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| NVENTI ON Field of the Invention 5This invention relates to a valve for
control | iwg 20lomsvmsd pressurized fluid | eading froma cortirnsdoanssiand t hat
is operable to relieve an overpressure condition, as well as to allow fl ow
of fluid along the path thereof in response to a pressure relief conmand.
The val ve includes a val ve body provided with a fluid passage and that is
adapted to be nounted in the fluid pat reverse buckling rupture disc in

h. A
the valve body is in normal BIIekPRGGIIATEBNSALYE 0 flow of fluid 10

t hrough the val ve passage. The disc, which is oriented such that the convex
surface thereof is in facing relationship to the pressurized fluid, is

capabl e of reversi ng whenBACKE@ROEIND ORTHEENSEBNTIONd over pressure
conditiqn. A selectively actuatable device carried by the val ve body
adj acentli¢ldof tsdpesationr f ace thereof is operabl e upon actuation to disrupt,
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val ve bedyfipaissagmd that is opeFibls to fehievesal srermpésiiercabliyios eivas! & tehiddw FluRct i on
in which the disc reverses and relieves a predeterm ned fluid overpressure
condi t i &h fluighalpee the petehergpdintpspensseiogrresiedelisiclopmandy dihsbiabretincledasse t he
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di sc having a convex-concavo central section, have | ong been enployed to

reld eve tpuglpibesaliedasvaei Thodisc.oxtish ismyiened\suels Blat thgsanvexrguiresthesatiisng

froma fi.ne fea.. Th nvex.f .of. the rupture disc.has been. di sposed
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t hereby opening, and allow ng the pressurized fluid to escape fromthe

conf i neddieey theEpavaxrsupseathiapiie sparelle uprnaghvasan to distells witheutipnsttaneg: the
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bagkup g¢eopgngRtalvk®ody Passhapt ured central section of the disc have been
nmounted in the overpressure device 30proxinmal to the concave face of the

disc in di spddiusitenvalee prefeeridnsravesyduahtintion imivrlaclsdpaisstréemseohind tebicves
reverseq cenlral asction ol Lhe disc nomthe peripheral flange portipn
to cause the disc to reverse and allow flow of pressurized fluid through the valve body at a
selected lower fluid pressure.
20 Description of the Prior Art
Protective overpressure devices, provided with a reverse acting rupture disc having a
convex-concavo central section, have long been employed to relieve overpressure conditions
existing in vessels and conduits leading from a confined area. The convex face of the rupture
disc has been disposed in facing relationship to the fluid pressure. When a predetermined
25 overpressure condition arose, the central section of the disc reversed, thereby opening, and
allowing the pressurized fluid to escape from the confined area. One or more knives were
provided, in certain instances, adjacent the concave face of the disc to sever the central section
of the disc upon reversal in order to assure full opening thereof. A variety of backup components
for the ruptured central section of the disc have been mounted in the overpressure device
30 proximal to the concave face of the disc in disposition to be engaged by and minimize separation

of the reversed central section of the disc from the peripheral flange portion thereof.



2 These prior art devices have all been functional to relieve a
predeterm ned overpressure condition, and were not operable to selectively
reverse awoopaEomk a predeterm ned fluid overpressure ®Cgriskooantsiy | ess
than the withstand pressure of the central section of the disc. The prior
art is also replete with valves that utilize a shiftable device for
penetrating a 5 rupture disc to effect* opening thereof and thereby rel ease
a pressurized fluid froma confined area. Included are darts or sharpened

menber s that &FE BiG3E deriges pavs sl ey BnenabiodeheieauypdaiHaipRdsqyerpigssure
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Pi ston-1i ke nenbers have al so been provided that are 10 shiftable into and
t hrough a rupthgmeiogps és dleo eplede ithyakics Hyt tHbresshifteils devies fasepeteatios at ype
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7,143,776, and Publication No. US 2006/0137742. O her valves rely upon an
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flow of pressurized fluid along a path leading from 20 a confined area.
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passage. The rupture disc has a bulg%% central section presenting generally
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i s operabl e upon selective actuation to di srupt, wi t hout puncturing, the
di sc t 04203l eh79.68, and 08 M8of the central section of the disc is
initiated by the pressurized fluid in the valve body passage, thereby
allowing free flow of pressurized fluid through the val ve body. 30The

sel ectively actuatabl e devigigviMgkydes TRISSINVERPPIenMeEnNber nornal |y spaced
fromthe convex surface of the disc and novabl e through a predeterm ned

di spl acenment Aupgne aqredtiedfor cndrda9/10597 3pRSTIA8ID0D40858 bathIeadmeiigage
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acting) rupture disc is mounted in the valve body in normal blocking relationship to flow of fluid
through the valve body passage. The rupture disc has a bulged central section presenting
generally opposed convex and concave surfaces. The convex surface of the disc is positioned

25 in facing relationship to the pressurized fluid. A selectively actuatable device is carried by the

body in disposition adjacent the convex surface of the central section of the disc. The device is
operable upon selective actuation to disrupt, without puncturing, the disc to an extent that
reversal of the central section of the disc is initiated by the pressurized fluid in the valve body
passage, thereby allowing free flow of pressurized fluid through the valve body.

30 The selectively actuatable device includes a shiftable member normally spaced from the

convex surface of the disc and movable through a predetermined displacement upon actuation



A pyrotechnic charge is associated wth the shiftable nmenber and is
operable to shift the 5 nmenber through its predeterm ned di spl acenent upon
i gni ti on wo 20tvesedsar ge. The central section of the di scPCeEse@essWU6 a
faster rate than novenent of the nmenber toward the disc upon initiation of
reversal of the central section of the _disc. The shiftable nmenber is
novabl e al ong a generally rectilinear ﬁath of travel at an angle with
respect to the proxinal égragfe of the convex face of the disc, or along a

cur vi | i A2&ReaBa T CoNHenBY alfecs iechapical Aispupaipn dharefyethous PosHBIPE Sl ong
10a pat reagxﬂgarlrgé Y Tﬁ@sh?@?d{b hB@ABe r&g}a@%ﬁﬁ rd hmnggbgﬁgﬁdl ﬁo%itm to enge%%elsg ias

preferr odi ment o e I nvention, e rever ng ruﬁ%ure
of one phemavaehatacantthchventllsgatbnadnlig dikc.secti on of the disc has a segnent
defining a discrete rea%&n,in whi ch the netal of the segnent has altered

