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LASER- DEFI NED ELECTROPQOLI SHED LI NE OF WEAKNESS AND METHOD OF FORM NG THE
LI NE OF WEAKNESS BACKGROUND OF THE INVENTION 5 1. Field of the Invention
This i nverwoaooénelézd es to an i nproved process for prepQTS28006094098Ttd snoot h
surface reverse buckling rupture disc assenbly in which the bul ged section
of the disc has an el ectropolished |Iine-of-weakness recess whereby the

disc will relR@RBtRSE ACITNG RUPTORE!DISCARITH BASBRYDEMNED EAEUTROPCHISEED!
overpressure setpoints. 10 The present invention rel ates %enerall to a

reverse acti nd-INEOH WEARKNESS ANR MBTHADOE FQRMINGHT S8

| i ne- of -weakness recess, and to an inproved nethod of formng a

| i ne- of -weakness recess in a reverse acting rupture disc that assures full
openi ng of tIPACKSROUND OR EMBINY¥ENTION | i ne- of - weakness recess may be
configured and strategically located to assure full opening of the disc
al ong t hedli ne- of J\A/eakﬁ@;%ogféeééfgl}ﬁ%i le at the same tinme 15 preventing

b e-bul ged, 1 ol | SuBdishet Rfled EXEIRBoved Sl Gl s hudotiithee
resi st mat er irélerse/bucRERY nipfure &ligel 3yeebly tn whichviie dulded asétion @oIheidive o ahhe

| ayer of resist material corresponding to a _desired |.ine- of-vveaciﬁﬁss
recess in thelestopalishedlinerotayeakngss rsaess wherebythe disc wilkreliabiy gevgrss and flly enca,

subj ect ed tofg&ﬁ&%&?égg@ faﬁE(% ﬁ%@%gés%%%%éﬁsr enove netal fromthe | ased

area of the I SC, g a lustrous polished
| i ne- of - iMeakness The present mvehtiondelates géneratly ti a reversecaetingyrupaire disc kavihgaflaser-

redet erm ne epth that,.is,related to material thickness,. | t .
et or ed pr GEEE!cleopolisy he Al Heplintssdusen apd kLAt GBI rborO0PrHoERnes s
recess defingge o Weﬁ%ﬁ@&c&@ﬂ?ﬁ%@exgﬂ%ﬂg}upﬁ% Hise Bt 2R0RE ?ﬂ?&beﬁiﬁg%fﬂﬁ%&m

rai sed crown portion whereint annel “portions are of greater depth

t han sai d cr ompon petsaloThe Tine-ofiwealswess reteanmay be oonfiguresd a8 stritegically located to
| i ne- of - weakness cess. pravi de openi redundancy and therefppe incr.eased
tearing  r el P {0l BEPiBE o7 Yhe-dine Hone, he foeoRaicalduebs Fesees WRIIE A BF PG HES:
the cycl g5 selpydveftidd ffmentaiith 61 b tike upchevigsalf A tljfturdidsse blamk GOt srblbaged UCh
that a relatively thin residuumof the resist material is left on the di sc

at the conpl delieyyeddty finad bulgisien andihen aravided withus layerofemrasistmatepial. sA daser iscant

oxi dation of ] f .t I.Sc. by S i i.opede
or 30 interf ,ﬁgoygm&'%?egzﬁ Vgea(ﬁdée]‘%f gé’?e@ ro(t)"tpt%ellag io%e%ﬁ%tgﬁ%e@gﬁe %@gg a
| aser to def idegired laie-oif-wedkidsfecask iiha komase fat€ 6fthe billged aiphae disof Thé\diselissC

al lows the manufacturer to provi de,any one WO 2006/ 107629 PCT/ US2006/ 010959
of an essent ignsybigeted tA MGW%%WPPSFHPM%@WGmm%%gwﬁﬁf%ns

and di sCyGur i 3fere disc, thereby forming a lustrous polished line-of-weakness recess in the disc of
desired configuration and of a predetermined depth that is related to material thickness. In

the preferred process, electropolishing is controlled to form a line-of-weakness recess defined

by spaced opposed channel portions separated by a central raised crown portion wherein the

channel portions are of greater depth than said crown portion. The opposed channel portions

25  of the line-of-weakness 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

30  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 mamifacturer to provide any one



mar ki ngs. This invention relates to a reverse buckling rupture disc
assenbly that has particular wutility in sanitary pressure vessel piping
applications. Pharnaceutical, biochem cal and food 5 pr i ui pnent
require tﬁﬁ?%?é{_h‘?:’ﬁgr_ @Hio be mmi ntained at al ?F[%égé?lﬁ)'ﬁ}aﬁ)gﬁﬁ
necessi t at oSt AP S Ier selSprion of Tngs, Pwenkness soptrgatns nd st Swfase

ot her sanitigatihed agents. These processes often are operable at
relatively low |l evel pressures in which overpressures in the equipnment or
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order to acconpli able disc rupture at low differential pressures, it
has now beeawcessitates fraquentcleaning ofdhe pquiproens, uspelly with stermrorctherisanitieationn; | e

at the same ti { di i Cli . of
t he disc by agﬁrg?ec ?gﬁgb@geess%ﬁéigé’nn%% eo&&'g*ﬂ%t% rglgﬁgélfgéxgggv \ﬁlil) ;BE%?%%%S#‘;C sﬁa
segnent r egioverpedssiréeintthe eqiip@ehttdiiping tordestyd tHesste afust beetlibyed dtlpessemtt er

applying a force to the disc which returns the deflected segnent region to
its initial leystsasiqwes ahnetpsie. tihis conventions} toemployaeyease bugklingduptate disea for

segnent {k€egi.on. A 7 Uk- 1 t al
of Sthe. A0na i ulsEer A RhE b o besh Rl difrct GURANE Qbbb udBPER O
and r et ur negraegsrdiéranegatiowasipiessa@edli gher residual stress than the 20
disc material surrounding the jnitially deflected segnent region resulting
frominitial pladgpger feépﬁﬂméﬁhéffh%ﬁ d§°|fw'e\q°ia£t%" Hattl e &% lhas 8pwi
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region in the opposi I'rection. cription ror Art It has
| ong been kmmaterial colfection peblenisgadhe awicsef the disa by subjecting the dissmbtarialtg aa

line- 25 of - weak line i f f the disc bylge.
The 1 ndd oft e aNHE oG ct samen agie dfde a9t T8 e maBLods BeesEan o o
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where t he Iine.-.of-vvea ness recess or score |line defi nes.the ar ea of t he
di sc that oppesisionpberebyxthe nstdl of the défleated and fetuenedfsegraetit negion has erslteretdraini ng

t he opening _ through the dis on,severing .of t di s | ong t he
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t hat bend outwardly upon reéver
of that same localized segment region in the opposite direction.

2. Description of the Prior Art

It has long been known to provide bulged reverse acting rupture discs having a line-

25  of-weakness recess or score line in one face of the disc bulge. The lines of weakness or score
lines have generally been cross scores, or a circumferential line-of-weakness recess in the
concave face of the disc where the line-of-weakness recess or score line defines the 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

30  willreverse 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,



WD 2006/ 107629 PCTI US2006/ 010989 agai n preventing fragnentation of the
petals. G rcunferential score lines or lines of weakness are preferred in
| ow pressure applications because of the |arger openin upon
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service |life; e b HBlidhGsdll SC as a result of fatigue cracking and stress
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Consequent | v, pletalistoNf Hiedis! workUhdrddned RILARKIBR SookiBY %r%sﬁ%ﬁ@&c&d&iﬂ%%e
rupture disc having a score line formed wwth a scoring die that will both

open rel i abl ittengsswiithemetabiand ereatipg ssresszanes sHiebsitianessand énceepsedsiressmones  has
al so been proppsed foarma.score.line,.in,a reverse ting rupture.disc
i ngCon ) DL SRE Rl ot HeTefichifk Sehé BB o AR I ienE rabliR el
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it difficult to control the penetration of the beam into the thickness of

the netdS anerigite pulgpd demesteengthoenkinggt dificaltde predict the pragayse nltimataiyregnised

| ength of thg | n&a: Qf - n r E 0Dk . LS.
Si ani 1 cant 19 e e cpee o8 Gt R RN R sl e p 385 ping,
t he netal | ur Qynseduently, ittty dificaltzo produtga tevass actitig bulgddreptarddisoieingya a
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st andpoi nt  ofeorgnling jormed wishanscprng die that gvill beth preagslizhly aed withstand multiple, ¢

al so havi ng i e life. Chemcal etching of a rupture disc
havi ng a seg%%gzé\bgg%ug &?égelﬁ'er defining a line of 30 weakness has al so
been su@gest ed i rit hiwealgorbeen prpbsedas fdrmra sexitine én & heverse aciingiapturs diedusing

U S. Patent s. . 4,122,595, 4,597,505, 4,669, 626,. and 4, 803, 136. The
patentee in f't\ﬁéﬂr-bs@s- a&eéaﬁ?p%ﬂgé@@n@f g&%gwana?r iy gatistacio St 6 f
on a flat ruphddhe FleIenetBefifolthemsEarkARs 8fficult to control the penetration of the beam

into the thickness of the metal and thereby form a smooth groove of uniform depth along the

length of the intended line-of-weakness recess. Furthermore, lasers significantly heat and

25  burnthe disc, oxidize the material and change the metallurgy of the metal. Discs having lines

of weakness burned by a laser have been found to be unsatisfactory in use, not only from the

standpoint of unreliable openings at required pressure relief values, but also having
undesirable cycle life.

