WD 2010/ 059282PCT/ US2009/ 055816 | MPULSE ACTUATED VALVE BACKGROUND OF
THE I NVENTION Field of the Invention 5This invention relates to a
val ve for worbrgsszshg fl ow of pressurized fluid | eadi nPGTYEANR/055816
confined area and that is operable to relieve an overpressure
condition, as well as to allow flow of fluid along the path thereof
in response to a pressure relief connand The val ve includes a valve
body provided with a fluid p gﬂ@fﬁ qﬂ§pted to be nounted
inthe fluid path. A reverse ng rup ure sc in the valve
body,is in normal bl ocking relatlonshlp to flow of fluid 10 through
t he val ve passage. The di I i I that the convex
surface thereof is in faci C&@#&ﬂﬁgﬁéﬁftﬁgbsgﬁg%g ssurized fluid,

i s capablmgelabrfiYSfenti®t When subjected to a predetermn ned

overpressure condition. A selectively actuatable device carried by
the yal ve bodyhédjeantion reldtes tcewvlefﬁfcmgmtadbngﬂmv eﬁﬁeassrlmgé}uacbllcedlug)ﬁmna

actuation t i sr gturin i sG.to

o or s tapttalaegBl vl st R RSN et fudeR AT SsIO ap o
flow of fdffiufl alighthepgh tHehdf tadeynbo@y Pastegdief commandl Mg, valRandiaded @
pref er abl y serves a dual function in which the disc reverses and

rel i eves valvgbederayidehwih p fluidpasspas yrdehalis adapish in e reonntsghin the fhd pale A
t
sane ti m%exﬁéfée%cgﬂg%ﬁﬁthl\é% % it Uﬂ?ﬂﬂdﬁgéﬂnﬁ%{é lgo Vl{;xf%/rg!a %a*‘ﬁ at§ ﬁg%?ﬁmd

and allow flow o ressuri zed roug
sel &¢t ed throwglr the valivel psasss Uhe dis2 Odsle fsi qnitehmdn surh thdteheRroneex Arface thereof is

Prot ective .over re, devices ed vm reverse acti

Fupt ure o SETRAHAGRS IS e eop Gl carabBoh feBHSIoR U0 whgeist ana
enpl oyed pEé?lefeﬁhin@d/@ve?M’éisﬁfe%ﬁﬁdiﬁ&l O QP Sot@atdbid dede bﬁlrn&&&stﬁk $alPd¥bdy
conduits | eading froma confined area. The convex face of the rupture

di sc has 2dieesnt e sproge srfage tharsohig opeshie ipomahiuptiando dismipt, Mithentprecsyingethe

Wen a pdsg?c%]eﬁnr eﬂ?tﬂatr@éeré%ﬁ’@’tﬁ{ﬁ&lg[ga?na‘ié%&f}ftﬂégp‘% i é&éﬁngfvhgglé&fﬂé&%kﬂmd

section O I SC reverse

pressuri zlﬁdugfﬂtuedalb@b@qﬁaﬁgéromthe confined area. One or nore
kni ves were p tal n i nstances, adjacent the concave face

er
of the disc tgﬁ Vak‘fﬁ@r% ARl sFrvesaquabmngontmuhighdhe dissgpvarsss andghieves

order t o0 ,383kAnhtd ﬂlm@@?é"‘jn@&ﬁé?:%ﬁ&ﬂfm AvnYiahi tRe %ﬂﬁl&%@&ﬁ@elgﬁ%g'ﬁ&%ﬁble
for the ruptured central section of the disc have been nounte

over pr essuraiselthei dige ®Opyosd anal alloy flowe of presavized Huid thfouglh thedvades hady at a

di sposi t| ed by and m ninmze separation of the reversed
central ﬁt?é)lﬁwglfﬁ?lﬁé’geéfw% fromthe peripheral flange portion

t hexceof Descrlptlon 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.
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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
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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;
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substantially along the line 4-4 of Fig. 3 and |looking in the
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nmovabl e badkapemgagenment with the convex f ace of the disc, as shown in

Fig. 11 is a fragmentary cross-sectional view of the selectively actuatable device having
a shiftable member movable into engagement with the convex face of the disc, as shown in

15 Fig. 4;

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

Fig. 13 is a fragmentary 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
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Fig. 19 iS a venlihfabw &/08619860] tﬁ@aalve@wtm irvBRHAaY BnPbnefdfd nuhber of
showi ng the spring actuator in the fully depi oyed position.