grain struct dr@TPREINIGRNTE; if assgrialed avithythe shifiahle membssandiapparplie ishall thef t he
ne I ; P
Cocti on epes e et Ao bbbt Bty 0RO E 3 Bharll HEREA Solon,

convex sfitikalise rartsct b fastacaehiranevaiier bethe eftinbal toseed ihedisefupbhmithtiea are

snoot h and of unjinterrupted configuration throughout the entire area
t her eof Of feversalcnf ity acpalsegfinal thredipi Ty shitablsimenkar és meyabdmelpes s eapetlaat er

resi dual.. S4: T ' 1Ll ope he. hi gh

e O T A

sect i ontigfdisd)er dosga atirvilirathBkr BirBodt &gses, 24 SBRtdble RERCH! iPH oohbl&kohEE
Figure 1 is a perspective view of one side of a valve ftor
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IS a vepldee aletd hAS SreSRedddaRlral\we €V rOdf thO 8isY hyesdoptedndsiing anlsttd gidhong
the line 4-4 of Fig. 3 and Iookig% in the direction of the arrows;
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of the central section of the disc are smooth and of uninterrupted configuration throughout the
entire area thereof, including the segment defining the discrete region having greater residual
stress. The actuatable member is positioned to engage the high stress region of the disc to effect
initiation of disruption of the central section of the disc at the discrete region.
20
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of one side of a valve for controlling flow of pressurized
fluid along a path leading from a confined area;
Fig. 2 is a perspective view of the other side of the valve shown in Fig. 1;
25 Fig. 3 is a plan view of the valve;
Fig. 4 is a vertical cross-sectional view of the valve taken substantially along the line 4-4
of Fig. 3 and looking in the direction of the arrows;
Fig. 5 is a vertical cross-sectional view of the valve taken substantially along the line 5-5
of Fig. 3 and looking in the direction of the arrows;
30 Fig. 6 is a horizontal cross-sectional view of the valve taken substantially along the line

6-6 of Fig. 4 and looking in the direction of the arrows;



4 Fig. 7 a horizontal cross-sectional view of the valve of Fig. 6
with the rupture disc assenbly renoved, Fig. 8 is a vertical

cr oss- secwoanslosyisew of the valve simlar to Fig. 4 andrdirage@omsiscal |y
illustrating the selectively actuatable device in the disposition thereof
that woul d cause di sruption 5w thout puncturing the disc, thereby
initiating reversal of the central secthion of the di Sc; Fig. 9is a
vertical cross-section view of the valve as shown in Fig. 4 and showi ng the
central sectiféh bf hoHEOHH) ¢gess-restenad &ip ek henyplyaipt bifte 6dwik theyrypture fdigel y
open posid.l esult of disruption of the central section thereof by
tﬁe sﬁi ?%%%%Zhrﬁeeé Fig. 10 is an expl oded view of the reverse buckling

rupture di scFig siaekemiclicagsassanabties of 1R vaiveBintihe 16 Bipt 4aed dibgamanehllyhat
has a backup segnent positioned to be engaged by the central section of the
di sc upohustiatiag hgpelegiyclysenpigbledadceipihe Gsroshion iyt Mol cerssdiswjinges
t ha: bac i L . i NN tar rQss-Ss i gnal vi ew of
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engagenment WFid) dibe vealtdbyobRsRtion vieheofths ¢alvass stowmin Fig b kbhdshoWing the
Fig. 12 is a fragnmentary cross-sectional view of the selectively actuatable

devi ce icPPitAdseciion ed thenailgqd reverse buakbing suptusalisson isdully epeagrogiicads paeiuiti on;
Flg. 13 OT?isﬂ#tirog%?ﬁ{%tc%ﬁ%ales,ﬁég\%zrlgtlﬁ%reéfbgt'h%%%iﬁt%ﬁ]%ss_ ggtional view of a

portion O e structure s ‘Cir%rerillustratingthe

di sposi tion qxﬁ%u b& mhtixplodbd GietRTER e dcbuckihddaptue: cﬁ@ﬂ'@%@cﬂcﬁ?'ﬂﬁn@ aStosfatéat i ng
engagenment with the convex face of the rupture disc; ig. 14is a
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di srupti'ng, turi
sect i onbadkuphithgdi SC; Fig. 15 is a fragnentary verti cal

cross-sectional viewsimlar to Fig. 14 and showi ng the 25pivotal device in
its di sc-di sFigtl ip Pemnartan cross-sggtignaldew of tia selrgiviseat tipgabdpdaridehavingew of
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caspri sipg4a spring actuator shown in the un-depl oyed position;

Fig. 12 is a fragmentary cross-sectional view of the selectively actuatable device
illustrating the shiftable member thereof in its actuated position;

Fig. 13 isafragmentary enlarged vertical cross-sectional view of a portion of the structure
shown in Fig. 4 and better illustrating the disposition of the shiftable member prior to being

20 moved into disrupting engagement with the convex face of the rupture disc;

Fig. 14 is a fragmentary vertical cross-sectional view through the valve body and
illustrating an alternative pivotal selectively actuatable device for disrupting, without puncturing,
the disc to effect reversal of the central section of the disc;

Fig. 15 is a fragmentary vertical cross-sectional view similar to Fig. 14 and showing the

25 pivotal device in its disc-disrupting position;

Fig. 16 is an exploded perspective view of the valve illustrating its component parts;

Fig. 17 is a vertical cross-sectional view of an alternate embodiment of the present
invention comprising a spring actuator shown in the un-deployed position;

Fig. 18 is a vertical cross-sectional view of the valve of Fig. 17 showing activation of the

30 spring actuator; and



Fig. 18 is a vertical cross-sectional view of the valve of Fig. 17 show ng
activation of the 30spring actuator; and WO 2010/ 059282PCT/ US2009/ 055816 5
Fig. 19 iwoaowarsbiseal cross-sectional view of the val veprofi/dSe@9/0i81ehow ng
the spring actuator in the fully depl oyed position. DETAI LED DESCRI PTI ON OF
THE DRAW NGS 5The follow ng description sets forth exenplary enbodi nents
according to the present invention. It -is to be understood, however, that

t hese enbodi nents are pr.ovided by way of il|lustration and nothing therein
shoul d be t aké® Hs1S# V?fﬁf%laftf?%r?eﬁt%%}/tfﬁév @Fé’la["es‘tfo%é- bF shveng e metinsi.

