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. EXPLOSI ON VENT. BACKGROUND OF THE | NVENTI ON 17 JUL 2002 b 1. FIELD OF THE
| NVENTI ON TW@ %9R€¥€nt invention relates to explosion vents fRET/ERBEI g
_relief openings in enclosures subject to rapid pressure build-ups such as
"may occur during explosions or the liketin bag houses, the duct work

| eading to the bag houses, or equi pnent upstream of the duct vvor& Mrlﬁﬂl
particularly, the | NVRIDLT P ErBORESSINGY EaPh XD ESPLOBIRNENat D
consistently bursts 10 or opens when the enclosure to which it is attached
is subjected to a pressure build-up of a predeterm ned magnit de W t
prematurely bursting at | ower pressure levels or collapsing Wﬂm I"w |"uu
encl osure is subjected to conditions bel ow at nospheric. The e

is uni quW%@Uh@OEITwECWNEY\@Wéd to withstand conti nuous pr essuts@ss*

cycling over an ex wherein the individual pressure
’cycl%s are eagh mgﬁ? ICI entéﬁ@/@gﬂ?ﬂursti ng of the vent. 15 2.
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preventi 8§°8 5%? EQ D\ ressHE RUid-1ps SHGNasi e ?f?“éﬁ%’l‘r@s?ﬁp&?'o”ﬁ&r edikpl e,
bag housgspad oGRS iRMUY walk 1Edd: @,fm%a PSLEHIS oflBuI %ﬂe%h?pslﬁ‘eght of the duct
concentration of 20 dust within t ouses. Thus) bag houses are
typi cal | worlerMew Rarigyiagy gheiingentiop r%ateﬁ) Gearsenpiosios] vieat thalyaaiergpasisigntly bursts
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pre-dete 0 S sandtov .th
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| evel . ses.,are alsq often s ect ed cuum condi ti ons
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At mpspheric pressure externally of the bag house causes an inward force on
the expl osion vents that tends to colla gse the vents. Additionally, bag

houses are of fen cREHRIFEIMET PreERIPR ARId vacuum conditions, causing 30
t he expl osi on vent fconitfio EQPE@%
practice to direct %xbpgééeg?tpgl r ag alr{r‘\&ss)gtigeltaﬁ%%ég% bgg ‘?Ib (t:ler whi ch
col | ect s agirag housesetanks, tetr. mr@rayagfmgtdaeggaus p@lsetgeftwudmupﬁwutbtmrthaeec!@:our@me
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effecting cleaning of the filter elements of bag houses are de m\“““mmmmmw
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PCTI US98r 27526 -3'~ 7 J UL 2002 vents are used in such applications, they
-nust be either -reinforced, which increases their weight and gost . qt_,gsed
in conjunct¥8i*Wi*fh a separate vacuum protection panel. The FoRa WiEE
_Protection Associ ation (NFPA) has issued recommendati ons regardi ng wei ght
limtations which in practice suggest tf#at, if ferrous materials are used
to 5 fabricate explosion vents, said materr als shall not exceed

appr oxi matselbg OB . wiihstanHiog kesist yacUrm erehsiges apbexstinabsiwgsnoresame and
Iirritation t . ch are characterized by
Si gnificé’mf \E:&%r'té)?i1 W‘ gl“ﬂréegs]fs‘ég'r@:‘ge>§'<"§1Jragtéﬁ ﬁ‘g?sﬁ%néfﬁlo\gﬂreater t he pressure
vacuum w t hst and v&hueartTehmnsrbheemtbrtmﬁlyndmmedmpamn ot &hbs Blitsdr fdvenetiavitheet .
t he stringent drffere | pressure requ ts 0 OBJ S AND SUWARY OF
THE | NVERTROR, WRETEEn b FETTHLP FOR s apartn et Fepe o ETe (YR SUBPEER D =

i nvent i ORrdsRuity BMHAR FohdBES WRFe&X N OI8HAY MeBhnddisds dBLAt eddsasdrk wehdhed
prevents the build-up of excessive pressure within an enclosure. 15 it is a
nor e par eveuihgrslioljliees obwveakiiesp teriain thapand inots ¢lesasrresitign uatl wkisclsdited
vent that, iRy Op&rggg,@égp eydé:gg,rnsf@d RlagRiRGRS at a selected pressure |evel