1 uses for releasing pressure from a confined 3pace when that pressure exceeds a predetermined
value, and for effecting selective release of pressurized flvid upon command. One form of valve
20, as depicted in the drawings, is especially adapted to be connected to the internally-threaded
neck 22 of a vessel 24, shown as being in a conventional upright position, is adapted to contain
a source of pressurized fluid, such as a fire or explosion suppression agent. It is to be understood,
15 however, that vessel 24 may be oriented other than upright. An O-ring 25 is provided to ensure
a fluid-tight seal between valve 20 and vessel 24. Valve 20 includes a two-piece body, broadly
designated 26, having a cylindrical 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

Ieads 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 samme 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
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20 The lower body section 30 of valve 20 has an integral cylindrical protuberance 58, that
is at an angle with respect to the axis of passage 40. An outwardly-opening passage 60 in
protuberance 58 communicates 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
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assi®&t imf fmmrrmgﬁrshamm 7@-the @mseﬁ@ads Qfécaﬂe@lrﬁ5r96pﬂfmq§lt@ngcbwﬁhlawg@nm 86
and Iomer or

correspo n%P rt%gg]}eésc ﬁ%gé 96)21 gﬁ%og I@ﬁ%ﬁ%%g 900 {I%nﬁr I??n %@%B%ic uatt (9 pd) Sltlgn
fl ange 48s slio@@pﬁ(ﬂig v2] Ih cetrtainanshiodEnegmks) fhethiowi o fikedr Idﬁpla@émdﬂt BYSrimdpin §8

and disc 46 when installed within val ve body 26. 20The | body
section SWdfensegpentl 3@3 g pig 25 Fﬁq’éa?’f‘éfl apgut el Abaus 2 ml%@ﬂ@@lfﬂé%‘éy Blgput 9

that is aimansang Eﬁe%&lbwr%%%fuaﬁ&l s 3l 8 QniRASIAYL adQupdiend 100 of
out war dl y- openi ng passage rotuberance 58 conmuni cates wth

smald er dir&knpinei2 tbaslsecgm@smlhmnm éXtoghifttotlee qetited gesiden dnd stidwevptive dysc
section %8 An actuator assenbly 64 is received in passages 60, 62
and secured to protuberance 58 by retaining clip 66. Actuator

assenbly 64 gepeeetdye alinettions3Ralsy bletditd £ side pdR 182 teit@hnBing RACYaré$.and
t hr ough mhlch is received a thruster nmechani sm 70. Thruster nechani sm

70 may bebkauebrmthenirgey (adeorora iR prawsnis o frusiacrebaly Larcdnsssage $04 wywhich a
other si @?ujagff | ybbg%@i ﬁa\ék&le Palsﬁ 9 64 i@'n[f'cggagou Absith lelﬁ'e 108 presenﬁn%a

pyr ot echni c |re ruster ani sm be replaced

sol Zhoi dletrgqme:limhmlst a5 shmmmamﬂ?@m ;aap;lug daud as tlyeddnblappdenwdtwﬁns bodeet (8.
activatlgp 9 ot critical ator assenbly 64 |€cludes

el ongat e PEETOPOE P Py b aﬁb%wlﬁﬁawﬁ%b%a S HGEPUEOT Thid)

passage 48thidp alsﬁ B0 BRIYes§2 04 hah bdthonASreghown in Fig. 4, strike pin
72 presents 010/ 059282PCT1US20091055816 7 a bl unt outboard tip

74 that is n oLﬁwn alve bedt seqtiend] Calsarresents e ksagily eiendppadBoporel 13 thas mai bp
with, th

non- act u g%e?lg@ X%g%ge?ﬁf Wﬁﬂ tl%_ﬂ]egﬁe?[cﬂeujc@ R%@??&ta?fa@on%f \}Iagve rZQ é]!ée:-réog 4 As shown
actasat or ub]i‘lgys Gl pand 18 ecmpegks argemﬁrﬂl;e:ybydﬁdar eael $147f. whittea fili lpﬁwmfeﬂ 116

SLYL e P £ port phut 114 516 noMmall§ posed and threadably secuned doatin, Ml pest fsert 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 portinsert 116 and operates to block communication between