Tur ni ng 1. OSt i{he valve 20 of this invention has any one of
a@%}é’totr %Efegﬁlly %edﬁl?&%gﬁyggltstﬁgﬁ.

a nunber uses ng pressure froma confined space when that
pressure exceeds a-predeterm ned value, and for effecting selective rel ease
of pressurized fluid upon conmand rmof valve 20, as depicted in the

.. One fo

drawings, is especial [JERAEFRPESERIBTION QECHRE RRAWINGSt er nal | y- t hr eaded
ne 22 of a 24, i i cQnyv i i iLfJon,
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vessel 24 may be oriented other than upright. An O-ring 25 is provided to
ensur e allesiigiign endjRethgathersay shouk bafaken 29 a dimejtajies sepn %zp oxgzall, gcope of Hel udes
a tmo-phg&gmggdy, broadl y designated 26, having a cylindrical upper section
28 and a separate cylindrical |ower section 30. Lower valve body section 30

has an ext er Malrhiyig hbwaadad. 1 ane? MBSHalPpOrE bOoMisIAvdniah hiSarddapioEd numbbeof
t hreaded i nto neck 22 of vessel 24. The externally-threaded | ower portion
341Gbf  upises for padeasipiginiersiiesfon 8 conbredapacst when that presspee exgegstsadredsteymmined

thread eq%b\%} %Qggﬁe&e@{iﬁ%%?éclﬁ)(/é %eﬁéa?@%%%g#é&ﬁ%eﬁ fﬁﬁ(ggﬁ&} CO%’IGI{IQI}:SL | W%rrrl? gtd Walye

section upper segnen per y Section 'S adapted to

be coupl2edad dpittclipPicedaaites de kspeeially hidpged (60U BAE (e iRl alIpltRicAdedor
the like, that |eads to a respective suppressant delivery nozzle. The | ower
val ve baggk 3beta wysd@4othopa) aybeing imasorventionad uplighy ppsisisage adaptedie certhinough

h 25 | bally-aljgned with a fluid fl 42 t.h h.val ve bod
sect i on ogireg ety @REEH b P prifrlairWpBRET ERRset s dad ot
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comuni cates with passage 42, but is of a snaller diameter, as shown in
Fig. 4. afluid-tight sepl hegweansalwguzdianidrigsselipt. uY dvel2@ nchsles s tyopiect bedd biqadhyor mal
bl ocki n%egigrlm é[:d %1, %Q\i/igg ta%ylindrical upper section 28 and a separate cylindrical lower section 30.
Lower valve body section 30 has an externally threaded lowermost portion 32 that is adapted to
be threaded into neck 22 of vessel 24. The externally-threaded lower portion 34 of upper
20 cylindrical section 28 of valve 20 is adapted to be threaded into the internally-threaded upper
segment 36 of lower body section 30. The uppermost segment 38 of upper body section 28 is
adapted to be coupled to a suppressant delivery line through conventional piping or the like, that
leads to a respective suppressant delivery nozzle.
The lower valve body section 30 of valve 20 has a fluid flow passage 40 therethrough that
25 is axially-aligned with a fluid flow passage 42 through valve body section 28, that is of
essentially the same diameter as passage 40. The suppressant delivery segment 38 of valve body
26 has a passage 44 that communicates with passage 42, but is of a smaller diameter, as shown
in Fig. 4.
A reverse buckling rupture disc 46 is positioned in normal blocking relationship to

30 passages 40 and 42. Disc 46 has a circumscribing flange 48 that is trapped between adjacent

margins of upper valve body section 28 and lower valve body section 30. Disc 46 has a central



30passages 40 and 42. Disc 46 has a circunscribing flange 48 that is

trapped between adjacent margi ns of upper val ve body section 28 and | ower

val ve bodyogemiisers230. Di sc 46 has a central WO PCT/US2009/055816

2010/ 059282PCT/ US2009/ 055816 6 concavo-convex bul ged section 52, in which

t he convex surface 54 is in facing relgtionship to the pressurized fluid in

vessel 24. In one enbodinent of the present invention, the bul ged central

section 52 of disc 4$ s é iG (Fig. defining.a dlscretg regi on
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a ¥ rcunscri ﬁnr?@neliaa Aaping7ingx0Aad aibackupwiare S\ ateelerogs %eéwaﬁhe erBoYssi st

in for ma sec gejbpu@(egg{dfs% orpfé g}ﬁe[pﬁflﬁlrp%%%%f ‘3 s%%ﬁf Eﬁ rm slegts an

val ve body p1 Ns erate wt I'ng grooves

43, 45, 1@Vdidl§f7e>éft@{dﬁ@ flafigd ISBlinat5ﬂmcf~§dnsa£sda (iU§ it fange Blﬁged @&i@l@ﬁt jyehd, to
ensure proper orientation of rings 50, 51 and disc 46 when installed within
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in lower body section 30. An actuator assenbly 64 is received in passages
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device. In certain embodi ments, the pyrotechnically fired thruster

mechani #iatied saihinivalee bedy Zced with a sol enoi d- type t hruster mechani sm
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protuberance 58 communlcates with a smaller diameter passage 62 that extends to passage 40
in lower body section 30. An actuator assembly 64 is received in passages 60, 62 and secured
to protuberance 58 by retaining clip 66. Actuator assembly 64 generally comprises a cylindrical
25 actuator body 68, through which is received a thruster mechanism 70. Thruster mechanism 70
may be a METRON actuator available from Nobel Enterprises, or other similar type of device.
In certain embodiments, the pyrotechnically fired thruster mechanism 70 could be replaced with
a solenoid-type thruster mechanism, particularly in applications where activation speed is not

critical. Actuator assembly 64 includes an elongated rod or strike pin 72 that extends through

30 passage 62 into passage 40 in lower body section 30. As shown in Fig. 4, strike pin 72 presents



a blunt outboard tip 74 that is normally | ocated adjacent, although in
spaced relationship with, the convex surface 54 of disc 46 when pin 72 is

in its nonoactusbmd position. Thrust er mechani sm POQTIGS20000638¢€d i n
actuator body 68 and secured in place by threads 76. The throw of strike
pin 72 is limted by retainer 78 that i.s threadably received within 5

protuberance 58. An 0O-ring 84 is disposed in a recessed portion of strike
pin 72 t revent flu thin vessel 24 from ng the valve. through
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out war dloyte amtibyobpacRinglpyug IPethefugh mhidh eteendarpair bORap e s 96. Upoisiaeaidncal |y
shaped passage 104 in which a shrader valve 106 is disposed. Passage 104 is

i nl0commehestitroncahprifme Optieexnend spéseneadigires 94286 paitieneddyishiachambeas6s hown
in Fig. 1g§11teg>yg(ltg(9m déogm.ﬁgx%ﬂ@%?' cHat eeéo"&gﬁé"fiﬁ%ﬁﬁp%rtg tl%e a%tua't'é% \ffon DOre