wi t hout prematurely bursting at |ower pressure | evel s. It is another object
of the present i nvénfartunately, ghess typeaof @lerl ad iexplogiontventsafreqliestly obenegsat
forces o re [
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provide @Heé?%ppr@ﬁiaﬁﬁel%eme rehaém.hé bluﬁﬁaaﬁélﬁree%bréﬂ ¥ arbadag@nNsodnnthbRefter in
pressure at which it bursts as a result of tenperature variations of 2b the

envi r onmBRECTRENGRTTEIR §hedlipe nBomogiiertat iToPrevens syah PremriurRpPaNfiSoyeimitave
obj ect Ogﬁmseémyrema PRith sdé.r?%rr%r eursdebenrembeﬁrr@@fraar@w bf«sséd%h& Bl & of

Wi t hst an a si |can nmber of pressure cycles wt
advép sel svpamfletefrqngt Wesmrsrls\tels:hraherdhem theirirgled plurst ipeesgeies; t han has been

the case heret of of g T BRESERL LOGNEPBAHALEY B HHERGoRDIGRLS AR AL her

obj ect s that becone omt des ri p on o e pr erre
enbodi neifreguertiytdsevernysntsecmdsém erder hypepn'm/uleiamrgg ainta bepdrmnmﬂ @gquisrbmedmgvent
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at t acl hme rygaar Brlﬁléh arm;foﬁ leffatting ddariifteofahe i Fmérlﬂlanerals pf B@gshusuc?es eirT eéscpamaln
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to the f'C%_@Q_ﬁ;@ ERGIndXr gg@gsflprl@ﬁstp@mlpmmrﬁama apRRiaatitel F Fiveamays the
openi ng W W O 99/ 369 J U L 2002 PCTI US98~' ' 7526 the

encl osur & Upgeds)yout BasedehBaariousmwith thenkplpyt destinalegy, sReearingrie Eeweer anda gk
or separ g%%%gﬁj @Eté&rt?fi%?‘ Hherd1067. pﬁasrd &Psﬁa 8f c9:f:hnbh§f aé@mougefrrtéred

by a sli a portion o perineter thereof to opén wh
encl osur eleagingpryosssesd-ausesthy reeslgsrpe verms ladd theirdfurst tahsctadles ent rlvedd hﬁ@‘rﬁftdu de
for 24nc OYSHH dtcgﬁ rr?s?lﬁrfﬁ E%n‘:ﬁurtehﬁeﬁ quél% %f hﬁ gégsanﬁl%s W\etalﬂs He?the
present Irnvéntion, the essure re ane t

explosion vent for a bag house subjected to pressure cycles of an order of magnitude described

must\ be replaced on a sufficiently frequent basis to avoid premature failure of the lines of
weakness defining a rupture portion of the panel, depending upon the number of pressure
cycles to which the vent panel is exposed during a defined period.

30 Another limitation of prior art explosion vents related to limited ability to withstand
high vacuum pressures. Often, enclosures such as bag houses are subjected to vacuum
pressures that are far in excess of the burst pressures at which the explosion vents are
designed to rupture. These high vacuum pressures cause the burst tabs to break or cause the

entire panel of the explosion vent to collapse inwardly. Therefore, when prior art explosion



a plurality of donmed sections defining at |east one bridge therebetween.

- The donmed sections and bridge stiffen the panel so that it NEE‘P/U Ifarmy
di stri but es¥PIPCE8n the connectors when the enclosure is su fected to
_pressure build-up. This causes all of the connectors to release at a nore
uniformtime relatively so that the paneé nore consistently opens a& ﬂ

sel ected burst 10 pressure level. This also reduces the tendency of Ak 2002
panel t o vpniset wuaegdliysugheapplichtiensd draydnigst be eitres reihforegewivich incleesesttheit eight
connectors . to extend..n t. roxi mate_direction.of. | oading or opening of

t he panela?'dfﬁ?tsoﬁ:lgsr#i'Bﬁ?épﬁ%ﬁgg‘gﬁu‘%ﬁ aﬁtg VF?%&T RbOt%LFt'OBeD%gFIng of the rupture
tabs, or the rel eagdedations fire tFostectodi Adsogjatidre(NFEIR) hak isseed reppmoderidhorganel
to the peripheral flange . portjon. thereof when the enclosure is cycled
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t endgncy i&rickia@exprRbBh vbfts Pitdmbirials)sha Pt -exBEI EIppREGERER T0.68% 1PFin ThiEkrieRaW NG