Chemical etching of a rupture disc having a segmented resist layer defining a line of

30  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



openi ngs presenting a pattern of the desired |ine of weakness. After

bul gi ng of the disc, an 3 WD 2006/ 107629 PCT/ US2006/ 010959 aci d sol ution
is sprayed onto the disc to etch a |line of weakness caojn¢i i.fh the
area of tW@2MERT®hpr ot ect ed by the r‘%ﬁ“i st r@t erjal. %@9@? Olwﬁéfac of
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periods of time in order to erode away a groove that typically is as nmuch

as 70- 90% of totthgeetchant agente stheapptigalisep argimanpfyetugsdefign matarialsthat apginberenfly i s
0.004 in. thi . 0..00 Ln. t I e in
proc esls. I n %ﬁ%ﬁ’tﬁ?ﬁ%’ﬁm’ %?“éharagtsg@%%o%ﬁgﬁogegh&a%g@%egé I %P{’artr%? e%‘%rs}‘: og

of these corgodsdquence 2éhbfeetionbfthése iftefintlf krosidigresibtataniteridetotanivhaftracidust
be one tailored for the particular type of netal. Thus, a different acidic

agent i 4°r eqisaviee thas theessdnniagentiemyin in eaniachwith the surfage afhe metal forgxierdsda)
d . icul | h
used to m”%@%@%&ﬁ@e H%Jr ¢r'tH eftide w&s #’%Pgénttiﬁtd&g%hgg% a8 Bhiehi hEF0-560, e t he

specificati appl1cation. I'Tcations require use
of di ff er entthickpes obthe nreedl aFor eXinaplefifithe mardriahis@004tin. thiok) ap muck 8s0.0036Wsed t o
forma |line of geakgg{za i,n;}gorro_si on 25 resistant disc material, the

manuf act ur er™eH{86F wing the piohipg PIaSesst chant agent that is most  effective
i n eroding that ikhe ; i i : L tahe
136 patont descr Aol JAUHEPR) RonBRIS AP bcien] B RA WS ort i)

sui t abl 0et chsistgntheatérialsitiesr etchahtagestt choseh niwst te oife tallereddorathe particgamtypdofn t he

bath, th i dj tratj f .the .bath, he bath t
cont ol 1'ed {5%h i SEarE R Re Ry it B pura ot sl b b sty (ph apecitic °' ©
pat ent ees deggtesidlCused Qo MBARIGNDS IBABEUA ripturs RBscOREORR Sflected to meet the

specifications of the application. Different disc applications require use of different types of

metal. Therefore, when an etching process is used to form a line of weakness in corrosion
25  resistant disc material, the manufacturer should have available an etchant agent that is most
effective in eroding that specific corrosion resistant metal.

The patentees in the *136 patent describe passing the strip of metal to be etched
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

30  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



the groove as being a flat nmenbrane extending along the length of the

etched area. Because the surface of an etched |ine of weakness has been
further rou hened as a result of the etching process as corrpared vvlth t he
ori gi nal U782 sh of the metal . 4 WD 2006/ 107629 PERUCRISG @989
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t I t nbl d d
For T evhl sc ORISR EELPr RERbEREReutaripe il e s Aot { B3F eent
has 15 beeRichthtRb&Hifath fy%t‘ f metal) uﬁdstueriﬂorameum RiSifed t obRCRmavaliofp! e
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doned area @ hetma‘enahcbﬁgmgéheelgnecﬁrweyme&at ed in a position such that

t he doned part o M| | first at the a f. the dinpl The
di'sc thus +ever ol oRey o TRt peatyls ok kiR eoBler sSbute i s e
an over pr esgedigned! fosfvérb@atiag dpslicatibrshend cogantiroial @pré’&hwtbe\tequuemeﬁ!uml ein
t he process side convex surface of the bul ged area of disc, presents a

cavi ty ifhat beery tpprovide preyerse buoklingrupbire dise Bywhigha dln}iﬂﬁﬁrﬂ&éb@@‘ieb’amn@é‘rmt he
i k | h
I : kg is di f i CUH togiﬁh rrﬁgﬂﬂ f&%%&@gﬁg@g@&gﬁ%@@ﬁ@ﬁféﬂ %@9&18#&41&%2%| cht t ﬁe

rupture di s@naposlimmmhch)uhedhtdbmdiﬁno&'mecﬁlsowﬂmrﬁlﬁwﬁeaﬁadfﬂieﬁmpk tThat may
have collected jn the di nplary of_a_ prior art rupture disc
assenbly hadlisadhus raystss @n"&ﬂpqnﬁét w%@e&b@eﬂﬁsee@ed BYthe REOTATLES ANOVEPIISFHENe,

et al., U Sy sEﬂ{aﬁ'ﬁtdls’Wmﬂ@ufl@éd &, in which a pointed tool forced against
t he backed up convex surface o the bul ged section of a disc fornms a dinple
in the 2@i sc at Bioweearya dingplaindhe mbedshsidelconvex sirépe of thadulghd pea ofithe disand

depth of t here(g(lenn?ll gax}lty that Isgrves as a collection point for food, pharmaceuticals or the like. As

a result, cleaning of the processing equipment with steam or the like is difficult and may

require breakdown of the components in which the rupture disc is positioned in order to
insure removal of material that may have collected in the dimple.

25 Exemplary of a prior art rupture disc assembly having a dimple in the convex surface

. of the disc is Cullinane, et al., U.S. Patent No. 6,494,074, in which a pointed tool forced

against the backed up convex surface of the bulged section of a disc forms a dimple 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

30  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



to be selectively variable. In each instance though, the dinple in the
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a residual dpwﬁ%o edife- bul ged portion of the disc. Figures 6-9 of G aham
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i mper f ect | ONgeqasted oXDperafidit 6?& no:gm&eﬂad@kver@dlsucm&lg suptaﬁe%soﬁwmaxe@ﬁ THE
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require the equipment to be free of surface imperfections such as crevices, gouges, obvious
pits, etc.

SUMMARY OF THE INVENTION
The reverse acting rupture disc of this invention, which has particular utility in
25  sanitary conditions, has a central bulged section including a convex face and an opposed
concave face with a flange portion surrounding the central bulged section. The convex face
of the bulged section is smooth and of substantially uninterrupted configuration. A metal
segment region 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
30  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



of the bul ged section is snmooth and of substantially uninterrupted
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disc is pref r_alté)%é fabric_:sated by first pre-bulging a disc blank in a
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Che  bi Ak DATAE LR el Secifh, DA Bodttd dfinbilt i UREERUA uishb ichib hdile ©

formed in thenddeflectihe serittal sevtion bf tha dldnk amjsresqutieéddinly applied sginst the gemai t ai n
extent from tseré%or(lz gP 1532 Enla(x)xI( a'E ar.] Srthl:JtLr%lelgedcrgtgttcr) gll'e-bsu?gé t.hg Q.{sc blank. Pre-bulging of the
blank against the post causes a relatively small indentation to be formed in the central section
of the blank, preferably offset to a certain extent from the center of the bulged central section.
25  After retraction of the post, the disc is then bulged to its final dome height.

The deflected metal segment region of the pre-bulged 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
30  boundarylocated 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



25 After retraction of the post, the disc is then bulged to its final done

hei ght. The defl ected netal segnent region of the pre-bul ged section of the
di sc bl an ered grain structure as conpared wt ki ng

nmet al of &Q%@Pgaﬂ%ﬂ ged section of the disc. In a pr efde}:rjﬁliggoggﬁ)g@g?nent of

the di sc i n whircnomginsmriasyuseadadseghadnt regionas g eayuit of initfal plastie deformbiidngdd

section of the disc, the deflected segnent has, an outer,generally.circul ar

30 boundary  1Adecalizef! seemew;regign ffst in onisaierion, s ten,plasticdelommation b8t e han

to the fl angqodggggdég?meﬂ %igﬁ- hé Bppotiiedin@gsEnt region physically displaced
| ged I I

f
fromthe main body o there ul g section, is returned to its original
posi tion during fiThalregion gf thg difc which biissheen pfeatast arid theén rétarnedi&f iteomginhland

t d t .r.egion.exhibits hi.gh i dual, st than the di
rator 1l S 7 UBIIBOR 18RO FEGSBY M SR HENE ARy AT e
segment 1 egi QRanfe StrésS&sUiposdd drthe nidin BOdYTFitife BIRELH BB B dis8 duff@fina ed

segment region first in one direction, and then plastic deformati on of that
same | ocal i Dulgingghhsresultdgadiscihavinge bulgerbssictien withewitangndentziion op depaession t he

di sc which has. flect th tur.ned 1o it i ginal
i spostt on s BRI Bl TR PEMRE Rrh i 3ud Mt PR oo e i ons
that in sum &ézﬁlil?hﬁﬁ{tﬁﬁed dnd ARRaidde MokdoRerS @8 défIea6e£hd@ibdel et Potiin BALREgBéntt he

bul ged section of the disc during final bulging. The result is a disc
havi ng al®ul gegionekthe bulged sastion ofithe disel produges 8 disshaviag neepssasy rupie tleransal d

coll ect mater] A he., .. [ . . . re
oadi Ty mai neaRa SREPrRERE A% ST R A BRRRARLMRGR b EU AR ronhally
return of a s@pliGatibnshtheretbit SpeciticatidiGediitegcloseesitianct 16 bulkepdisafe rpptoftdizes a
di sc having necessary rupture tolerance characteristics permtting use

of the disc i rPT%lﬁ?- maceuti cal, biochem cal and food processing applications

where the specifi i 1 .Cl ose. I . Qr:

rupture disc pr ogﬁ%{‘eﬁﬁ°%&8#é‘r‘§§%‘€°em?sa %@F&g@é@??ﬁsﬁ %Wlsxgﬁfeglrog @%ﬁﬁggddi sc
havi ng al$ egisedtionof tHealiself gredter tehsieaatnginthah the neainl bsdy offthgihdgddaectionnsfldte
strength than the main body of the hulged section, a flat disc blank is

| ocated in a %scblankds Ineafedig afixige hadag afetlseiian nogtsich that the pest ija engagement
engagenent v r . of: -6l i i . from
o Out T e dhitbo@ i of B idhn b Bésiclnrek RofleR il DRl it Beoa RN it
preferably hadte buigadspéteom. CEle deflestion pogtpaefagblydias a hétndspheridal tlaakrefigaging s
selected to for n indentation .n fhe, bl ank of predeterm ned. 20, exten
dependi ng up&Rdt 8° ppgaliggpetenis S?lﬁ‘f}?(t@ef°ﬁ¥§€,m4%ﬁ@8ﬁ%ﬂ%ﬁeatr SfRredstcmine e

di sc i s of abrdeft i ' faidch : ; ignet er
of "t he' b3l god it Sébeadiig ubBE Pie Goebf BRaAR ide) e b Bk S i e
i ndent ati on ehrisatedsthe densile stuéngth of the nietal blank; the diameter of the bulged area to be
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| central axis of the bulged section of the disc, and the burst pressure differential specification
' for the final product.