106 may e outtit a press r'e gauge hat e pres re of

fluid wat Bigwipagsgde. 46 caiigln éadseimedds, tR)hidey sidftchiodigslacement of m\i@m\S& ve
body section 30 al sg@fpresents a IateraIIy ext endi n fill C;)ort 112 that may
be used (a8 GORgERdyEt §@11<eznn\xmﬁbtewéeea@§wte6d0fabewdl e pnd pistearhlnabom Jof

val ve zgm}xh rsee9< taifed b%g)or & pg%%cﬂug‘u %nﬁg P r¥ k% f:orpt%t% andr & ?an}i dl%fol qf

general 'y cy r|caI i nsert

parst pl wgikd 1;& azrtﬁez@by oAlsing setilens eltonet tohhe@dﬂ@ebécypceﬁcdmraed strike rf@ptﬁlre discl |
port insert 116 is essentially a check valve that presents an a first
passage 4920 that comunicates with a second passage 122, the first passage

120 presenting,g, dhReel Liah daleRasthan Jde,di #rt tenc%%%toﬂ%gaﬁ&l%uan et er

passage 122. baI aving a S grea

of the bbliglelBRagongeSitGokts 0di ;&9&%@% fadideddonidaily lshzméﬂ%aésag@lm il®hiend
operates to bl ock comuni cation between first passage 120 and second

pas sage shiadenstabie 08es flisnpsgdpPesssae L04nistin pmnpa@yagel WOhampry & pleseryige a

0/ 059282P /U82009/ 55816 2 er e flui §sur thin
i st pad8dgd?t %O“fni g@o |1?1lg%el% %&a@ﬁyaf“:lcewﬁ%r 81 4%y fod!
uni di r e¢tovRRal, bf)feol’@%a}t bidb d)efcfu‘ilmetdh@ltfﬁ 'a'ﬂwé@@xret g9k 8o 1 thdpRsduiReod ﬂ'MYﬁr
val ve body section passage 40. A fritted check disc 126 is provided at the

end of baihén nasdagspiPcwidtvesss! %mﬂ@emnpp@dent bal| 124 from escapi ng second

passage 122 i%(vlern gal'f/el l!)cley sgctlon 0% %so presents a laterally extending fill port 112 that may be

used to charge vessel 24 with the desired fluid after installation of valve 20 thereon. As shown
25 in Fig. 5, fill port 112 comprises a generally cylindrical bore 114 in which a fill port insert 116
and fill port plug 118 are normally disposed and threadably secured therein. Fill port insert 116
is essentially a check valve that presents an a first passage 120 that communicates with a second
passage 122, the first passage 120 presenting a diameter that is less than the diameter of the
second passage 122. A ball 124 having a diameter that is greater than the diameter of the first
30 passage 120 is disposed within fill port insert 116 and operates to block communication between

first passage 120 and second passage 122 when the fluid pressure within passage 40 and vessel



5 An auxiliary port 128 extends outwardly from | ower valve body section 30
and presents a generally cylindrical bore 130 therethrough. As shown in
Fig. 5, awpl2op/E8%2is normal ly threadably recei ved w t hiroThise@9obh3316
However, auxiliary apparatus, such as an auxiliary pressure gauge, may be
coupled to port 128 in place of plug 132. A passageway 134 communi cates
fill port bore 114 wth | ower valve bog& passage 40 and auxiliary bore 130.

10Vval ve .20 may be used.to rel ease pressurize | i d om a confined ace
b ough 24t Fower Tk T d MRSt B B Br S ubtir 41 B Fgt e aieadia,
Val ve ?%eﬁhﬁ@orﬂ& AMiddesi AL ALY DI RIA] £6Mk! 1A ﬁﬁgﬁg@&e danges B}é%ﬁ&%a‘% re

conditions wthin vessel 24 through reversa rupture of disc 46 should
such an sestenpassgu4@ A& dmithdicheck s ttioprexidsd at thdersd ofibewelrld@pposifelplupgl 18

rupture disc 46 |.s able of withstanding the |ower, pormal fluid

pr essur &3 PHHVEH h\}égg 93§ aPIRE FCCONE PA§SaE g%}p%mé fﬁﬁn%é Yﬁ@@ﬁect ively
opened when r i fd Wi o i : i
onbodi ments oF o ey pYL T AIETRMLARM M Ryl VRS LB scolith SEARents o
of fir e acgeneefly eslindricalippreeXi tharedppaghat As showalih &vg.f3, avwplof 132 suppmetiyant
agent therethrough in,resgonse to a pressure relief command. | n certain
enbodi mékeadabiieceyedsdtiinbetg 3 @ Houen R HX 8y ARPHREES] HEh RSANGENSRBIRERFSHE a
det ect or, rood i S i i i

20appar S FET PReolFE At SR et RRG 120, Wb ey IHPEOERERAR s Tl e
In its mportrvele 1 Linwal tavedr edlve bolly gassadd 40undasixBlaembort 1361 9. 13, strike pin
72 is shown proxi mate to, hut spaced apart from the convex surface 54 of
die 46. As pradvs SUary dbsivied do rslepse Biesairized Hnddrare acenfingdspaceghyopgh petive

rovi ded .\, & =S e ' 1N s j.n
St ruct ara e, Bf Rl BRattha fuig B BRREI R0 YA A e oA
strike prdtedtiop agdmsi/ darigsrodis Spegechsipe wontdhioas tathibuésselol4 theogdh RYersslegident

56. When actuated, tip .74 engages segnent 56 to initiate reversal of disc
46. Hows\rspre of dise e shopild suqianaycaeieig spadifioncene (oaxid. Phus, gveese pgckling
effecti tal. P ' ] 4 d, vessel
24 by bi SR ErATE B ABRYAEH Sl R ARRTN ol BEARRR e B S

corsdi ti ao(capdtes of beifg sEle@URIYPERBEM Ftheh @F18Ade] IhdVbieBiuliz¥@ SISkl is2M3ired. In
30requiring the release of the pressurized fluid, an electrical signal is
t r ansni cewan eambadimeatsor! the seaptyneationndlepilis martqdyin theflowmash ef tire or
mechani sm,7/Q via |lead wre 4 6. ~Ihe el ectrical .