FI GURES A preferred enbodi nent of the present invention is described in
detai | bdhswhas IMPYREY @fsindivar! ipitatiod en thec ROFCaIioAPhB¥RIPSIRIT ¥ents wikishedt:
Figure 1 chérfaaeﬂiéiﬁ))r’%%ﬁgﬁd%t @ﬁer}?ﬁt@#\ﬁ%s@xﬁ}e‘r@@mé{é}gsEl'ﬁé'glt"e%%r'ﬂb ESRFAANGEmW th

a first preferred € I ment of the iInvention shown tached over an
openi ng iwithalandveluss thes thedhither dise ventedataiial imysdbe do Ipnesit ghe striegent diffetantal

clearly sho he a nt of the explosion vent to the enclosure; 25 Fig.
Ao B AGHIE

2is af y sectional view of the explosion vent taken substantially
alomg line 2-2 of Fig. 1, and looking in the direction of the arrows; Fig.

3is an vatianal . vi f f the explosion vent shown renoved
fromt he%g@e(lo&ggb %MABW@?JK@%%@W ragmentary plan view of the

expl osi on vent il ugifeal binble dbregsiAg O ist ditoBjeitci e paRent ifved@sh &flproviae s
Fig. 5is a section view taken substanti al I¥ al on,P line 5-5 of Fig. 4, and
| ooki ng i"APOMRd BRISian VSRt (Rt e eXEFiHGRYY: Prevegts the puildypp efexepssive pfetsé'tjfﬁ’r&ﬁtbﬁry
rear Vi eWnQhcloBgre€Xxpl 0sion vent with the rupture tab and support'tab

therefor renoved and illustrating the (égeni ngs in the vent panel for 35
rec&bvi ng fast ener dtis amore paticwarphjent pibe presentipventien toisovideiarsexpssion vertb t o

the vent \pancle Fonsilstgntlg/ gyglsk‘s z?rg)g)%r\}g/\ég g%%c?%dgpfes re gvéﬁ&i%ﬁfpr:e\l?aﬁﬁ%f@bfr% /

is an enlarged fragnen p | EW O e expl 0si on ven ustrating one
of the r @ptowee ptemsberevievdis.t he support tab therefor renoved; Fig. 8 is an

enl arged fragnentary. pl an view of . an expl osion.vent illustratin n t he
b et i el BieDhr PR st BERin T nrhvin BhRhipi PGP

f ast ener sjstributesHo@es Bniits barst @bk 30 ged tHe Mgsaatscrgaky dteymofe urifernt trae rdlatoelyof
one.corner. of, the exgl osi$ﬁ1 illustrating the slit and the undersi de

t
of the riNNENdhGMERLS PUbied *to\rlég‘r")ﬁb?waé:“f'@ti’r "Support tab assembly to the

velnlt , Fig. 10 is antieahsthecsbjddt BORE Pradllit inRGtib® P roVid€ vh blyledishveptabdant he
val | eys
y withstand vacuum pressures in excess of its rated burst pressures without collapsing.

’ A further object of the invention is to provide an explosion vent that is less
subject fo variations in the pressure at which it bursts as a result of temperature variations of
25 the environment in which the vent is operating.

A still further important object of the invention is to provide an explosion vent that
is cabable of withstanding a significantly higher number of pressure cycles without adversely
affecting the burst characteristics of the vent, than has been the case heretofore.