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



5 protuberance 58. An O-ring 84 is disposed in a recessed portion of
strike pin 72 to prevent fluid within vessel 24 from escaping the
val ve t hr oWgrRIP45283e 62. As shown in Fig. 11, tHRGIE¥Ep09/055816
mechani sm 70 conprises a cylindrical chanber 86 in which is disposed
a firing pin 88 and a conbusti bl e pyrotgechnic charge 90. Chanber 86
is sealed on one end by a packing plug 92 through which extend a pair
of | ead Vi4i@greRds tharPBe filAGNes8GE Yadhinfst phSsaBd 1200 rThSS, &Nl PIRGARRI1IHodferally
the exposed énds of |ead wires 94, 96 positioned w thin chanber “86
i gnite pyreoniscomy unidhentigaaldlyw oifhiid from the fil part deredd 4 4o ftheslofver valee fridy
88 to th it h in Fi 2. Ln.certain .
enbodi menf RO RSREa bl OGN okt ek r G ! B oraieptpeg 1
consequend pyevert ball 12K o é8capit)g second @hwvagd] X2aindhg Glling ocilbeddtl 242 nm and
preferably about 9_.mm As expl ai ned bel gw, upon actuation, firing pin
I

88 contacts addyBrIRBIROTIS §XERds crourdly fropsloyier Yabes bsidy seepion B pdgresents
causi ng stgd I [ c L,tEO s§tLi

Bt ure g Sy R b oo aca it poally
si de por tthie@Bblyxeendd mithmbowa3@! Howendr,abkiligyepparathe siehenam auSilidey postre

102 presents a frusto i cally,shaped S e. 104 in i.ch a shrade

varv So@ae fee b OB B 2 TR BRI etk i iR
108 presgﬁhiuaga A4 vith loaeoellveliiBhRige MsandR@NMalybofd B0, 4, a plug 110
is threadably received within bore 108. However, bore 106 may al so be

out G tted wi t YalvepOanay heaiseskiagelease prenarizedhBuig fiogsagoatfingd sppes tropgh pitive
passage . | nl%%] i . I :

section 3%“%&%?%2%‘6%%1 gﬁ ﬁyat erlgﬁ{yy}ugiuﬁ égﬁléf rilg f}/ Igg%gra;@lﬁ@‘@ﬁ%igasﬁgﬁ
be used tpootedtian@eaivsisheser@dd ovetressive cdeditivaedwithin saf 24 throngt evéradliand

of valve 20 thereon, As shown 25 in Fig..5 fill part 112 conprises
2 goner aPEDE PR HAPI TR eI oFTe (BRE: THERFToe uchide
fill por trhlg_pimilﬂlégisé1§is_@ﬁ§ab%f%ﬂhlst¥ndihggﬁ@ﬁﬁﬂr,ﬁlpﬁnﬁl@lﬁﬁﬂﬂ@s@ﬁﬂ?? v%ﬁﬁ%’lﬁg%el 24, but

t her ei n. port insert 116 is eSsentially a check valve t| .

pr ekent s aka capable ef beprssslegevel v opanhdiwhen mierse obthepressurized flyatisnlgsired. In
passage 122. the f.irst ssage 120 presenti a diameter .that .is.less
Phan ¢ ne cinergreink e eERR I EkeBRESR05 P LRI B shiHeg & 169
di anet er ekpladion Supgreedbeippataauns tb Bidowd lawelf & supdheskdn afent tbreB0passARpdke
is disposed within fill port _insert 116 and operates to bl ock .
comuni c&t RofeBeWsSER! FPTPRIRNG o dB £GHIR RMbEMets dhe Prageagelicf mompred is
the fluid,@ras YrkBd By PASSAASr Shs@NFcar S Hi; in which th i
2010/ 05058 BR RS G B AE Br s e i Wb ey suppresion

wi tHl n f iepparatpsis destpdled. 2@ weTdrugich £omapdmey alss be madudly gemer al | y

permts only unidirectiona lLow of fluid f.rom.t fi,ll, .port re 114
PR the T owel barE bt talen HEntiuidh, & His¥abFe. oo fRain o spowi
126 is ppaxiaad iabul PeceddgardirolOme cdivix QRBRSISE of Blsti86. 1A 8pietioRa$HEBY, in

bal | 124 from escapi ng second Bassage 122 during filling of vessel
24. certain embodiments, disc 46 may be provided with pre-stressed, discrete segment 56 having an

altered grain structure than the rest of disc bulged section 52. In one embodiment, strike pin tip