2010, osSonneGebetrobbEiutl Al A RRsh FELboR aestihrretupughda resgonse
cont ai nesl anpiekiufe edlaThRinfond. her elitaiadmabsdimgnts] tHeNfrepiufe 38 idf WRHrANis
extended position as illustrated in Fig. 12. |In certain enbodinents, the
speed atuighiagipalbygeneiaidiyy agletectdwa priser logatpdwhintieapagcia vdpeeitic sfppsension,

preferably | ess .t 1100 ft/sec. By limti the speged. in this fashion,
ik o ngriraBRE ol BORr Ll SEE srlebd Bl ok e BREGENER 55 Lpon
openi ng are mRiE nbghalath-Yc@el deffigirhtidd) Gs BhéewS e ERNUACtELKE PR B Isl p8wRi N

end 100 thereby causing strike pin to advance along a rectilinear path
t owar d Preximaistierbat spased apaliexmsihe cageexsariageddcoltisd 4ft oAcomviausly nhiedewi t h.

Strike pin.tip,74 is of. a,rounded shape,. .as opposed.to, conn a. sharp
ot nt - dein s Bs i HH95E Pt ERR e RPSRER G SR B A e 28
di spl acen®ey praePfthReire Mah hCRPVEXi S binfpdE Geedniss. sHdfd ehRAIméRN, ffikesh tip
di sruption thereof w thout puncturing disc 10 46. As shown in Fig. 8

st25 ke pitns ABpassdhankiowtd {p. disneipoyching ssauseisSta Bgfeprastiatedn tinf74t dngaghiss c

s Undestauan s e Ve BRI SITBriPrpr e thac BReneHg L FRiPeY he: cby
bl ocki ngot sc fib @We@fvely tinthihdiR REREAER fhdd PrclehiBHSIaBhot MO MaskestcP 2yl to
open. blocking the flow path to passage 42.
Upon detection of a condition (other than an overpressure condition within vessel 24)
30 requiring the release of the pressurized fluid, an electrical signal is transmitted to actuator

assembly 64, and specifically, to thruster mechanism 70 via lead wires 94, 96. The electrical



Strike pin 72 inparts sufficient kinetic energy to the disc bul ged section
52 such that 15 when conbined with the force of the fluid acting upon the
di sc conwe® 81vdsease 54, disc 46 reverses and opens. Mor ecparstecowbsmsisy, the
force exerted on bul ged section 52 by the inpact of strike pin 72 coupl ed
with the force exerted by the pressuri%Fd fluid is sufficient to initiate
reversal and opening of disc 46. In certain enbodinents, the central bul ged
section 52 {everses at a faster rate than the novenent of strike pin 72

toward diee! BBUEHIECEHING Sheresm dorontaeiadraithin ghambyey 88 daqrelyradyencing, fjung pig |
openi ng @f; di i Is : 1 Lo 0 20%
opent 10 8o Ahpy iR S EFREYPR Mol 0000 s S RARIKLINR, B hOEAE, 20"
whi ch t Ivehichi the fitinglpiabdanads is &sk yhahehessed afisoundppréfeeabli 1RO tHant1he0 ft/sec.
assi st ance. of . act uat or aa;enbly 64 to a tolerance of+ 5%9. However, in

cert ai n niBtingeht Lot in iiseiPhPigringiod e ptrsdise e avbaagnematimeofidisi d
S A A R O A S e
bet ween caixing stdke Fin% advahbealoag & ekctiingd pptheswadehofuptiie dide s6nveR RA-fATRIE

particul arly about 33% of the rated burst pressure of the disc. In certain
embodi m8AE §0BE 1tp gOTHAG dhsrewithy BEke B il (f 1s ob paorndgd shapai asoppeserdy comaing

achi eved, i i ft | SoRarl Q. 7Y e o | Nyt dj hown_ in

Fi gs. 1?1§?h%?3#ﬂﬁé{§%§@W§@}§H§§§§}ﬁ%ﬁg&ﬁggggﬁgggagﬁﬂﬁggﬁg%%ﬁﬁﬁﬁﬁ%ﬁg@tat an
obl i que camgttevitietatvey surfaee SH e Julffidiehtfid offedpatshuptibh ohtgévRAERAGRMcARIngMgkc42.
However, it is wthin the scope of the present invention for protuberance

t
58 0and éélt daskewn indigd oiriés e ZraTvhesreliodions s ped ¢Bisassfpinyaten of thetgesc
per pend ‘bﬁ%'feﬁ rsec?lrcn(’:li @g,gb%{t lﬁ(gcl[s o P%qgggtsrd%s%gép ?énhetrgg Wis (Esrc’élée}%tlﬁnlaetglge{biggszﬁggihz 64

may be confT gur e S cont s rupt ur _ _

por ti on 7@fcotlaeirpls ol tROGHERK S @CBeRBy blobkiQp eheeTWOOH fBAInto PhdshdetNind 72
is novabl e toward central bulged section 52 in generally tangenti al

rel at i onaiye the dserw &l towpPace 54. In another enbodinent, strike pin 72 is

5 novable to central bul .segtion 52 in gengrally perpendjcu

rel ati onshi pm?grﬁ(g ﬁ%zg llggﬁsa%gggﬁl%q%eglﬁremrgg%O g‘re Cgﬁgalﬂl%ﬁdaﬁef@%l % ?‘Ebﬁf‘%}n of
triavel , wWhenicombideyiabkie fobceSdf thk gluid BctéligSEpoat thedisdedhvé:t surpRalkeastispaignt .
In the case of disc 46, strike pin 72 is shown contacting the disc

proxi mateversgeapd epassr Mpseparsiegadntthe®réarxeriad pabbliged exttion 62 by thesimpattoft he

f other di t . ti di. t .56 trik i
75 ey cOtate TenouRd ol BR P et B 4R BRA uoR, BRER UG b b el
secti onyReHPaddpeingGf ARE @61 B cekridint dibddth &g $he ceBMalBuldddi sB&idn ™ i §esat or

near its weakest point, less kinetic energy is required thereby reducing
t he |i ket a fastsdrathinan ghermieenping of girilse pin 19 tewers! diked @ivgan initiatinh at eversal of

t i quration sel.ected, .t hi ful selecti
opih s ng Bonode TS T s PR S isn AR P e SR ERR 5 ok & P
in the sa{EEflh) &CHE AhedHukNPrERNkeoV@etREc §¥PRhE g%swetaba%gwwaisé%ufl ui d

wi Il need to be 15sufficient to initiate reversal and opening of disc 46.
Rever seatigolalitally revgysaans! dpice wihomtihdessistanve dedtuwatdrassengeyd4 ia cwlaancscor e