The present invention achieves these objects and other objects that become

30 evident from the description of the preferred embodiments of the invention herein by providing
an improved explosion vent for covering an opening in an enclosure such as a bag house. The
preferred explosion vent broadly includes a peripheral flange configured for attachment around
the opening of the enclosure, a pressure relief panel positioned within and hingedly connected
to the flange, and a plurality of connectors or burst tabs for joining the unhinged portion of the

35 panel to the flange. The pressure relief panel covers and substantially seals the opening when



between the nmultiple dones in the central part of the explosion vent panel;
.10 Fig. 11 is a plan view of an expl osion vent constructed in_actdr ﬁ@.rﬁﬂﬂi
with a secdﬁ@s’%%f%rred enbodi ment of the invention showed &TATHEG 6Yer an
~opening in an enclosure and illustrated with parts broken away to nore
clearly show the attachnent of the expHbsion vent to the enclosure; Fig. 12
is an enlarged fragnentary plan view of a part of the panel of the 15

expl osi dne eeolpsurelid sibjacid tagotrha obierraéng)t)rewame%e betnsetons betpl ©e sEpsegrent

f th h
connoct ane® gEPUERE Ui iRel SrER! uRAraeeils Sy Pt e ReRED Boved

for cl argdriymetkt therelod to dpem waeh mﬁ@@ﬁhlwuw:svsl@wcw‘d iof'@pt@éﬂdr@%uﬂﬁl-u‘yﬁecﬂta pe- Fi g.
12 with the rivet connectors shown attached to the panel and the surround

fl ange ﬂ?ﬁ?ﬁ”@jﬁe%f”aﬂﬂ’@%ﬁf uncRyeffgthe ppepiag @Hhéﬁﬂ‘é'?&é’a fragnmentary plan view
of ghe portion of [hecyeRhcd@itethe b*ésb‘ﬁtﬁv@ﬁ% iH@z dr é&'uregreﬁ’é?%aﬁg@é’\foﬂgetf Wtﬁ her

details of the rivet connectors between the interior panel portion and

fl ange popluraiy &fidommed seslsingsiedning @hleastring bridge t@r@heheﬁ:ﬁrar'@r@dddm%@m?m y
Cross-s i | I

ol an-vi Ch e G BRSNS bRty o Rlisbledfortfon  Firbrocthy e

ci r cul arthe emtiogureas sotmeetad tcupnerssme:buﬂdjpm uT s tabsesaaticbf shepgmnecibatbte rébase
connectl % t he cefn ? nan {av l}‘ 8nS SI on veni tlo t he ftl an% ‘Fﬁé

t her eof FFa°F €SI r“"?cBeyhseE’ ﬁﬁo{’ H&S’&e SHE'SIIPB PENS A S0FC urfslrst
enhodi mggibsasesh@MTHiS alsbgsducks HHe feReérityiol tie pme! ol ;ﬁemﬂiﬁrdlﬁo@emor i zont al
cross-sectional vigw taken substantially along the line 17 30 17 of Fig. 16

and | ooki ng the di FB%dOBIRdotEALIRRS BISPREEMIt dRer AftE S IDRANORFIPT INe¥ieNd HEE the
PREFERREBpE(B@Q@I RIS rﬁﬁﬁ@?} Wﬂﬁtﬁé @tel 1T%Qconf¥;‘9a9§r{ Rl thé ndd ng] UL

2002 PCT/'US98~ 75? 6 Fig -10 illustrate an explosion vent 10 constructed
i n accorddifnding @fﬁh%rtmtw@ttafgﬁ @r é‘rerr@&saambmmﬁpmpwmém aeRiral iseetionma{dhe

expl osi %r’;‘\?mthé%ehﬁhﬁqgm&lggé'ESIQIOR%er@t}f%%nwg c?% re Rfty08 'Ble%eqﬁarg sufe Pag

house) t'a ther enclosure 1 I's’su ject t

exflbemnel @nd\awdmmondlﬂomr@fthwfeswwwcehﬁm terelentyt ofﬁtn@mamhtoevx@haisreimpe@ As
best illustrated in Fig. 1, the explosion vent 10 broadly includes a
peripheral flange 16 or rimconfigured for attachment in general
circunscribing relationship to the opening 12 of the enclosure 14, a

pressur i ?gﬁ. {11 it hi nd hingedly connected to the
fl ange, e%'!ﬁ@cj# BEF@ '%*?QFQ@B%]PE‘@?@P@ g'ghﬁ# connecting the unhi nged
portions of the pangkefdPed émbdEmbhthge ptésentifriion Bldeb&ibe 8 in deddil teidw @ith a
normal Iy closed position depicted in Fig.., 1 10 wherein it substantially