25 Pre-bulging pressure is applied to the face of the rupture disc blank opposite the
deflection post while the blank is held in the fixture to effect partial bulging of the blank and
at the same time cause an indentation to be formed in the partially bulged convex surface of
the blank in 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 l;ulged section of

30  thedisc.

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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s&h?hat e beam moves along the concave surface of the domed blank to remove almost

all of the resist material, while leaving only a minute residuum of the resist material on the
surface of the disc blank. It is preferred that the laser beam be controlled to define the extent

25  of the intended line-of-weakness recess in the disc, but not allowed to directly contact and
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

30  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
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BRIEF DESCRIPTION OF THE DRAWING FIGURES

Fig. 1 is a schematic representation of a length of sheet metal material used for

production of reverse acting rupture discs in accordance with the present invention;
25 Fig. 2 is a fragmentary plan view of the metal sheet of Fig. 1 and showing in dashed
lines the outline of rupture disc blanks to be formed from the metal sheet material of Fig. 1;
Fig. 3 is a schematic plan view of a disc blank formed from the sheet material of
Fig. 2;
Fig. 4 is a schematic cross-sectional representation of apparatus for pre-bulging a
30  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;

10



fabrication of reverse acting rupture disc assenblies intended for liquid
applications where 20 maintaining a high done height is advantageous.

BRI EF DESCRI PTI ON OF THE DRAW NG FIGURES Fig. 1 is a schemntic
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7 is an enl ar ged Fig.dpisestirematis crossrdciional eqpresematicat dfdie fiktutelas shover imHigyeld
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Surface 1r t He isatng ﬁwmﬁrguwﬁehp%%w\%an?eﬁ@éﬁ? S5 Loc g R BHESHR
formed by t : i PR ig. i i zontal cross-sectional view
taken on thgﬁpﬁﬁi&gﬁé’%@‘?ﬁ g.b%l a?’gflalggaftﬁrgemgbvmwardl y in the direction of
the arrows; Fig. Hgild isascheerstit crosssestional eaprdsemtation afthefxmteasisbownin Kipe
fixture as shown in Fig. 4 .10 .and illystrating th ner in which ..

b essure s SEHR e Pastmeued allpreling Heoatbat W URGNGH: PRIBEG FaPRik | o
eff ect 1 nal ot Ginbéehocldithd dtelbllged Hiphfe dist & cffbet fiutl BulB G fipture dise
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applied to the, concave face t.he pr.e-pul ged rupture disg.to effect final
pel i ng of ©HRBToRRPGReoR 100 A4 the i fenflish Berefidiring Bie tuielng Pt ferlhl #fiatnt oo
segnent regigmhOdisd;he bul ged section to its initial position before

formation of the indentation therein during pre-bulging of the central
section of the diig.d; isaschematic cross-sectional view of the final bulged disc in which the initial
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indentation in the central section of the disc has been ironed out during final bulging of the
20  disc blank;
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. 13 is an enlarged cross-sectional representation of the portion of the bulged
section of the rupture disc and which schematically illustrates the altered grain structure of
25  theinitially indented segment region of the bulged section of the disc that has been returned
to its original position, as compared with the metal of the remaining portion of the bulged
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;
30 Fig. 15 is a schematic central cross-sectional view of the lacquer-coated bulged

rupture disc;
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Fig. 11 is a schematic cross-sectional view of the final bulged disc in
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segnent region of the bulged section of the disc that has been refurned to
its original posiFigoh7 isasplawnisar efthodise ilusatingone fopm Pﬁélqs%hilenil‘?fﬁ"%g?i on

of the bu ged ione Fi 4] [ hctéan of one net hod of
coating the B?Hﬂsggg’g“tué’ﬁgfﬁf‘ég%@% ?ss?'ﬁ%@%@tf%mteﬁﬁgﬁgggs?, dryi ng | acquer
material; 30 Fig.Fikb18 % eivertiba enlatged dRpmemhrycrossectivnhl view takenesnbstintintiye

| acquer -coated bulged_ rupture disc; 11 WD 2006/ 107629 PCT/ US2006/ 010989
Fig:16.1's"" aloegﬂt@%wtlﬁcligdkf@il&tlﬁéﬁd looking dn the direstion, ol {e AFOWS: | aser beam i s

used to forma | aged {q i . i defd.plhg; 'tﬁﬁiodi e of
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is a plan vi elsciadpolibieingléqripmdnt fis formingadineof weakmessrbcess indhetrhl gedsective bf the ng
the 5 confi %ur io (if a\,l i ne oﬁ weakness rece‘ils.to be forned in the disc;
Fig. 18 & adiseplong te lassAding injthe lacghrr spating ogthdisSect i onal vi ew t aken

substantial ly E: g@gﬁ%ﬁﬁ ghdn%ev}g‘f tﬂnghg inflifich aﬂel&ﬁgg 120Kd RPeds Rad BiRn Hring@t | ON

of the arrows; a vertical cross-sectlon view of a schenntic
repr esent at i amnthebulged ssctiowpbhihi disi nsing theiefporogolishing quipinegt of Fig. 19;

| i ne- of -weakness recess in the bulged section,ofthe 10 disc along t
lased line int hehgaggd%?%@ggﬂﬁﬁ' %ﬁ?‘gﬁfqesc pragie ?Pﬁfseﬁ%"qe‘gr@rﬁ!@ﬁm& %{;\'zﬁ‘c')f
the disc in ‘Mﬂsﬁ!«iﬁ:@}h@éﬁaﬁp@ﬁﬂ{eﬂ%&%& ﬂ)ﬁﬁ&ﬁﬁﬁi‘@p%li%&%eéﬁﬁd@%e diSc;t he bul ged

section of the disC using the electropolishing equipnent of Fig. 19; Fig.
21 is a t¥agnent aFig. ghisarpjeuviswiof thetdisc haviog en slecitapotishedregeseensrespanding tof

the illustrati.ng,t.he.electropolished recess.formed in.the polished section
of the disc; afgaﬁ%fiéﬁle?z f aacgu ICQWP%'W ?‘ﬁéﬂcﬂﬁl?(fetﬂ%‘(ﬁdng an

el ectropol i shed rpessisaRehlasRe Radmehtir vertibe clod$8sttibhdl @icwtakdifor tRERMEN3-
coating, and with the |lacquer renoved; Fig. 23 is an enl ar%ed fragnentary

vertical cro23o§Eig 2dard illustatingsheerossrsectinnal shape ofthe electropo
bulged section of the disc;

shed recess in the

20 Fig. 24 is a plan view of a reverse acting rupture disc having an electropolished line-
of-weakness recess in the disc in accordance with one embodiment of the invention wherein
the opposed end extremities of the line-of-weakness recess are curved outwardly and extend
away from one another;

Fig. 25 is a plan view of a reverse acting rupture disc having an electropolished line-

25  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

30  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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23 of Fig. 22 and illustrating the cross-sectional shape of the

el ectropolished recess in the bulged section of the disc; 20 Fig. 24 is a
pl an vi ew erse acting rupture disc having an el ectropolished Iine-
of-meaknesgorzgg‘{é@z&?n the disc in accordance with one e%%?ﬁ@ﬂ?m?fp t he

i nvention wher ei nfgt istgishshely of wkevorie aeting fuptirodisd leving ancelatropalishedline-
recess are curved outwardly and extend, away. from one another; Fig. 25 is a
pl an vi ew of ofWeakpesssiecess i Hg dissn apcordanse WHA @i %fr?n@?gﬁ?‘?‘gﬁg thedR¥AEOR ne-

25 of - weaknegg,.fd ﬁl%ﬁ'a&iﬂ%to??hediifeg?f-voe GQ-EIRANC Gartlhs taﬁd %QBQ%%&%WJ‘%@& of
the invention erein the I'ine-of -weakness recess has spaced, - oppose
i nwar dl y- cur ¢gigeneities atdtwhersin the portion oftthd lod-dfoveaknksoreeesa oppdsite thebinge pions a

pl an view of a_reverse acti rupture, dis aving an el ectropolished |jne-

of -weakneks Pbibe Bulsedsectien of the disthesap iy xalr%tq eaerﬁﬁﬂe}ré\ap%alaﬁ@ﬁ{m of

the invention 30 i j : i : ‘ i es
F%g% 8 grfmh@evoa@uf&er&fm%bmgmeé hM?%%?écnlb Gifshed IRL

and has outwardly end extremties rein the portion of the
| i ne- of - weak péssaknessaseess i theidise ih laecdndange with mt furdher enfbokiineerit of thecdinwantivn on

of the disc has an oytwardly directed generally V-shaped. peak segment., 12
WO 2006/ 10762891 the Py 9%@‘?0#?831?8 g’?chsqﬁ"%qdaﬁ”\?f cigpular qnés&reg@&sfm ng
rupture di sc havi 18l : | [Hay= 5 ﬁd?@rﬁgﬁarf § _di sc
in accordance wt %a%flllﬁr%tp erJléewnEodarlwn%%Ac})]#igmgﬁ? %‘Zntl 0 ﬂ%g?g?l%sﬁgc%@%

radi us of0 t hef-wesmess revesa km thedliscein @asrdence with arfirthersnthotdimeend lof theunventiornd
extremties and wher

gipn %Ihe ortion pfthe | ine-of-weakness recess %g psite
t he hinge poMf¥FGH B¢ JPePHYCHCEIGosRens sB?F"Sf?H’H%"“dP%’E’ gt ‘?ﬁﬁ& frgipipies
direct ed genafr@étéd/to%éaﬁ@ﬁ%ﬂmﬁa@&mmaﬂme bulged secfiBn bR dRlca8iprol A8 Rith an

reverse acting rupture disc having an el ectropolished Iine- ‘of -weakness

recess in t heledirepolishedd ogoofod adentificaitivm purpbsest her enbodi nent of the invention
wherein the Iine-g]‘-%&akn sSs.recess has ﬁ-ﬁac%}qjé @g‘g sed, n%rall%f% L. rcul ar
end extrenities; Heg?" BGHAAHPAVIRRGURE FPIEY Vi FEPYHPE dicsc
havi ng aps el gelveReld RB&dln tHeNBsc ih Qe@hrdRaWite SSAFtBGHSbddfné i @ f HeSiGvdrfion

accordance with a fur_t her enbodi nent of the invention wherein thga
| i ne- of - weak mészein the Hae-ofrasalgssscreckss basppated, appesaddgeneraliy\cérdulanchvisies eethe t | es

directed towar ne .another. and wherein the bul ged section of the disc is
provi ded wit ﬁ@#@%‘?ﬁﬂ%‘ﬁ%ﬂﬁ&&%@% for identification purposes; Fig. 30
is a plan view of pg. 8PKeSEIREdd Vitidal Bob-Rcdmae vidANA1AL AR 18k 8¢1T1aBRubsRed
l'ine- 15 of -weakness recess in the disc in accordance with a further

enbodi ment ofavityat praendidfdhe lingtnfiwsakness end lonkingfin thealkmetion ofdhearovisas

spaced, ﬂ)oposed, 91%?5 %lalﬁérs%'ecrtﬁzlé |v1ae%vo a%\;e'mee uglglh}g@gxﬁtary rupture disc assembly in

accordance with this invention;