25 74 is disposed proximate to, but not touching, segment 56. When actuated, tip 74 engages

segment 56 to initiate reversal of disc 46. However, in the un-actuated configuration of valve

20, disc 46 effectively contains the pressurized fluid present in passage 40 and vessel 24 by
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



5 An auxiliary port 128 extends outwardly from | ower valve body
section 30 and presents a generally cylindrical bore 130

t her et hr ouyR.20058318dwn in Fig. 5, a plug 132 is nor mal | BCHYS28R0aH1y
received within bore 130. However, auxiliary apparatus, such as an
auxiliary pressure gauge, my be coupl to port 128 in place of plug
132. A passageway 134 communicates fill port bore 114 with | ower

val ve bo L b -Dor . .

{0 1ol once? RrRRRTARARR RSy 20 BOREn ke thard Y80 Wil o PteE pHRE B
initiati o8 tovaidrea exendedisitands illwstratedindfig.ridpthu cetaih anbolifimends [thesp2€d at
al so provides Sive pyrotection aj nst dapger Qus ov ressure

condi £ onuE PR e s B P B he L B SR MeBraraeS A 80 Riseo
shoul d sUBIiARIN YIRS PEEBRURIE fAa1d] ﬁgik@ﬁfg%@ﬁﬁ righudii46 ahl ¥embRY S disc
buckling rupture disc 46 is capabl e of withstanding the | ower, normnal

fluidl predsipprapapingtaremyesdishbly2oided,t Firingpia B8 eordanetht sirilefpibenidig0 thereby

sel ectiv : -whe t.he . ri,zed fluigd is desir.ed.
h-cer t s Rl SRR IER bR RS  RetliPear REERTH BRTup bl ' Pt
in the flaawcmat mtofonfdct therwitx Strikeipitis THip €S Sjuntedydpy, ad eifpotad takbdpivg

flow of a suppressant agent theretlutugh in response to a pressure
relief cdwﬁm) PRHil éﬁhﬁ%n%eg %@ai%ﬁ% 15 shified thiougls  predetermiped dispagement,

i's aut omabhealdih GRRS B PMs fuflatascs %ec?flisﬁ@ﬁ&?fhex{eﬁf@ﬁﬁcﬁnt é:ﬂér}cmrfﬁg@isc
space in which the suppression 20apparatus 1s 1 nstalled, however,
such0 comfénds sopvrein $'tg. Bestrifeepiial2 megjiavieally disrupts andraiges adeforradtion of the disc
-act i t] hown.in F g. 13, strike pin 72 i :
Shonn pr ST ipbeL Bk sl B AR Ao ob el PnSB e AL P ied typin

di sc 46. 7AgopdeMifpslhy tHHeng érBate@hERbLIS 'ﬁnetvsofﬂdids&to?;@ssa@y@%d
provi ded with Br e-stressed, discrete segnent 56 having an altered
c

grain st caeingthe disal BHé pRe8t of disc bul ged section 52. In one
enbodi ment, ste&j. j i 4 i X] :

Couchi ng.  seqneitEpll & flgns SEadfc incilo SR B8 G BRLE Lioskld pldR that
i ni 13 at e whew epmbinedfwiidi the fek6e ofhweflndd acting upbe thendiac taravee durface 54, disc 46

configuration of, val ve 20, djsc .46 effective contains th i

o essur | SR EHPPR QU reieR G A oat Sxraied Sl 3ackig 5 Py i imgestog
flow pat Birike pRa$S a@ieldiwith the force exHRANbEHBleSFEd@a A FORPLiLANo initiate
(other than an overpressure condition wthin vessel 24) 30requiring

the rele sevisrsekang jopeningeivisc 46e & q;qrt@in@}nt@p]i]@n@@‘.thp icgratal bulggtktectian 52 reverses
transmt r&?%%gt\% %&Tt}g%f dt% m%%&ﬁéﬁ !o¥ @tgﬂe qﬂgﬂ eti§\8§l Id?s'c lu'p%ntit?aﬁtog e rse%grrsal of