[ i i k that .is. | i te..the tr. it 138
bet ween} T Aqde 8 AT GEd R S5 ¢ REPaTgie Gt S arpiorasicies Gicor
act uat 08 H6HHVMEE RAChHANSRChaIPSNE B St kSesing. ?@stﬁth{‘i SEhURRYR

surface 54, the disc bul ged section 56 opens proximte the ne of wedkness
2@35I eavitWlbomming o therdist istAchigeepairtichweenladoued 32t ed theaafed duge pdBsurépdHihe

openi ng .of the disc, hipge porti, 140 is orted by flange 53 of backup
ring 519158 g nggﬁéﬁﬂﬁﬁgﬂyd§PVb§§24Oﬁgwﬂﬁﬁﬁﬁgﬁﬁﬂﬁﬁﬂyﬁbﬁ{ﬁ§t S%ri%éﬁF@B by

passagesmBQdinttatscRtRPesthifvetBioh Fufl 8hchifs QURG 4f6|n@eggﬁ acRie R iR HOMRe D5 h9- 9
In this manner, flange 53 assists in preventing undesired fragnentation of

disc 46msk¢. wi || be appreciated that other types of non-fragnenting reverse

buckl i di be . _.
uckiing r uDEnu{h% emlb%glsmenr;?ghovgn in Figs. 1-13, protuberance 58 and actuator assembly 64 are

30 positioned at an oblique angle relative to the fluid flow path through passages 40 and 42.

However, it is within the scope of the present invention for protuberance 58 and actuator



25 enployed with different score line configurations, such as discs that
forma plurality of petals upon opening. An al ternate enbodi nent of

t he presewd 220rwsmseon i s depicted in Figs. 14 and 15. Geoerusbéog/osishe val ve
20 is configured as described above. However, actuator assenbly 64 has been
replaced with a swi nging armactuator 142. Actuator 142 includes a

| ateral |y extending toe 30segnent 144 nfigured to contact, but not

puncture, conv urface 54 of rupture disc 46. Shifting of actuator 142

al ong a SGFPHY hiade PERERdiFT Fapfieboriy ﬂBVH&gé Fyfther, peiflepr %%ﬁﬂn@ps PFAEY WO
2010/ 05 gﬁg{ LUBSPR : j : : S
known tgggﬁoserof sk?{%égﬁ%?ﬁgkggﬁgﬁgﬂggﬁgg&g%%ﬁgggnggélgﬁhgﬁg?%Cgﬁggtoe
segnent stfdcetd. ilnpae embodivesnt,sstifcagie 734s movable towat! camed] heiged rbabnr@nh of
t he present 'nventLo? | S depicted in Figs, 17-19. This enbodi nent is very
sinilargFWW@h@ﬂ@%ﬁﬁalﬁkﬁPn WraxeRgace 34 olngngthesempgdigsnt. s¥dke Pip Soisi ng
5 tua S | Lt 4 4 d

o1 o Ubor Syage g M an Tl BehATlib) B25H oR R B el PRRRTD Yo AL

t he for serfgertdr Regardbegs dbhihdstletivardiededon shraliinis@réfenblzito Isaikgeke fies aeort hat

woul d act upon strike Ein 72. Thus,_spriﬂg,actuator 146 is particularly
suited P EhysekespBrint all Grscash alflisch - mtidks Bin freéhshavensortagtiagibe disg

itself 1 C C ' i1, 7 teor r ' ul.ged
oo on PR RELER SRSl P s MR, IR Gl eulagd
146, a nel picbangihy al @rgepsndings egheht 66,08 pinCEMBAE cosnertat dkchy atibeatiagt i on
of arelatively smal| notive force in i actuat or 146

| t t. S
gdfer al [Qvarsismicaleat the bygedsechiprivhers @Equq%i? mafgrial hsrfégéglg‘?@ﬁt- Jetrildng the digef or ce

out put [..NQ: J | j: uat or .. nd
cutout JEUSLIA Sl Rk, RoUghos. A850) S 600N ;48 AEI4RLAF At
pr ot ubesike §id82 byillreme Mhadise! iIp vfatevinactlfiongdsedblyaddnpPigsia@bn t84ctbd to
contai ned within inPut housi ng 148 and adj acent a profiled piston 156.

Prof i | edciieversypcessfl slecErviepmaiamddischpghe Ieuigicln suprdicd Ar Pouisatinhondie ng
150 i nt q..ar real | . 160, .. Profiled.piston, 15 t ai
10, s e R WREEROR doRrEl \ELISROARR s PrRLLLERa TR 1) def et oL

head of spfifiefeht Rdnpiattreterddné opérandst @isdwd.| owed- out portion 166 in which a
spring 168 is received. Sprin%ﬁ168 al so engages.ﬁlunge( 160 so as to bias
profiled 20Rsvesobuckbag aigupdissdémayd® rapeaded withe seradrcalr gsiose line ardigei s

mai nt ai n 1.t hi o) 8. by.a retai,ni ring,170.,.,A washer, 172
over|iegFgF%%mT%@mgﬁggéﬁ%%éf.vgq§%@i%%é%ﬂ%&%ﬂ%ﬁﬁﬁﬁ%PM¥@ z%ﬁefgﬁp _ugggond
washer detfioh 52 Peo ¥igled). I0bcasachiRti6R OPRh@ii6r Abenibly\8s BeT cohtadt betwREDtiid g
surfaces agai nst which main spring 176 coil ed about profiled piston 156

exerts a2 petdiec ennysx pgiase aAdbe diseOulgederction b6 prenspreximate thipbne ¢fwaakaess

-acti yat ed itign,.balls 1 ide i i £ 25 178 .f d.i
adr ar PR SRR Al nipS Redio 148 2B 1 Budterdes (g Rgninh ot BRS¢ hus
prohi bi bbign 380 fstduporefd H3I14AGES53 éﬁ%ci'&lgb HRESPO rlﬁﬁidte@cée{pﬂ%sﬁ&h GBS th&fheh

t hereupon by main sprin shown in Fi Upon acti vafi on of

t hr ust etherflsvhpath gras@ged %ﬁ/ 1%«1?&2@69 A, BBcaviertdhist 4 tadeldardund fhinge dhasddwvnhier eby
A M R RN TR AR L A
di recti g apgie€iarehi thit &fer types of non-fragmenting reverse buckling rupture discs may be
25 employed with different score line configurations, such as discs that form a plurality of petals
upon opening.
An alternate embodiment of the present invention is depicted in Figs. 14 and 15.
Generally, the valve 20 is configured as described above. However, actuator assembly 64 has
been replaced with a swinging arm actuator 142. Actuator 142 includes a laterally extending toe
30 segment 144 configured to contact, but not puncture, convex surface 54 of rupture disc 46.