Fig. 33 is an exploded view of the components making up the reverse buckling
* rupture disc assembly;
Fig. 34 is a perspective view of an alternate form of a support ring forming a part of
25  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.
30
DETAILED DESCRIPTION OF THE INVENTION
A reverse buckling sanitary rupture disc assembly 10 embodying preferred concepts
~ ofthis invention is illustrated in Fig. 32 of the drawings. Disc assembly 10 includes a rupture
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end extremties of the Iine of weakness; Fig. 31 is an enlarged verti cal
cross-sectional view along the line 31-31 through a cavity at one end of

the line ﬁ’gﬁ@“@@%@év. and | ooking in the direction of thg hbdNees®0 Fi g

32 isap ew of a reverse buckling sanitary rupture disc
f

d
assenbly in decBiahd stshbigitiiva 1 ssoyrpd therefey ntheprppfureghisg @5%?%%*% sqgEiP AW of

t he conponent I eV Bk 1al: I “alEl J.
34 1 5 a por SpRpry st byBehie, iy ekl i AL b G PRaRHRAtcal! 2
part of 25 tdiechemfaliigl fdod proasssingbpsratidmewA ceordingty, thd 2pmaouknts of ruBreidisca
graphi cal representati on denpnstrating.that, the reversal pressure of discs
that have an asSeEbly bQ)%"PipﬁﬁfgﬁblV%?@cﬁth COHPE08 I?S&Eaé’égle&im m}SS hés Bpeeng
area of the dj | et sﬁcﬁiﬂi‘é hSA| stRhRSS Wedl Afoya

di sc that gdogésfsflg%lﬁﬁgsgﬁg ieﬁt!é&%% E\kg% nesgl,gﬁnt\t/\%i%tgﬁse%i? not" true W th rogver se
acting rupt urldastilleg-<, Moneh dncanelcardatcel. nRupsire\désa 3 dss a c@orabbuiged gection 16,
DESCRI PTI ON OF ,THE | NVENTI ON A reyerse buckling, sanitary rupture di.gc
assenbly 10 eﬁ‘}ﬂ(ﬁﬁ%ﬂr aélg%pg.ganig.nm%oggo&qﬁozlopﬁﬁ%#gﬁp%ﬁﬁ?rypt@‘gr}gglt ed
in Fig. 32 ofpdridh & B\hd Eliter cidesler A talghl sédfichudes a rupture 13 WO
2006/ 107629 FPCT/ US2006/ 010989 disc 12 and a supportingl4 secured thereto.
The rupture disc debmigegsection I qfauntire dised? has azelativebsmadiregion2? Fighy 3 andi ¢,

sanitary .applications d.n industries. s h e | i i.cal
and 1 ood BT ookl S P PR o s P RGeS bk B ol R P RS ¢
assenbly 10 ajlieredrgaiarsaiabire aidr dxbibite higher easileostieapthrthsn tHeavinaiidéndf tutgedr i al
such as any one 5 of a nunber of conventional corrosion-resjstant netals
such as st ai rieetion 16 e hag peegyfermed by dndspiing theconyenaptace K ard themseturping [ |
Rupture disc.; Ll hul i , d a
portion 18. %?ngagigfl? i gt(rglqé%lglep 2 %ggélantgﬁﬁhéegﬁlvkgrsmg%% 1|oq%2°ry 0 d}?{e%tﬁndgef@ﬁ
portion 18 t Gsnidoeh witharit any signifieant imergiptiond. bul ged section 16. The bul ged
and 10 19) whi oh HUSr 1666en 16 G TERRCENE 114115 QEPGTih ViR o SIS Tetieb SB T The
metal of regi i : iR i

tensile st ren‘g%ﬂucg%ﬁgﬁc%%sﬁéeh F%{n%ﬁ%gger glgl?édt:%eléﬁ%dé% gg%e?ag% %g%gﬁg%ﬁgga%g%lr}{
formed by i ndentplementdh evithdransitios aorectfeaslis dllustratdd frhéig. 22t Iticayi egseethfrom Fig.

L 8 e e S A S ARt

other along the length of transition zone 20. In the embodiment of the disc shown in Fig. 22,

U

20  the terminal ends 26 and 28 of line-of-weakness recess 24 are curved outwardly away from

one another, and are of generally C-shaped configuration.
The backup ring 14 has a main annular body 30 configured to underlie the flange
portion 18 of rupture disc 12. It is to be seen from Fig. 33 that the inner semi-circular edge
32 of annular body 30, has plurality of circumferentially spaced projections 34 that extend
25  inwardly from edge 32 of body 30. The ring 30 may have any number of projections 34,
varying from 0 to 11 as shown in Fig. 33, or more. An inwardly extending tongue 36 is
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

30  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 posikroned
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15 Bul ged section 16 of rupture disc 12 is provided with a sem -circular
| i ne-of - weakness recess 24 that is in the bulged section 16 of the disc

i nboard of raIIy conplenental with transition 2608/01@% 1 S
illustrat e‘@glzﬂm&? B It can be seen fromFig. 22 that Ii1ne-of-wea ness

recess 24 h amwmmanww endfofligeofraeakpess @ﬁﬁé etiand a5t asadckupieie

along the le hown
TR g, 22, S0k da bR SNABe b Bisk PEAAHRATY IRGLE RS EC30E )

are curved ouheprojidcyionsiaré ofusizeind siategitedly located t«admeoﬂ& ugéerhe and sppporsthaped
configuration. The bacgg Ifzsilﬁsqeglm has . nul ar % 30 confL red to

i
underlie the bp}ggﬁgeectlo% Yy esp g?pg °9’§P°1P°Pt may be grovidsf 35 § o
Fig. 33 that Lher ﬂh ula?S ﬁLgJace REgRembl 19?0&5&% ﬁnﬁﬂﬁﬂdﬁi@m rly

pIurallty of “circu rentl prolec ions 34 t at ext end
i nwar dl y fronrientig the ass‘enibbd;lur&(g 1n31h1§atmnng€13ﬁiarlﬁythhamg Qﬁnmaynalsb@rzﬂhaped

prol ections 34, var rom Q t s ., shown in

i nwardly ext éﬁlap?&fn{%‘%@gfélﬂ%sﬁlal‘ 8%3rthe\&oxenﬁ ‘?J%’&ﬂ %fbnn 4 M&F‘e&a@if t
downt ur ned enghtRRGWH)IRayIR: pr@sﬂdeﬁh%@so@faﬁbr?ﬁitﬁ tHeHage fadslﬁoh RAESupPOR Fing efmé
ring body 30." An alternate enbodinent 94 of ring 14 is shown in Fig.

and has an ardinglassemblyly 96 pI’OVI ded with an unitary inwardly-directed

segnent 30 pr |de t.er t i €3138 | ed
conditi OZ‘,Z the an %HSSVC ?PE’BS?%@&%@@ 13 gg %ﬁr{ eg]tsk}‘ts?géﬁgw
of disc 12 b)prévﬁ’cﬁis@rtﬁﬁcﬁlbé@ thin idy wwmmﬁdxﬁelagé olisof thé§dlected wetal. aedldfsm ve
or other equivalent fastening neans. The tongue 36 of backup rj n%l 14 |s

preferably pmuémﬂamm,kmrmgr@l@m fromtthe sheelols: dreforsblys

ternri h&l el Y ckup
fbr the  ni nots &pudint ity el alE T R ARt AR L Figrert ‘%‘9

| i ne- of - mefarrae.ftﬁnpishmd ﬁt@ﬁstagéﬁhlé‘haﬁtsjt ﬁtﬁ%d iavslvéprabelghig oﬁ;;]lm ddsg: 1Laradnanner to
strategically located to directly underlje_ an p t the u ion
16. |f désir derm gyngantation insthe gonvex ﬁofl@d%ﬁs&?féff% agfpg@ﬁg%é as
part of the qp }ghétrcrqt’ gﬂm SirBlc n

i ndividual in [p;élrIH ertpf/)%%gﬁg%g%ﬁ]g t gﬁ%sse f‘ﬁﬁ uring ?Irlgs%v t| onbagthé
Sinmlarly, tlbelgedssgptiodofithydist ismenvadbhaqﬂndmgdmrqnimmdtseQﬁem regiontf thedulgedi | ar

function to the, cg onent 44 .of ring 14. An annul ar gasket (not shown) may
be provided iSFCHRBIRYES AL RO t he f1ange portion and support ring of the

di sc assenbly. 10 ATﬁB&lﬂellBtfb'[ i%rrHiné(én ﬁ%ehtﬁtl&?&fgré‘cféieﬁﬁufe& e RAlin th3 nfetal
corrosion-resistant naterial as revi ousl escri bed, that may be unrolled

from a | a0 ge rupie dist bidnk issshemati yrélusttatedqn Fii- $c It iptocdhekndgsiogd gy thispespiect
laser cut, Orthalf_'%\él scHematlcC%lmplchn oth f?x ejll% 18 Ec))r ius&aat?\lreypurﬁoggs gr'ﬂ? %ncp nét nﬁdnd%d

to be representative of a particular type of fixture for accomplishing the intended result. The

lower base ring 48 of fixture 46, which in its preferred form is of cylindrical configuration,

_ hasacentral opening 50. The cylindrical clamping ring 52 of fixture 46 has a central passage

25 54 aligned with and has the same shape and cross-sectional area as opening 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