mechani sm w'res ctrica
20110 0592&APCT?. UBRGOMM10pEAAS o isi 4friabchieyad it Pyt suechhnditiotha e adib%

et endoa GBS G HO T BEy BFGH OF BF GS0150. 11¢ WEPRE 1 o dionbA Sa1
Sound e L B e R LB RRPBILxdibe
t hi s fashibh%) pileweiendn edrtairhranbodppnents fidi apeniag ofihd disc sgulsnvesitwhen theffluid
di sc pressure is no more than about one-half of the rated burst pressure. In still other embodiments,
25 full opening of the disc is achieved at between about 25-75% of the rated burst pressure of the
disc, and meore particularly about 33% of the rated burst pressure of the disc. In certain
embodiments of the present invention, full opening of disc 46 may be achieved in as little as 5-10

msec.
In the embodiment shown in Figs. 1-13, protuberance 58 and actuator assembly 64 are
30 positioned at an oblique angle relative to the fiuid flow path through passages 40 and 42,

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



5 46 upon opening are nore reliably avoided. Firing pin 88 contacts
the strike pin end 100 thereby causing strike pin to advance along a
rectili neaWopatP3#28hard the rupture di sc convex surf acdHAUBHY GBI
into contact therewith. Strike pintip 74 is of a rounded shape, as
opposed to conming to a sharp point. Thyg, when strike pin 72 is
shifted through a predeterm ned displacenent, contact wi th convex
surface Faésehfm}s@ftt) b@p@iﬁéndmia%; ﬁa%ue%ftﬁle ﬁawatht Pﬁﬁl?e?facﬁ“afop%éémbly 64 may
puncturing disc shown in 8, "'strike pin

mechani cé;leIcynﬁgusqdqottbatahdte@au%@wcueﬁpinwahsm ap Anyt Ibmfn@h sﬁﬁhebdﬂsge donvex

section 52.. b oes- no enetrate di.sc 46. Pe etr

undesi ratﬂ]lg&mﬁls%t4 rdli‘émbff ?‘}néﬁfﬁ) Iﬁt %f”%? WBI@ 159 Wé’b 81 %egtsg‘&mn%z n
t her eby ?Em&l}ﬁ@ngeﬁﬁalflél@t\ib}n@lﬁlpftd tirflet AirDcPHE TR0t MBS Ishlke HRET2 is
disc to to open. Strike pin 72 inparts sufficient ki netic ener gy
to the dimvabg |1@wd§@atml bhlesd sedlien SEHa Eenerglypearendisilar rdeionship tq penvex
force of g efsh U AR i

rever ses “an 3%eﬁgg£§}bés’r& art P%IE gir%h,ﬁﬁ?ﬁg&é égﬂéiegﬁ%ﬁﬁgﬁggﬁ{dm%at of
secti on mnRarhiys whakestmpadt lofths teasekaf cbscn4f? %trdmmh &d mishdwit hmtﬁ@mgehe d1sc

exerted by the pressurized fl ui i t t.o te re
and openlpﬁ)dma?te eqite- a%essqdrfeé@rﬂet%ff da H]§ %ecu?rhé? cfaﬁﬁmse dhscs
section gt Ieée%ﬁ%&eg cBfrespohd@iff Sépnicht 86 thar ﬁﬂm @A@e&%&& ot d%fcralt %qp&ahan

72 toward disc upon initiation of reversal 20 section
Thuk), fu Itqwawé)@n peak QS thechubged a@tipe wherh theviing naaﬁerfal Ilﬂ ith thineest LB}@trlkmg the disc
fﬁgdld;[ 'Sgn(?or% gar 193 vrx:lt%]s(es% g(s)/ é‘ﬂl(j ?éelgk 'etf/é_lcr:]r)er‘g?{%t hellregsc:lgth%%‘)]? R tmé hgﬁligmogg that

reverse afitte rpupvmwﬂl \pietrdtoﬂhé dtshe A Sdiately anasRuabt aa@hwa}t ednﬁ@aﬁﬁﬁbbae@éd t®
a tolerance of t 5% in certain enbodi ments, full_opening
of the d?@?&eweéu%&ﬁﬁ%@aﬂweﬂww fjlsﬁﬂ@tb?@%d’%oﬁ %lpﬂe?drbw@ Tresingardhe

