenrliof ddvasi dfgrédeeermaridsiepth.
material along a |ine having a generally inverted .
U shapdd pehkeihndet PRaraEIDE A folatieRHdimRetHis prpsTaraRKg! device as set

AR b SR LT o SH DPloe)  bdeiat son «
Fpr

SRSt dddl de@lord§pondingas asietirdddirelvfiweakhah in 4@ relief device.
wherein is included the step of |lasing the resist X
mat er 49 aldmthadafarepadss aplativaly Permetalicripssies tghief device as set

SRS 5P SR ha o e RPEPR A8t 68 o senraty
nekhgdd e I@b@ébf'pbhdﬁﬁg &0 theldativadding dffvreaknmst &l theaelief device.
e

pressure reli device as set forth_.in claim40 ) )
wher eidl. i s A msttheseef prepatiag aselativaly diimmefailic pregsugg relief device as set

tecigl. along cl o t ' ' . .
i AR By A S 5 b
tdh@enetall Whktel BNgHape Opedkliftelhedate the ends of the line that extend away from

the circular length of the line.

42. A method of preparing a relatively thin metallic pressure relief device as set
forth in claim 40 wherein is included the step of lasing the resist material along arcuate C-
shaped curved extensions at opposite extremities of the C-shaped line that extend away from
the circular length of the line.

43. A method of preparing a relatively thin metallic pressure relief device as set
forth in claim 40 wherein is included the step of lasing the resist material along closed
arcuate extensions at opposite extremities of the C-shaped line that extend away from the

circular length of the line.
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