30  ofarespective 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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has a peripheral unitary alignment tang 17. Fabrication of the rupture disc
12 is preferably acconplished in two stages. The first stage invol ves

pre- bul gi IWQ%HGISIE'?% disc in a manner to 15 form an inde%ﬁs%hgh@ggshe convex

surface of # ank 15. The second st age invol ves ] Ing of the
di sc under cohniétaltibcbishitrs dsapparthasé rug4s, teeidisa 15 ks damepeddnplese @ndf

the bul ged ti, f the disc,is & ed Qy.returning the,i ted.
Sogrent Pogi BAecHIE fpoRRgE = ShovR hopyte raigkipap spgert s4n B ing o 46
for form ng ap.rindemMdin ¥e AliGaRbEXIRRH of POt ic0US BémRPhdrital fiashtWhathe 20

rupture disc blank is schematically illustrated in Fig. 4. It is to be
under st ood i tertrfinad endbefpeast 60 mapbe squares etossvsactionaliystacshaned.oir any wther desired s

for illusiratiy, rposes only an ot 1 nt to be,r tati f a
part i cul ot ¢ ypmPaeRy T o0 B3R sletat Mchhftitne el eE PERGM Buink e

| oner base rishdacd®6oF dist kiatk €546, which in its preferred formis of
cylindrical configuration, has a central opening 50. The cylindrical

clanping ring 52 &fryndatapre-buigingpsesgure ésinireducpdiniufaurestosda eantralapgning 6% and

has the sane_ s and. cr ossy ' [ . . r 56
cl oses the oﬁ%%ﬁ%?%%é’ﬂ%%?s%%‘%@@gggjﬁ@f" cﬁeg{:jrr%ir}’lrniékg ?’?g%?l%&e%?l %'ggﬁ?ng
58 through thBaefidctid fivei the Mhinbodydl pr&biilgedse EorsiBb Hesddvinvedrd divectiosassiown as
air to escape fromthe interior of clanping ring 52. Al though not

i |1ustral@®d, inFigi 4 T dpthofdes ndensed seementegionel and the gonfzguration/epd extpg of

I i i 2. . f I LYi : 17
5070 22r espaud BRI I ORNEGR of fle GAIRLCOPHOR dol th2HERY blf rddis 10
repetitivel y hemisph&ital éhdtédefbostib0and thé preéssurd fgplisd tethe swfdce G0 of disc Ehmkntfat ed

def ’ection post 60 is positioned within passage 54 and preferably i
coupl ed to almthssaserofepeskdfthaging phomisgherical Gnd;od b indemist seement BElendiRdes 56,

After place . ; : = g 1, M

support basg[?i IrEEIrlleg BIS%QPI%@]Q@?%%&%%PS@ C d;a?;ag%@ﬁi %&%%ép%@%%g%ﬁg&ﬁ ase
ring 48 pbsi to andekndsatiziginihe mairchoalyipogion @ bbof tuhgedispetion 15aViewjag Big. 7,4 dahough
in a referred enpodi nent the ternost .extrem of post 6Q (s

o spher 1 Calbe SeERaRg ds Coplkel BoReat FRIoRBRoR fndRed Sesiembipelsm A8 rgugounded

Cr 0Ss- Sect i'Ofgly| Qég%lt@%eizﬁgﬁ%q ovEl'sh@hd iRAdAR a;{i»?é&f@sﬂo édfaﬂﬁ% ofiwaAdl @3 thee

post 60 is of "a that the termn end 64 rests against the
surface 66 ofindthted sédnzamk repton 68ar Duridg appdicaticn-dfpreysurg tdiss blanke 15 ® prerbulgduced

into fixture 46, vi entral .openin ef fect_pre-bul gj of the. disc
bl ank. 15, wh tiedivsblad A atE faatic et O Beestee bnd £ Vposo ey erchvi g
from t heygrai BaQeeys06iRb Sl chREdih ) in a downward direction as

shown 10 in I@i g.&i. ‘Ilheﬁ%ep h of the é|)I‘r;1hag§gr‘?t3ed segnment region 68, and the

confi gurati on andUprn eemplefion of the pre-bulging step, the cover 56 and associated deflection post

60 are removed from clamping ring 52. Pressure is applied to the concave face 16¢ of disc
blank 15 sufficient to complete final bulging of the bulged section 16 of rupture disc 12 is
depicted in Fig. 9. The amount of pressure applied during final bulging of rupture disc 12
25  should be adequate to not only completely bulge disc 12 forming bulged section 16, but also
sufficient to return indented segment region 68 to its initial position as shown in Fig. 10.
Thus, the convex surface of 16a of bulged section 16 is smooth and uninterrupted 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
30 . 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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such indentation is a function of the dianeter of post 60, the shape and
radi us of the hem spherical end 64 of post 60 and the pressure applied to
the surfacg 70 of disc blank 15. 1In the case of a post_60 havinﬁ a
heni spheri CRAX¥HBA, the i ndented segnent region 68 haBCT/HSYLMMPAP)
heni spher i caftieTitsctbiank BEARs oy setirnipg thaimetalibwniisioriginal pesitiquwith dee Gfiosed
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hemi spheri Caég};ogea%h@&e%ﬁ& B&Vex TRE4 m&@a%écpseaﬁw 18] pslRekal HBth@balBsEdeatidry

a

circular or oval shaped indented portion 68b radiating outwardly fromthe
i ndent ed segaterpredeteymineda®d praseleeted;prapyurd is dnitieted bf tho aessifbe This lnitigiomphink

15 to pre-bul ge .the dise blan air, W thip th avi defi.n b ge
54 and c ver‘reg%rsﬂ&}%@s“?é%@“f Pe5HHonf ﬂb%%fgség" §4a€‘tmc°él¥%ﬁ)yeﬁ &dg'gbq? R%éﬁe}?r%d?ng
ring 52. Upogonafivhloftie@fea®Bbldnd nbt £akefultiof Seoniciy of tHebulged féctioft 16NHecause

associ ated defl ection post 60 are renpoved from cl agn ng ring 52. Pressure
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68b bei ng conpl enent a the clrvature of the opposed concave
convex f acesofshe tyheillustrafediindtigureson9d UeS. PateutiNe £,3 18§576 Ivathithe gaves ewficohba at a

predet er m ned, and pr.esel ecte ressure is.ini.tiated in the area 68b. This
Pt at 1 on o PR ape o ee oggieaids L e RorPBteRt e s o hrin
attri but@bl eod fing RO HOHIChP RIS 8- discORSENMBIPN0GHitH IFoRidRion @8k pRper Not
as a result of geonetry of the bul ged section 16. Because the grain

structure of onignéation ofihe rysembly betwean b fargesowpings duringinstallationtorinsin thatdlie t he
def | ection o £0al 8L 58, 14308 e 13hded Towelth oHSHlsS15A) 1 SRt e VT Y

arm 44 is also a continuing visual indicator that an installed disc in is proper orientation.

In the event an overpressure condition occurs in the process vessel or piping protected

25 by rupture disc assembly 10, which is sufficient to effect reversal of the bulged section 16,
" bulged section 16 opens along the line-of-weakness recess 24 while being retained by hinge
portion 42. The reverse rupture commences at segment 68 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 buiged section 16, the overpressure exerted on

30  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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direction, the resulting changes in the grain structure of the netal causes
the area 68a to 10 comrence reversal before the remi nder of the surface

area of th buI%ed section 16. The nore reliable reversal and full opening
of the bul §'é)d2°g 176280 16 al ong the Iine-of -weakness reREHESPR6Q18983ht aj ned

by the stressi ng" ihhashbbitheibdctadly discovated thatby deeciing @ segmentef véBtwillbiseome
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conti nui ng vi sual Ahrgdemplaps dibd1d2 peeparet 3h atdoedhncl Sthi the ipfef@tedpgocess of this
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ecause of the, nore hi stressed, altered grain structure qof the
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| i ne- of - K 24. 17 2006/ 6 PCT/ US2006/ 010989
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returning that segnent to its initi posrtion to present a snooth,
uni nt er r upt ebulgethseetions of thaclisc, whick hembeenfsubjeeted tes greates steess thanttheoremaining

di sconti nui t e akn str ure in the s nt.region,68. . This is to
be 5 cont r astneth gl 6 bileihfortin §6 bi Rprinelinr e SPRR 0.4 SeEe ipel, THE seemcit
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di stri buti oningh. Thie disodips & neminakiwest prssureefabout 8 psig.

It has been unexpectedly discovered that by varying the pressure applied to the disc

blank 15 in the fixture 46 to effect pre-bulging of the disc against the post 60, the reversal

pressure of the final bulged disc, where the area 68 of bulged section 16 has been indented
25  inone direction and then ironed out in the opposite direction, the pressure at which the disc
reverses can similarly be varied. By increasing the pre-bulging pressure to deepen the initial
indentation in the bulged section of the disc, followed by 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
30  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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Example | An exenplary disc 12 prepared in accordance with the preferred
process of this 10 invention and depicted in Fig. 10 is preferably
fabricated from2 m| 316 stainless steel and has an Ovi'rgfﬁlzé}’da%% ter of
about 2.5 WR@ME4076% e- pul gi ng of the disc 12 as schemat™ PPustrat ed
in Fig. 6 israéssifresshiesdhanisléhe casqwhers asinglsf dirdotion inglentptioryistpyovidedninghe

d i 68 in_t.he di bl 44, h in Fiqg. 6. Fi bul gi f
the. di sc as SEHnT BaresrLRRR P PR pTS  Rger s deemed B g p RN o
pressure of gbowibitdiie RihefficPOtuddiFe %pﬁ&itg @Hlectiof Strds hhrdedinl GPthe Aetdl ahdyht

of the done is about 0.34 inch. The final bulged disc is then subject to
heat treat mefite encemitantpubsiantiak chahge bograinsgoicture.f dn theocase rftacpermanent pither

relieve y residual t.resses in the disc. The outer undary. i 12)
of the et a1 AGaGHRb faepBPE R EEmeRL royerat i e Bl ke BYBSBRa derechy |
has been subjf@e6 veRoOgdnicty. ThugDy préBillginpahé @isean difrenipiaabure totdbeain

bul ged section 16 has a nom nal area of about 0.4 square inch. The segnent
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bul ged secti gn Ol 04e3 | ' . . o re
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25 in one di H%ﬁﬁ%&ﬂﬂeaﬂgr@%g dlsb, AREficRHLss b athiB? |4 Be glaﬁ‘%‘fetrig?ﬂle disge
pressure at which the disc reverses can simlarly’be varied. By | ncreasing
t he pre-bul gi ng pressure PafamdPeocessfor Fabricatig the RuptatelDison i n t he bul ged

section of the disc, followed by ifonjng_out of that indentation  dujing
final bul ging of IHae prefegred procesgef mgﬁ&ewaf-mﬂ%neﬁsrfscqsmaaﬁ\?rﬁﬁag‘enaydlqcr

reverse at aidiohferadlé BRPINE Sne 6F FOLALAI KindiPin 080! sREESHHE HisR! THET O

a disc will reverse I's broa an a aving-a one direction
i ndent at15n materialidtskesbretom of the woess isdhdreforecia wemprebsiomduriny filnetiontl operation wo

stage work hardening of the netal as conpared_ w th single direction,

def Lot 1 on ot (iR 87vise rotetiet Pang MPRIRTLI theokrcal Feakars b Crut indh
har deni ng of ghhe JfRfe@isc oltbosrd dF fhE bflgbAEatidO "l‘hﬂffsm%?@&ﬂhﬂ drthit gRERIL ARt @
significantly w der range of predetéerm ned 18 2006/°'107629