one- hal f 4af 3f ﬂae saraé &&ieclaeﬁ g RGBS Wdckor shﬁbbéﬁrbblthe% {ri PRlhd o e
full opening of disc 1s achieved et ween “about 25- /5% o
r atléd bus@cmtdsguh@e ofvetshigind iopeningeifttiseotoe part| cul arly about 33% of

the rated bur ressyre of the |sc In ce enbodi nent s

present i nvenﬁfj EESE% @%ﬁ“g&l}petﬁlieﬁiésc f iy DE Pyt @eﬂsggmngg%asqow é&eor M
littl e asfwed@es¥BBA.is Jocated proxithie ttlﬁlﬂuﬁﬁﬁi@ﬁ'zﬂﬁéﬂf&&ﬁ@%bﬂ flanigk 98 and bdided
prot uberance 58 and actuator assenbly 64 are 30positioned at an

obl i que ERsHPRSY Graliievid)t Upenaetyation of fofustor paemblyifr angeoniass beyem sitkein

or ot uber e il SRPthiE 06 SEPERe) w05 SLER A ot YR OB Y I e

assénbl yleéving onlga spmil hérpdipoiloarl 40 Iattqimeditd fHngt 66.t Upen depingpdtie. disc, hlnge
Furt her or ass |y, 64 confi u d,so that stri p

cont act s LGS SHBEnHEO AR SUPE GG, RO Cret bRy esoRibaeeh
54. In opg ﬂ%uf%m pBRhted By phdsBedRiAn, 462califes ARY 3B kErol OB FR0E 58hs BEvEGH
section 52 in g_gnerally tangential rel ationship to convex surface 54.
| n anot hBig. ®rindds memer. longg Swthmmewegtmamﬁlmwéﬁl@gmglmtm ot dise A&l It will
bul ged s n convex
sur face B biEaL bRy 38RF o b BBLRRREL e Yo B APPSR S e
pr @ter abdarﬁpfbpedsxtdth Hi€fetenesadiskineadoniguraias, dutls aydisdsahit food A plurdlity dhiRtals
case of disc 46, strike pin 72 is shown contacting the disc proximte
t he pre-SRPEPEERE-segnent 56 forned in bul ged section 52. In the case
of other di scgy RALmRAE SSRGS Bf TN mwmmeaaoé?maﬂéte@% ik 1K Gn®118.

72 may contact the disc at a 1lpcatio
Generally, the valve 20 is configured as descrlbed 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



10 toward the peak of the bul ged section where the disc material is
the thinnest. By striking the disc at or near its weakest point, |ess
ki netic en®O@Nye§9282quired thereby reducing the |ikeli WSJAUS2RG055816
strike pin 72 will pierce the disc. In whatever actuator assenbly
configuration selected, to achi eve sucggessful selective opening of
disc 46, the force vector supplied by pin 72 acting on the disc in

the sane 1gich@siéh @bt Sowh E I&,‘?1ﬂé%tl@15w§tbQHé%%ﬂsl@]}’ﬁtH@mﬂb%&%HElétﬁﬁslr142
fluid will need to be 1 CI ent to initiate reversal and opening

of di sc 4@shiftand toerae&@lﬁé%m:mnaﬁgwnmaurfececﬁ%c 46 may be provided
h | dos
W th a sem cirgy a%th% C&B@odlhgﬁﬁlﬁgh%é&&%ngn gﬁggﬁsi?ﬁcg%%mbuﬁg%g@@ff This

pI’OXI mate the transition zone

section ZhbpdienHsFeryldihilarlip die eatiodiaidnoshodin iABPiddAl-0 and $6,eRbdpy thada gfiglg
contact between strjke pin 72 an(g di sc convex surface%d'34, t he disc
bul g&d séew@ﬁmselaaﬁ%léwmﬁﬂtwaﬁ batyyeen aciyatopasseilly 96 aad Protnbeigags A¥g One

only a sigldiohbP@Es gtdcﬁﬁtol“f% flid ﬁmﬁ% {9 fér%f@graﬂé@ bygpﬁﬂaﬂggdﬂmgn 9b

t he di sc, hinge por i's supported up ring
51. Fl ui dntesacmpcln@marcfmcveb&ewclzdl atmumgahnltmlenfﬂome hprp'@wattedltﬂﬁyis