Shifting of actuator 142 along a curvilinear path may be effected by use of a latch and spring



300f profiled piston 156 conpresses spring 168 and causes orifices 178 to
align with recessed portions 162. As a result of this alignnent, seats 180
force balwe 6403501320 recessed portions 162 WO 2010/ 059282RST#0I82300/ 055816
12 and out of engagenent with the seats. Wien in this configuration, balls
164 effectively lock profiled piston lﬁp and plunger 160 together to
prohibit relative nnvenent t her ebet wee Further, with balls 164 out of

engagenent . wi.t h s n_ s 6 mhlch to,this point has b en
indes camsheus o S 0 py e Fra B kR wE ot ey Bttt 86 st Wger
160 5a$$@§l§ft}én€%{§§egﬂ1ehtt144%5'11%5&cBQyﬁrﬂer@e‘ y body 26 and into contact

wth strike pin . Fig. 19 illustrates spring actuator 146 in its

fully deployé@tmneﬂmr@nmo@smnmnfbbspeamﬁ1aﬁmuanumdspcsﬂonfﬁ5ﬂ]dnﬂ9pﬁbﬁlIed

i ston 15 re no Ion on each tr |n 72 has
P ont a0t SR CBaIRS 0t Soas GF Srbstimes! hSe e En T a0 16 SaRiPeleares and
openi NG ,6fafohfelhtem 1R Hh B oA kiakQh a%ﬂl@td?%é’segl%l éﬁgtupé’raﬁ'?e%s ceher

than a thruster nechanlsn170 whi ch enpl oys a pyrotec nic charge. Spring
act uat orfurkcdiénio§ tlprspungiaduwwzt Héais pd warsslatd the déree penetatpdby SirdBé mdvhtnismy Obe

connected to a ur ce . of surj zed f|UId such. a ressed air.  or
ni t r ogedtt prgwd?]i%rge& fogee whlifi BFLOHROD, RS PGP ?%2%1"@& gstuajey) 1A o,
the pre §chh%ﬁ? ﬁlfu'téél'fgx: tHESE aPﬁléaﬁ#)hé’iﬁ RA%‘ijc Rrug@f fsc g%m ﬂ]?ncﬁ%g%tgesl%milgdf

comuni ate the inter I nput ou5|ng 148 vi a pass

The pr esscase sttike pin mccbstaumptutrmmsdnbxdgecblﬁoracm fd tviithnhgiegtived 25d of darsé.ng
the piston to shift toward valve. b -rings 186, 188 | ocated on
actuat i &Y VRE HRINEREI3FA\ 18Rt atfﬂét%%ééé%ﬁ infezae fqrm BUPHOFANCRS BRCFE] Bt Hheot her
por {1 NSy SR leNyBESHAN Mot Torce inpue O Of skill in the art woul d
appreci ate ot her actuating spring actuator 146, such as through

t he use of aS@ﬁhgmauﬂorNhﬁxﬁ&aﬂgcmhhawpaﬁse@hmuﬂuﬁﬂmgon8ﬂﬁanbmeane&Mn
limted to the 20 above-described enbodi ne activation,

spring aémapaﬁpuahmlsww SBe Inpug o 45ds F@%dpﬁo@@%@ﬁézﬁéﬁé%an%mmé@é@ for
reuse. lhﬂ%ocr ngsl%bt 'dllgput@loﬂﬂggﬁ?%lg%i%?f géﬁg BARGKsd %%ta%igg%%pé’ui ng

150 t here ressi mal n spr un er I'le

piist on h&ﬁm&ﬁqxgmhﬂﬁaufmmﬁanahWﬁhmdnpnmanﬁﬁgﬂm@mkih@m&nﬂgpﬁﬁmxaﬁdobaﬁ$s 164
have passed seats 180, balls 164 becone displaced from 25 recessed

porti gn ];?rq feod prstondisg cxispds batwaep ivpuHipusing ééga%owpbﬁhq@agﬂﬁgélﬁﬁ an gigulagpy | gg
168
sht %%%rg'i%h% g@agéfgg%). Proflel ‘ﬁ%&?ﬁ% &frhaﬁ% behﬂgﬂitgaotf'ré’&s%dﬁ} %Iﬂsﬁ;‘gz an

both pis arere eir ini 0SI as shown in
Fig. 17 confMr@b0éRRIBAPEHY. UB20O SppSI6d piston 156 contains a hollowed-out portion

166 in which a spring 168 isreceived. Spring 168 also engages plunger 160 so as to bias profiled

20 piston 156 and plunger 160 apart. The head of piston 156 is maintained within annular region
158 by a retaining ring 170. A washer 172 overlies ring 170 and effectively closes off annular

region 158. A second washer 174 is provided so as to cooperate with washer 172 in providing
surfaces against which main spring 176 coiled about profiled piston 156 exerts a force biasing

plunger 160 toward strike pin 72. When in the un-activated position, balls 164 reside in orifices

25 178 formed in annular region 158 of plunder 160. Balls 164 rest up against seats 180 thus
prohibiting shifting of plunger 160 in response to the force exerted thereupon by main spring 176.

As shown in Fig. 18, Upon activation of thruster mechanism 70, firing pin 88 contacts

actuation piston 154 thereby shifting actuation piston 154 toward valve body 26. The shifting

of actuation piston 154 causes profiled piston 156 also to shift in the same direction. The shifting

30 of profiled piston 156 compresses spring 168 and causes orifices 178 to align with recessed

portions 162. As aresult of this alignment, seats 180 force balls 164 into recessed portions 162



13 W Caim 1.A valve for controlling flow of pressurized fluid along a
path leading froma confined area conprising: a valve body provided with a
fluid paswegeiczseksadapted to be nmounted in said fluid pathusdossiers p
buckling rupture disc carried by the valve body in normal bl ocking
relationship to flow of fluid through ﬁgid passage, said disc having a

bul ged central section presenting a generally convex surface and a concave
face, with the.convex surface thereof in faci rel atjqnpship to.the

o easur FBLAUT PUTEAEGHER AV ECER ol omiR (i SHIRUEhc B Babte sbrohyel Irekbody

in dis i1l : ACH t r o : I i of
e i S0 LeP BisfoH 25k hheEO UG opchits 1R BE1abP pfeFPREA 186l R0 O

t he di sdutthemmithtabnl64 tnatof cagreseht with tdats BOnhmal speimgtli76,whith tddisdhosiet i S
initiated the pressurized fluid in said passage to allow flow of fluid
t hr ough %?IFI gg%vwr FITPEGEon, 805 AP Feconbiagh Pﬁogquhplﬁtﬁn cho%i #d1plupgrari&in
said deyi j H fobakd I convex
it ace oF T He ReRET AL EYAN By T Rab SRRy oBERREr ST S

di_spl acenent Fupd® idottrsats spring acengaddotihéts dolhy doployadfimmeioan A fdheet seen,

mechani cal disruption thereof w thout puncture of the central section.