PCT/ US2006/ Ollag89ense witivig ruptute dises sitsfsgbjectad to repetitive and ofiembubstantial yaniagions
direction indentation isg‘grovi ded in the netal. This increased range of
predi ctabl e ?%V?Fg’é‘fepﬁfsé ures is deened in |arge neasure to be

attributzpl e to tRefepidgasiFigl 1444 1tsio\fq1eQ9mi§'F§,q 18Yjef €60 bOAaGérioP shishRESRPI NY
of the metal and the concom tant substantial change in grain structure. In

the case of afssiahisanpliedtreatdeast thecwonenye ibhtted seationrl 6i of thesupturealisc 12evAx sal
of the disc E%exl?pqgljﬁa\(c%gertig hﬂgro%élg%{: Mié/ro&c%) El@&jl?err] 1évailable from the Tolber division

of Pyramid Plastics, Inc., Hope, Arkansas. The lacquer may be sprayed on to at least the

concave surface of the bulged section of the rupture disc 12, although the most efficient
25  process involves submersion of the rupture disc 12 in a bath 102 of lacquer contained within
a vessel 104.

After removal of the disc 12 from the lacquer bath 102, followed by drying of the
coated disc, the coated disc is positioned in a laser 105 to lase a line in the lacquer that
represents and duplicates the line-of-weakness recess to be formed in the concave surface of

30  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 II 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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on force vector geonetry. Thus, by pre-bulging the disc at different
pressures to obtain different depths of initial indentations in the bul ged
section of the disc blank, followed by final bulging of the disc to an

ext ent t o WQ dM6/#762% he i ndentation, the reversal press®&CEISZ06PHES
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is applied to at” | east the concave bul ged section 16 of the rupture disc

12. An ¥Xenfhiarvplueasbould beivthin theastgeaifibout M2 tor B28.0t is prefermed totthe lased
fromthe Tol ber, divisi.gn . of Pyram d Pl astics,.,| Hop kansas. .Ihe
| acquer may Efé’d%‘g?%é’&%b%laf’%“e&twﬁgég?m’f eggﬂ@a&gthg &PF?&?‘&W ets%éec%& Beed
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i nvol ves subnersion of the rupture disc 12 in a bath 102 of |acquer

cont ai ned wi taseeof aboyidQH) in]abouti 480 in.and preferalily abaut 8006 in. 2o shoyh).PPkin.
| bath 102, . i t i '
acquer, bath 102 ok guptl e A e flad e ARG Shifa s RoBREMRL o

and duplixat gsalubeo hssie-thit thelaken ®e4m BRALSSant@r Bmdves MRdlatduet bentatsdby\the
surface of 30 the bul ged section of the disc 12. A suitable |aser has been

found to be tase WwBdees mphexidize theunderdying wetal. Jehaybeenfound i thisgespest that when

Co ti ' | S ' . t

o putsed | SEQRHRCpEREA phibelly e Makl Tl B2 Fom SREH S bed® il
onto the | acqwery thinafesidgurd @0 tierladquer Rasveslyiag prtetihd eelatiodship tb theo@mpedst i on
16 of the 19 WD 2006/ 107629 PCT/ US2006/ 010989 rupture arsc'rrana”™to _rouow
a line 106 cBitassghitheelsbstiat. Ermierably akleish dout P% kgt eliof the laoquer s

Li - of - K : ; | i .1 t
| ne- or -yea > gén %921%;1%@{(% B&ule! hit!thd # é&%ﬁﬁb?&xld&g%nh"i‘ssﬁ t éﬁtﬁ%&%ﬁﬁ%?

is controlle s to about s at a | aser
about 1.4 i nlasgre/Ths godrd thelhsingopeeation is to at least weaken and disturb, and/or remove the

lacquer along the lased line sufficiently to allow for subsequent electropolishing of the
underlying metal while avoiding altering the integrity of the rupture disc metal. An enlarged
cross-sectional depiction of the lased line 106 formed in the lacquer layer 100 on the rupture

25  disc blank 15 is shown in Fig. 18.

An exemplary lased disc is illustrated in Fig. 17 of the drawings wherein it can be
seen that the lased 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.

30 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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settings depend upon the specific |acquer used and the thickness of the
netal being |ased. 5 Heat absorption is the primary reason for varying the
| aser power output. Laser scanning speed is also a variable that nust be
account ed WORWEAKI62% et er mi ni ng | aser power settings. TREYZ0681%%he | aser
head speed, tRerdpRlisherGEPHRACHERkrdbiatonsitsIof Gyl dl@tiopdlishes bessell atmrlrmser
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wherein it can be seen that the |ased line 106 is of substantially
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t he presel ecﬁg%l &Irﬁ% gﬁgf% r ?ﬁgﬁglmn té RS 01123%1‘ pﬁ % %%CH#%
concave f ace npkinilie dhﬁtaeﬁttﬂb Efie- aﬁwedkﬁm rédesd1 16 beZéi lbéstwloemszs% 6CEdds® an
el ectropolishing operation to erode a | ustrous,
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consists of an el ectropolisher vessel, a water
portions 120 and 122 of recess 116 are approximately 25 % of the overall width of the recess.

After electropolishing of the disc to form an electropolished recess 116, the lacquer
is removed with a solvent. A preferred lacquer removal process is to immerse the

25  electropolished disc in a lacquer thinner or other suitable solvent such as N-methyl-2-
pyrrolidone, the principle ingredient of “Microstrip C* available from the Tolber division of
Pyramid Plastics, Inc. After stripping of the lacquer from the surface of the electropolished
rupture disc 12, the parts are hot water rinsed in the rinse vessel of the electropolishing
equipment, and then dried in the dryer component of the equipment.

30 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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container, and a dryer. The el ectropolisher vessel contains an acidic
solution conprising an adm xture of orthophosphoric acid and sulfuric
acid. A suitable proprietary commercial formulation i i from
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| i ne- of -weakness recess in the disc surface is the ability to programthe
laser to fol flasgeal fraf theatiscarpmmpensae etetheipedusegment 30y beasvset dfeangentrsfion PHr
exanple, in B&%H&r t%;c%g Elfaﬂe %68!*811 i S geaﬂ' sgé;mgrft 35$.g‘i'he g‘a7diu82c%’ the2 %he-%?—dwez esg he
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recess 24c¢ of the embodiment of disc 12c¢ illustrated in Fig. 27 varies, but in this instance the
peak segment 30c opposite the hinge portion 42 of the disc 12 is turned inwardly toward the
25  center of the bulged section 16.

In the embodiment of disc 12d shown in Fig. 28, the end extremities 26d and 28d of
line-of-weakness recess 24d are in the form of circles spaced from one another and positioned
on opposite sides of the hinge portion 42 of the disc 12. The provision of the circular end

- extremities 26d and 28d at opposite ends of the line-of-weakness recess 24d serve to direct

30  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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WO 2006/ 107629 PCT/ US2006/ 010989 el ectropofl snedr”"recess' 110 defining the

| ine of weakness 24 has outwardly turned, semcircular end extremties 26

and 28 on opposite sides of the hinge portion 42. In t

out -t ur ned’vq.gf}?é’if%‘?{eqlr erg.d,extrem‘ti(gs 28 nd 28 as sp %T%?S%&E{;‘%%!i éth upon

reversal of 2htha8dtfdinedfiWenkhoss t5pes8 L4GIRRSG %ﬁﬁ@&%ﬂ%e cenfeal portiop PEtE; s

12, the for . . j 5 weakness resulting in tearing of
%g%efﬁeghbﬁ fo hlgti]ﬁ%ﬁ:reﬁng thedo

one or both chann ns 120 and 122 of the recess 116, causes
those forces to heFidi 2% thedibc dD¢ isaf the pamat conbtenction vedisek asshown asFig@ddntl 28

toward the body 30 of the underlyi ing ring 14 of th |
10t hus. pr SRR TRGARCa ARSI TrAgs Ut & GuLaE e 5 SO s WER G B PE on
42 of the dif«ﬁ'fnfeﬁtlﬁghegél}#fage of RR Sy él%b'p&l_isﬂiﬁgliztrtﬁg IRAL FhieOMe WceisTREGENT I al

open portion o ged section 16 of "disc . 10 Alternate |ine of
weakness corfiérugd imtheelestrapadishing eguipmentd I heurifgslogeer the likethgelectrapolished

mbodi t of t i 1 N Ln Ei 25, . t he .end. .ext ] 6
and 26a of sk e aiiisendedon abde 5o ey poe ButhgSA R i o
anot her rat Reyief RARnARIANY out-turned as in the enmbodi ment of Fig. 24. The

end extremties 26a and 28a are located in essentially the sane positions
as end extreniti &sthegltexnative8mbadiment of Fig. 30, the dise 12fimg direrlancavities 265ard?8f di sc