assages 4 s.disc 46 to fold nd f e a

P 88% whtinfety SRFR ST oRbF Sl h S e R e b ORRE 7R i Bgichen
f ragment a@ tARe afikélhin 724 contdct Wiphire Bigc amgéc?wn%m Wiiadhe etdﬂeéd ley@1R3 f@te.
non-fragnenting reverse buckling rupture discs may be 25enpl oyed with

di f ¥&r entBysusiieespring ecEyar 1 Hurde aev@y laggpemotiee @i%sm% &80 by eenegated by the
pl urali t%c?JncR@atrglgﬁv QRAIPRERL NG, enrlpult—" An al ternate enbodi nent of

the present inventiorn i's dep fcted 14 and 15. Generally, the
valve 20 is cprﬁmg;a.mmtbrasé gaemllybexdpnimuﬁnrcd-ibp\ﬂﬂnems;:l@mm:ﬁﬂabbmmmmlty

64 has be nre ed W ngi.n r.m ac ator ua

Ol ates S0k 6 BpaHopsitk L, dnit RSB haRled3a St irtogy PR AR Geured By o
contact, rQhthingQlipRsN C@Htgﬁt hAuSY 850 %%Eé@&ﬁto%t@&eriﬂé@%‘sl bgléﬂalﬁﬁag #fip 66. An
Shifting of actuator 142 along a curvilinear fected b

uselof aabtuatiom mﬁ@n Lk is wontaing! phin/iosg bemy@%é@%@@ss p®filed piston 156.

{Tﬁghgm S (r)(gfgg u]élston %%){E%ndlg%ﬁ%‘ 1? {ngﬁﬁ%?@ Onedtoglt tu"?ﬁétg n% 4l 26 tﬁ{tb an Lmnu{

convex sugi@CE58dF. plunger 160. YRdofiksdqtifet lﬁlmthlmplufaﬂﬂ)t dslﬁewsmlq:rd)ﬁ“[lons 162
invention i s depicted [

Lo the eRERETRaNR SRSbAIs s B head of et oR LT TS Aol ey St Gortion
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



5 actuator mechani sm 146 is positioned between actuator assenbly 64
and protuberance 58. One function of the spring actuator 146 is to
transl at e WRSOHSS2 generat ed by thruster nechani sm 70 Fh¥S2809Ee
| arger force that would act upon strike pin 72. Thus, spring actuator
146 is particularly suited for those applications in which thruster

mechanism 70 is not by itself sufficient to cause strike pin 72 to
contact raptouf 6f Hgafenkiat 9ol (ROEdatsOWHeA iMIiNcdrifi@uiaBaM i vaRel 16£¥RdctiOdly lock
foree. 10 By using spring actuator 146, a rel atlvely | arge notive
force outmyefiled é)iﬁt@elifém nlusger bhp Ot tReetagsttp prohabit selativeamoxemiept Sweabrtween.
notive f i
For ce. | nadt iR Larbals ff oop PEER RISt WA 0L (8, AT rer RARISER, Sy
150. | npuas heeusmmgr ﬂ:diapnesmplapﬂs agot mea@m)caﬁadrprbﬁldgl p&BOIB.mﬁS st pruﬁglertlyso
a retaining t ut hqQusj n secured tQ protuberance

r etaa%em%%gaeﬁl% lté% iR oward valor ga«% %ﬁrﬁnsﬂ%tpaﬂmiwli s e

w t hin input BousbRgshdRs @ﬁ}%gaéﬂdu@a@m%%%%w &S b&dhiokn OAs Ee[nOJe' Jea&i
plston 156 extends between input housing 148 "and o6ut put housi ng 15
into an ain?maﬂlcarpistelgiﬁiﬁnﬂ%)fm pbtand e arg 6@ lonBeraf ¢dndatt pith eaph ollB6 Strlke pin

bl | o 1642 Mhnfosle bufteq SERFR SESL PR P02k RS EERNAY i B R

portion &6 in which a spring 168 is received. Spring 168 al so
eng (ges pl unger 160 so as to bias profiled 20 piston 156 and pl unger
1601part . ThePHegasstorfemanbe aguated bwmmfhe@awatﬂnwermbm}m ?%mg

of oot i vl AP RRSEhRSaalty SPEERElor i DIl SR planAf O 8o 162

provi ded tiswmag b¢ eonned@Ekto ateirvd aﬂp:rasasmed ﬂmﬁ&upmaq@nmp:aslsadgus:unxfuagas Upon

agai nst i ch ring 176 cailed abau f|Ied ert

S force BRecimptspuhiu Mt Rt R TRe AR e e i pagbe SHER
un-act i vad ekl tihe Portd 88 SordifidhniéLS WHR thdinfiibf bigfut hoRsidd B4d @ik PRMades
annul ar reglon 158 of plunder 160. Balls 164 rest up agai nst seats