203. A vafiatiepspisien | ‘bﬁ%ﬁprpﬁ?eémaﬁt% b36 3ip P Engedaicantagl et cack ofher. orrikeRinng a
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central tisgataly ®8connected to a source of pressurized fluid, such as compressed air or nitrogen. Upon
detection of conditions requiring activation of valve 20, the pressurized fluid may be delivered
to ports 182. The ports 182 communicate with the interior of input housing 148 via passages
15 184. The pressurized fluid acts upon the head of actuation piston 154 causing the piston to shift
toward valve body 26. O-rings 186, 188 located on actuation piston 154 prevent the pressurized
fluid from escaping into other portions of spring actuator 146.

One of skill in the art would appreciate other means of actuating spring actuator 146, such

as through the use of a solenoid. Therefore, the present invention is not merely limited to the
20 above-described embodiments.

After activation, spring actuator 146 may be disconnected from protuberance 58 and reset
for reuse. During resetting, plunger 160 is shifted back into output housing 150 thereby
compressing main spring 176. Once plunger 160 and profiled piston 156 are sufficiently shifted
towards input housing 148 and balls 164 have passed seats 180, balls 164 become displaced from

25 recessed portions 162 thereby separating plunger 160 and profiled piston 156. Spring 168 shifts
profiled piston 156 into contact with actuation piston 154, and both pistons 154 and 156 are

returned to their initial position as shown in Fig, 17.
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presenting a generally convex surface and a concave face, with the convex surface
thereof in facing relationship to the pressurized fluid; and
a selectively actuatable device carried by the body in disposition adjacent the convex
10 surface of the central section of the disc that is operable upon actuation to disrupt,
without puncturing, the disc to an extent that reversal of the central section of the
disc is initiated by the pressurized fluid in said passage to allow flow of fluid

through the valve passage.

15 2. A valve as set forth in claim 1, wherein said device includes a shiftable member
normally spaced from the convex surface of the central section of the disc and movable through
a displacement upon actuation to engage the convex surface and effect mechanical disruption

thereof without puncture of the central section.

20 3. A valve as set forth in claim 2, wherein said member is a rod having a blunt end

engageable with the convex surface of the bulged central section of the disc.

4, A valve as set forth in claim 2, wherein is provided a pyrotechnic charge operable
to effect shifting of the member through said displacement thereof upon ignition of the charge.
25
5. A valve as set forth in claim 2, wherein said member is movable through a
predetermined displacement sufficient only to effect disruption of the convex surface of the

central section of the disc without puncturing the central section.
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includes a s @I it al%l Vali® arrsb $el forth in claim 2, wherein said member is movable along a path of

travel of from about 6 mm to about 12 mm.

10. A valve as set forth in claim 1, wherein the rupture disc is of one piece metal and

15 said bulged central section of the disc has a segment defining a discrete region in which the metal
of the segment has altered grain structure that exhibits greater residual stress than the metal of

the remainder of the central section of the disc, reversal of the central section of the disc being

initiated at said discrete region thereof.

20 11. A valve as set forth in claim 10, wherein the convex surface and the concave face
of the central section of the disc are smooth and of uninterrupted configuration throughout the
entire area thereof including the segment defining said discrete region of the bulged central

section.

25 12. A valve as set forth in claim 10, wherein said device is positioned to engage said
discrete region of the disc to effect initiation of disruption of the central section of the disc at said

discrete region.
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second pressure less than said first predeterm ned pressure to allow flow
of 11 uid al ong saic@npat syrface thereof in facing relationship to the pressurized fluid; and
a selectively operable device carried by the body in disposition adjacent the convex
surface of the central section of the disc that is operable upon actuation to
mechanically disrupt, without puncturing, the central section of the disc to an
extent that reversal of the central section of the disc is initiated at a predetermined

15 second fluid pressure that is less than said first predetermined pressure to allow

flow of fluid through the valve passage.

14. A valve as set forth in claim 13, wherein said device includes a shiftable member
normally spaced from the convex surface of the central section of the disc and movable through
20 a displacement to engage the convex surface and effect disruption thereof without puncture of

the central section.

15. A valve as set forth in claim 14, wherein said member is movable toward the
central section of the disc in generally tangential relationship to the convex surface thereof.
25
16. A valve as set forth in claim 13, wherein said member is movable toward the

central section of the disc in generally perpendicular relationship to the convex surface thereof.



15 18. A method as set forth in claim1l7, wherein said second
pressure is no nore than about one-half of said predeterm ned first
pressure.wo 2010/05989. A nethod as set forth in claim 17, pamarsesos/osssie second
pressure is no nore than 20about one-fifth of said predeterm ned first
pressure. 25 16

17. A method for controlling flow of pressurized fluid along a path leading from a
confined area comprising the steps of:
mounting a tubular valve body in said fluid path;

providing a reverse buckling rupture disc in the body in normal blocking relationship to
5 flow of pressurized fluid along said path, said disc having a bulged central section
presenting a generally convex surface and a concave face, said central section of
the disc being operable to resist reversal and rupture thereof under a
predetermined first fluid pressure there against, said disc being disposed with the

convex surface thereof in facing relationship to the pressurized fluid; and
10 positioning a selectively operable device adjacent the convex surface of the central
section of the disc for mechanically disrupting the convex surface without
puncturing the central section of the disc to initiate reversal thereof at a
predetermined second pressure less than said first predetermined pressure to

allow flow of fluid along said path.

15
18. A method as set forth in claim 17, wherein said second pressure is no more than
about one-half of said predetermined first pressure.
19. A method as set forth in claim 17, wherein said second pressure is no more than
20 about one-fifth of said predetermiried first pressure.
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