12b, the,end extremties 26b 8b of the _|ine;of-weakness.r ssS. .24b
ar e al o8 ot BhPRET G E e At Biro Rl mirio g PREMER ek 1L 08
vari abl e. | fevid@RiffoRtkhe E438s-tdcinabieplRl REFIS. I10M6 BRlividin] 6t 6caidthuved to
provide an outwardly turned peak segment 30b direct | y opposite the hinge

portion 42 afcentrpbraied area30f. THee capitiax26fendeifelsgservetorditect anddiffisse thedsanias s

recess 24b f.acjl.i S i.n | . i onl
6 upon 1 everGape inpOlA DR oS R ER Bt oBPk oMbl Ploc B RERETE O
fl ange 18 ofthd KifgeiobiiorCARTHE tHe@8ntédl pbifien PLthl belgadssttion 06f dfaliUS€toatar that
concentration of bhending forces at the apex of the peak segnent 30b. The
Fadius bt Rwuld esulbim regmesaition of dheceeaial pocios of the blgsd arctieR( 16 GPeRAE 12
illustrat edtﬂxﬁgeo'?i g. 27 varies, but in this instance the peak segnent 3 Cc
opposite the hinge portion 42 of the disc 12 is turned inwardly toward the
25 center of the T giitaticodfiadasedfor formirighlee linelod icalaiets wpresématiohatiowdnthen i n

Fig. 28, the end extrem ties 26d and 28d of - of -weakness receﬁﬁmgm

lin

are in the FRFIGHGE OF the 41 shgaloeprovids Any e aﬂfcﬁnh@%nﬁﬁd’a%‘é’i ¢ PRetEppo
opposite si -he -hi i : RNe 1S f the
circul ar eng%)?ee%g{ﬁrail Eé%lﬁtlflﬂteﬂsgqgcgga;chg%ogﬁgf&g{)%ggﬁ{%%e%ﬁu%r?g%ﬂé stitface
| i ne- of 2ealofitesliscalveng elddidopolishing ofthellineatwaknessdeatss.f use t he tearing
forces inposed op,the Linge-of-weakness recess 24d. The circul ar en
extromi 11 bs. 26d AH SRUNCE FOBSTRPIA T FUb o B SPLTTIGIS L SemaTBF e o
ends of the gkdv@s%rpc?f th&\@akRpeRshell HS oL RBIKNER W de D) 116Gn HRMuIgASEGRN6 8L ME t he
hi nge portion 42 of the central portion

disc 12 does not change or affect the pressure required to effect reversal of the central portion

) of the bulged section 16 of the disc 12. This is important for a number of reasons.

25 An unscored reverse acting rupture disc of a particular material, thickness, and
diameter, having a central portion bulged to a predetermined height will reverse at a
particular pressure, but the reversed portion of the disc does not open unless 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

30  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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of the bul ged section 16 of disc 12. This diffusion of tearing forces at
end extrenmties 26d 22 WD 2006/ 107629 PCTI US2006/ 010989 " hd' 28 d-6flin k
5 r aness recess 24d inpedes fragnmentation of the centr t] of the
bul ged se®® #9616 uri ng opening thereof. In Fig. 29, F%i"‘g?@g}(’%gseg is of
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the cross-sectional depiction in the individual cavities 26f and
28f have a central raised area 30f. TExampigdties 26f and 28f al so serve to

direct and diffu he _t.eanin fQl.cespd- S n iJe-.0f - wea
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that 15 would result in fragnentation of the central portion of the bul ged
section W6 ohurstyeysrsed presyies eivthe Yraxds andiperceniraof pre-oleepressyes o the Xraxiswilioy! t he
i ne of weakn .epr.esent at | . ' . ' o]
provi de any 8ﬁg1%041§c§nh%lﬁn% %%étgogegérl{leg@ce%s{]@gﬂ%?g g%gllt ?cgtﬁg%s'cg :@%Sfé’g g%\‘gegﬁ ons
in the | acquelecttspalished rez8sstane tidkefore ik suvthdeoihsis@obthe The dztswere bl chatloudile
surface 20 of the disc duri na el ectropol ishing of the |ine-of-weakness

recess. The #fagulgs presspiecd 2AP a6l 2598t foph ) Example 4o Jibe percentagssf pre-aulgs o
g o T ) : [t ST
176 T 1 he bR Gl 8 8 nh Biapk if Ele 3 biated WPpHelBRHIMENIGHREDD

pr essur el eqfindl ddlge presfifrect reversal of the central portion of the bul ged

section 16 of the disc 12. This is inportant for a nunmber, of reasons. 25 An
unscored reverse HR5F REFSTUH iests dleprongtr té“ﬁé’?‘?kémtgwtrﬁ‘teé?‘i%p?h&ﬁgé%ﬁ%ss,

and  di anet eghe1GYIHGed af Eaéh?és rRidd £6n 109969540 relb® daRgof 1 Nt

will reverse at a partic r pressure, but the reversed portionh of the
di sc does noto fphesi, depeadmgi uponsthe presbulgsiprevsdutds  Hnkxpestedly, ba kamples Uafinghi ng

th f the di ich . wh he di i
el ther - nt hEloPGRthed deter AVGRed At HEst Fsiale 1t Brostios o ab discs,ng
opens atea 3QitHbt heEi8kopBlisiRa WoBss! il 3AchAAstAHIS S Rdbntioh tREGAHS 6F 1Ré-bURIHE.

har deni ng of the scored area by the
As is evident from the graph, variation of the percent of pre-bulge pressure and extent

O

of pre-bulging changes the burst/reversal pressure of the discs, and confirms that a range of
burst/reversal pressures can be obtained by simply varying the percentage of pre-bulge
pressure as compared with final bulge pressure.

25 The present process of manufacturing reverse acting rupture discs using a laserto lase
a defined line of weakness in a lacquer coating on the disc surface followed by formation of
an electropolished line of weakness recess, has been found to overcome many of the
heretofore unresolved problems inherent in efforts to etch a line of weakness in corrosion-
resistant materials such as stainless steel and the like. Not only is an inordinate amount of

30  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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score die, and creation of stress forces in the disc adjacent the score
line while the hinge area is not simlarly stressed. As a consequence of
di sc scoring, the pressure required to effect reversal of the bul ged
section ofwd fwee/th7e® as conpared with an unscored di sc PETUSHOEHabl e 23
WD 2006/ 107 6g9umfderhhWBRMH ARG chnSEcidantp@idéfeoMel datgel il ATERE@nQILITRS
things the degree of work hardening by the die, the depth ofthe score
line, the co®géntmus beusadier efch pagicalar metal undergomgrike efehing peocessar i abl e di e
scoring set up i fsonscincl udi "l r Xer t ... during
scoring, tiItingcggﬂ#ﬁégafgmggﬁrﬁﬁgggcUS?%%&®%h§ﬁ%§3%ﬁeﬁg%ﬁgﬁggﬁggkg%
along its | eoaglyhand sHoatdendt b Gdedrinrchmiting sehse o inRipEd ﬂié%éog bh thesfresent
materi al throughout its extent, and the variety of the netal s necessary
for fabridcatinyeption. Qbrieys madifications to,the exemplary empedimentsset (riabo veneoudhbs

35, Che reaul PATGRANE by MERESRNED fo IR oGoRl? Al R, ESSPLELF R focht

stai nl ess staeéntidhscs each 0.002 in. thick are plotted on the basis of 10
burst/reversal pressure on the Y axis and percent of pre-bul ge pressure on
the X axis. Four of the discs had an el ectropolished recess while the other
four discs.did not have an el ectropolished recess and therefore the
surface was snooth. The discs were all made using a final bulge pressure
of 200 psi as set forth in Exanple 1. The percentages of pre-bul ge

pressure on the X axis of the graph in Fig.35 are expressed as a percentage
of the 200 psi 15 final bulge pressure. These pressure tests denonstrated
t hat sanples without an el ectropolished recess, when pre-bul ged at
pressures ranging from10%to 25% reversed within a range of 10 psi to 50
psi, dependi ng upon the pre-bul ge pressure. Unexpectedly, the sanples
havi ng el ectropolished recess reversed and burst at essentially the sane
pressures as the discs 20 without an el ectropolished recess, in each

i nstance dependent upon the extent of pre-bulging. As is evident fromthe
graph, variation of the percent ofpre-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 obtained by sinply varying
t he percentage of pre-bulge pressure as conpared with final bul ge
pressure. 25 The present process of manufacturing reverse acting rupture
discs using a laser to lase a defined line of weakness in a |acquer
coating on the disc surface followed by formati on of an el ectropolished

| i ne of weakness recess, has been found to overcone many of the heretofore
unresol ved problens inherent in efforts to etch a line of weakness in
corrosion-

D}
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resistant materials such as stainless steel and the like. Not only is an

i nordi nate amount of 30 tinme necessary to obtain a recess of required depth
in corrosion-resistant materials, but in addition, the resulting etched
surface is rough and therefore nore susceptible to corrosion failure at
the very point where the rupture disc is at its weakest. Furthernore, it is
difficult to control the fabrication process in a production environnment,
parti cul apWpat Widdimedhie et chant 24 WO 2006/ 107629 PCT/ US2006/ 010989
solutl'tntnld tht;"eteniti'g conditions are constantly undergoi ng change,
and a different acidic agent nust be used for each particul ar netal

under goi ng the etc e ferred forns of the invention

descri bed above ar eAEQesﬁfeggeggﬁd%@% Oﬁ{ﬁglgﬁﬁtl on only, and should not be

used in a |indiehgvelgnsia rﬁ@alllahemeelﬁavﬁﬂga)p@mﬂefa@fs the present 5
i nvention. Oovious_ nodificatjons to the exenp ;a/ enbodi rrents set forth
above, coul d tfé‘er ehasaid yfagasqe!f BiF member ?R’ingll@ﬂ‘”id it apte %&aﬁféubm‘déﬁartl ng

fromthe g f-mé(h@ Pfe%és%r?ﬂsaléi Bx\(eeﬁEé on. 25 What is clained is: 1. A

pressure r eV| conprising: a rélatively thin netallic nenber having
opposed fac es samh«éomg‘ateslalnrté dfareknes redess bendeonfigeredgo praventdtbe outling oin

el ongat ed I|ne of ess fined by a recess in said one face, said

el ongat ed® ?Vﬁépﬁfs%'if@ﬁgasrga? E &ng configured to present the outline

of an over pr@gSlkEof @Edl&éssatreé'e%s ®kinghRANETBE rspac‘é@'o@pd)sleﬂ €hhne\VPBKRARS S
recess being defined by spaced opposed channel portions separated by a

central rwpaeled byawenpiaktelseh crosai ppridorarsmid|chpmet partigntdingobgregieedanst  dept h
t han sai 2. A pressure relief device as set forth in claim
1 wherei gthgrgl \é\@flg p8?n°nweakness recess has an el ectropolished surface. 3.
A pressure relief device as set forth in claiml| wherein sai d | i ne-of -

neakness recess 15 SIS NS UPRRIHIR B 9850 A°GhER: sy heRyiessure
e I'S

relief device As s in c I'm erein sard of

general | ymam&rstraﬂsslhashﬁl@&ctrEpol@hwmﬁw.e relief deV| ce as set fort h in
claiml wherein the maxi rum depth of the |ine-of-weakness recess is at
| east about 70%25% of the cross sectional

3. A pressure relief device as set forth in claim 1 wherein said line-of-

weakness recess is substantially W-shaped in cross section.