1801% hus 1Bf-oRidriresswrézed Binidactsgiren thshasryefactysiion mster gung Ge pistonfoshis
exerted I

o vart SAPEPVRRORY BN AR b8 s o sl SURN kBt vk ban
pi ston 134id hen ekypiapiifib bthgr patiomtdfeprigy stiator 184 t owar d vaI ve body

26. The shiftin ctuation ston 154 cause rofiled piston 156
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Fig. 19 illustrates spring actuator 146 in its fully depl oyed
position. As can be seen, actuation piston 154 and profiled piston
156 are no longer in contact wwth each other. Strike pin 72 has
contacted bul ged section 52 of rupture disc 46 thus initiating
reversal and opening of the disc. 10Spting actuator 146 may be
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disc is initjate f d in said passage to allow
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4. A valve as set forth in clatn 2, wherein is provided a
pyrotechnic charge operable to effect shifting of the member
through said dlsplacement thereof upon ignition of the
charge.




2. Avalve as set forth in claim1, wherein said device includes a
shi ftabl e nenber normally spaced fromthe convex surface of the
central section of the disc and novabl e through a di spl acenent upon
actuation to engage the convex surface and effect nechani cal

di sruption thereof without puncture of4 the central section. 3. A
valve as set forth in claim?2, wherein said nenber is a rod having a
bl unt end engageable with the convex surface of the bul ged central

section of the disc. 4. A valve as set forth in claim?2, wherein is
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section of tfg, disc, reversal of the central section of the disc

being initiated at said discrete region thereof 11. A valve as set
forth in clai O\ vk ag sett ﬁéﬂb@m/lémlslj,rwheselaﬁhetrtlptm'em:hawe face of
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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 dis-
crete region of the bulged central section.

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.



15 13. A valve for controlling flow of pressurized fluid along a
path | eading froma confined area conprising: a tubular valve body
provided with a fluid passage and adapted to be nmounted in said fluid
path; a reverse buckling rupture disc carried by the body in nornal

bl ocking relationship to flow of fluit through said passage, said

di sc having a bul ged 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 predeternined
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t her eof 16. A ve as sg g in c alm 13, wherein said nenber
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met hod for cont ro ressuri th | eadi ng
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under a predet egidifht 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 con-
vex surface of the central section of the disc and movable
through a displacement to engage the convex surface and
effect disruption thereof without puncture of the central sec-
tion.

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.

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.



first fluid pressure there against, said disc being disposed with the
convex surface thereof in facing relationship to the pressurized
fluid; and positioning a selectively operabl e device adjacent the
convex surface of the central section of the disc for nechanically

di srupting the convex surface wi thout'®uncturing the central section
of the disc to initiate reversal thereof at a predeterm ned second
pressure less than said first predeterm ned pressure to allow fl ow of
fluid al ong said path. 18. A nmethod as set forth in claim 17,

wherein said &37]?9@”&&]5683%1‘3cbﬁt:%‘l’liﬁg\rﬂo%vhgygr g@gg{ﬁgs-ﬂ {d of said

predetermn I rst_.pressure 19. orthin claim

7 eher of AISHE ¢t Dalblie g Sia 3 SORIIRGL 81 SATIDIHEOE 1 {th of

sai d predetSt3ps @Bd first pressure. ’
mounting a tubular valve body in said fluid path;

providing a reverse buckling rupture disc in the body in
normal blocking relationship to 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 fiuid; and

positioning a selectively operable device adjacent the con-
vex surface of the central section of the disc for mechani-
cally 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.

18. A method as set forth in claim 17, wherein said second
pressure 1s no more than about one-halfof said predetermined
first pressure.

19. A method as set forth in claim 17, wherein said second
pressure 1s no more than about one-fifth of said predeter-

mined first pressure. |