4, A pressure relief device as set forth in claim 3 wherein said crown portion

is of generally inverted U-shape.

5. A pressure relief device as set forth in claim 1 wherein the maximum
depth of the line-of-weakness recess is at least about 70%+25% of the cross sectional

thickness of the member.

6. A pressure relief device as set forth in claim 1 wherein the maximum
depth of the line-of-weakness recess is at least about 70%+10% of the cross sectional

thickness of the member.

7. A pressure relief device as set forth in claim 1 wherein the maximum
depth of the line-of-weakness recess is at least about 70%+5% of the cross sectional

thickness of the member.
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t hi ckness of the nenber. 6. A pressure relief device as set forth in claim
1 wherein the maxi num depth of the |ine-of-weakness recess is at | east
about 70%40% of the cross sectional thickness of the nenber. 7. A pressure
relief device as set forth in claiml wherein the maxi mum depth of the

| i ne-of -weakness recess is at |east about 70%% of the cross sectional

t hi ckness of the nenber. 26 8. A pressure relief device as set forth in
claim2 wherei g sai

passi vat ed el bt r opPronug g et ay et RFRCh MR RRCIAGEET S S
forth in hhaofiwdaknbsredess istacpavdiviitdd eiéctntobehshbd mrfaet- weakness recess is from
about 0.002 in. to about 0.1 in. 10. A pressure relief device as set forth

inclaimil vvherei n the width of the |ine-of-weakness recess is from about
0.0 10 in. bOUtAgyr&&Q‘e r@llef]d13v1c€‘a9rs@tst%l’lﬁ€in reflithef wHeMdirCe amidedr horth in
claim1l whereln the depth of the channel portions are substantially

uni f or m t hnesofgeaknesshreceseisdgtom alfout AH02 ac ésabouti®] i\ pressure rel i ef device
as set forth in claim1l wherein the width of each of the channel portions
of the recess is approximately 25% of the overall width of the recess. 13.

A pressure reljef d&\ﬁr&@u@&eﬁ&'tdef/@étab sétfofthah MalmVih@herelh Saivldifedfahé i C
menber has a bul gf@ portion, said |ine-of-weakness recess being provided in
g

the bul geline-pfoweakaessaecesnis finm ahqut 8.0k ib &y 2boy0.030 i essure relief device as
set forth in claim13 wherein the bulged portion of the netallic nenber
has a convex face and a concave face, said |ine-of-weakness recess being
provi ded in thH. conﬁq;rsstﬁmcreliecffdevhe amsetaﬂohhdn ekt elr wh&ﬂ&in the plepthsafrtie r el | ef
device as set forth in CLaI m V\A?erel n s é‘)“o weakness recess is
locat ed aHRRRRIROTIoRs arssbsientay ariteruthraneRe trolfreh T B TRt ol 1 o
menber. 16. A pressure relief device as set forth in claim1l4 wherein said
| i ne-of - weakness recess is of generally C shaped configuration. 27 17. A
pressure relief2. pretpressure pelsfidevice angnt ifgimr claim & ndeteirpthermeidtl ¢fi eaclmat er i al
presenting @ fcﬁa%?n’el 8(r)quions of the recess is approximately 25% of the overall width of the

recess.

13. A pressure relief device as set forth in claim 1 wherein said metallic
member has a bulged portion, said line-of-weakness recess being provided in the bulged

portion of the metallic member.

14. A pressure relief device as set forth in claim 13 wherein the bulged portion
of the metallic member has a convex face and a concave face, said line-of-weakness

recess being provided in the concave face of the metallic member.
15. A pressure relief device as set forth in claim 14 wherein said line-of-
weakness recess is located adjacent the perimeter of the bulged portion of the metallic

member.

16. A pressure relief device as set forth in claim 14 wherein said line-of-

weakness recess is of generally C-shaped configuration.
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a layer of resist material applied to said face, a predeterm ned area of
said resist material being eroded such that a residuum of said resist
material exists in said area having a thickness |ess than other portions
of said layer, said residuumin contact wwth said face in said
predeterm ned area. 18. A pressure relief precurser product as set forth in
claim17 wherein said resist material is eroded along a predeterm ned
line, said resjgduum i capiark pihleSRbdlict {@fSistlgng sai d predeterm ned
line. 19. A preésureprgﬁ?e? prgcursgﬁﬂprgduct gggget forth in claim17
wherein said ageesef metaldc immkeriaspresentieg addcenapnda general |y C shaped i ne,
said residuumin contact with sai.d face, al ong sai.d Cshaped.li.ne..20. A
pressure reliet Paﬁf’re?: fedlsh M treﬂ?jluad)tp'h%%_{%%at‘d _?%F’t%pﬁeﬁetﬁlingpﬁ‘ri@a\Rf‘léarlgir??lsgai d

pr edet er ninaRelalebAAE Grile utls tHadaMREiduiin S id RSist mafeMaBlkils BYsadd hdger . 21.
A pressure relief precurser product as set forth in claim17 wherein said
sheet of having # ithicknssselesathan athes pottiage @f soid tlaxsn, saghregidgpmdatcontarthwith er oded
area being.j . i of the nmetallic sheet. 22. A pressure
relief pr%%%?@%%nﬁﬁgﬁhgﬁgggggérg?orth in claim?2l wherein said bul ged
portion of the sheet of nmetallic material has opposed convex and concave
faces, said pfse.detgréﬂ%sg&% il ch%'r&P. P@ug £ PRtV fn Jléﬁﬁ?l?“wh%&"ﬁ}?l&ﬂ of
metallic material. : pressurée re Pe evice conprising: a relatively

t hi n et atekiscmaernbleis diededradorgpp predetefmined lingrseidofesidaurd ifi @aomactokith betd menber
bei ng pro%jded W t h gﬁ elqn%g{ed line of weakness defined by a recess in
sai d one Psealongsaidpeedetsygainediling ne- of weakness recess being configured to
present the outline of an over pressure relief area of the nenber, 28 said
| i ne- of - weakness recess bei defined by spaced_.opposed side wall surfaces
joined by a bofgrom FESSEE e é{re%‘éieHPE%P?g‘i?e?F Bcfrﬁ“[ ’i’i‘eﬁ?li“hl\?é‘fh-e%é‘h%‘gss
recess haykigOmarerihURlerQida adHyf Ae&hetdIR! GRhdpRaTink SsatPredfd8aheh doh@b: wiput 4

m croi nches of average deviation fromthe nean surface. 24. A pressure
relief dessidfacaslosgsaid Ershapddiingl ai m 23 wherein said |ine-of- weakness

recess has a lustrous surface finish that is no greater than about 2

m croi nches of average deviation fromthe nean surface. 25. A pressure
relief device Hbonpri Presgure relief precurser product as set forth in claim 17 wherein said

predetermined eroded area is formed in said resist material by a laser.

21. A pressure relief precurser product as set forth in claim 17 wherein said
sheet of metallic material has a bulged portion, said predetermined eroded area being in

the bulged portion of the metallic sheet.

22. A pressure relief precurser product as set forth in claim 21 wherein said
bulged portion of the sheet of metallic material has opposed convex and concave faces,

said predetermined area being on the concave face of the sheet of metallic material.

23. A pressure relief device comprising:

a relatively thin metallic member having opposed faces;

one of said faces of the member being provided with an elongated line of
weakness defined by a recess in said one face,

said elongated line-of weakness recess being configured to present the outline of

an over pressure relief area of the member,
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a relatively thin metallic nmenber having opposed faces; one of said faces
of the nmenber being provided with an elongated |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 over pressure relief area of the
menber, said |ine-of-weakness recess being defined by spaced opposed side
wal | surfaces joined by a bottomwall surface, said surfaces of the

l'i ne- of - weakneggy mﬁ‘ecmemgmgce%s b&HéHERﬁ&! tgugﬂa@erdeoﬁﬁoﬁedsﬁd@wah%aﬁaceabout 6
times snoother than the surface finisSh netallic menb

pressur e jowed &y albotiae \%l seface, cﬁatdwsurfacvzﬂ ﬁ tnl‘na imewﬁe\reekwss a¢c@ss ha’vengoa -
Weakness glt(r:o%é SHI%CG £ nl]Sh ?ﬁa'i?uﬁo ?ﬁr éb%l f n’rlcr m%ﬁénsoofa Rpegazg 8deWaHgf?

snoot her Than t surface f1ni
from the mean surface.

24, A pressure relief device as set forth in claim 23 wherein said line-of-
weakness recess has a lustrous surface finish that is no greater than about 2 microinches

of average deviation from the mean surface.

25. A pressure relief device comprising:

a relatively thin metallic member having opposed faces;

one of said faces of the member being provided with an elongated line of
weakness defined by a recess in said one face,

said elongated line-of-weakness recess being configured to present the outline of
an over pressure relief area of the member,

said line-of-weakness recess being defined by spaced opposed side wall surfaces
joined by a bottom wall surface, said surfaces of the line-of-weakness recess having a
lustrous surface finish at least about 6 times smoother than the surface finish of the

metallic member.
26. A pressure relief device as set forth in claim 25 wherein said line-of-

weakness recess has a lustrous surface finish at least about 8 times smoother than the

surface finish of the metallic member.

29