sedPs t HelespReR ?ﬂjhﬂﬁFtP’FT&dtq@WPErf'S“'ieﬁa‘t’h‘t’ﬁ'@ encl osure experi ences nor mal
operating pressurergard iiaQih vidwbf dnt&PiosiBA ldrit caNdrLeRE SachBRIANEOGite A GisPSUr €

is subjected to a buildup of excess pressure that acconpanies an event such
as an expeiTeshemipedimephefdbe iventinsr sharnyatiaghesi over Re operieg in 3n encoLro3ed

posi t1 01 giiryBiith s Br @k G e BRENPSHHPINE SBLRRERF thel SosR AR ©

bui | d-up a pre- gni tude t l ow the panel to o
nmor e dettaithe enhleswrpl osi on vent 10 is preferably rectangular in
CO%‘ guration Fig. 2 is a fragmentary sectional view of the explosion vent taken substantially
along line 2-2 of Fig. 1, and looking in the direction of the arrows;
Fig. 3 is an end elevational view of one end of the explosion vent shown
removed from the enclosure;
Fig. 4 is an enlarged fragmentary plan view of the explosion vent illustrating one
30 of the rupture tabs in dashed lines;
Fig. & is a section view taken substantially along line 5-5 of Fig. 4, and looking
in the direction of the arrows;
Fig. 6 is an enlarged fragmentary rear view of the explosion vent with the rupture
tab and support tab therefor removed and illustrating the openings in the vent panel for

35 receiving fasteners that secure a respective rupture tab and support tab to the vent panel;



for covering a rectangul ar opening but may be circular) as deﬂikﬂ@dmmn
Figs. 16 an r.of any other equivalent shape. The periphgraleskh e 16
is in the f‘(;*?/ﬁ]z%?égéo rectangul ar frane and i ncl udes opposed upper Sgtrgfa%?gmer
sections and opposed |left and right sections. Each section includes a
plurality of spaced flange holes 32 ther®through for receiving appropriate
fasteners 20 such as bolts and associated nuts to rel easably secure the
expl osi on vent 10 oV 7tihe" PeIgEA ffaaPenrytiiRn Wels bbiberexpiegionverd dvsatibgdné n
nor e det aj I [ j presents opposed front and
rear faceg]ltgg?%’%m(eﬁ;gs@ﬁ?ﬁ%%bﬁg)gég%g%éﬁ%h\#%&br margins 38,40 (Fig. 1))
and opposed | eft ané#ig Bihdn snldeedimagmastadiadriview lvéan ppeosiomavept Hiustfathhene
panel is hjngedly copnected to t upper section of the 25 ripher al
Prange 16H Sontbreabs 5h fie. b hanian BREorrauie mikie Wie NP GReHEEeen i t s
dosed and opened posid. igolSardsnigRee fidypdntPPView JiASs fesrihtd 8Coddcdrigr & the

wi || appreciate that the explosion vent may be oriented over the opening 12
in any onBXRIPSID YRGB StEngihersdit and theiyndersiderfd theprivatawhich éastemige rurtyregad
posi ti onednadjapnthb bBSermbifd €St veRpt tom of the opening. in preferred forns,
the peripheral flange 16 and pressure relief panel 18 are 30 integrally
formed from a singl Eigsli@ds apferdargetfregmentaresectipmag oiest thooughtdrerof e vallslye
mat eri al . ' . Of . rma continuous slit 20 or
tine of V\g%t%ggéﬁétﬁgﬁ'p%e% ngss'ﬂgﬁeg!:?rﬁ{azﬁgﬁﬁth?r?ggoépg@t"%trf)a?ﬁl' about which the
panel0 opens or bur sfig. 1The apsan pieer ofl arf éx@igonareht poescidted in abc@fiarneth aay

al so be separagtely farne nd hi ngedly connected b i nge or other.
connect or s ﬁoﬁgo?{g%ﬁrregf %TE%%WBPHF g'?e f%@”ﬁ'%\/é’?ﬂ"\’% ?M?%Iao?‘%ﬁ@r“eom HPRas
are al | oweficidsure @nd @nBtirated witharastekertaidyng rhere rsaéairlg 3heW thd@tachidenéX the
These uncut areas are severed during I '~ J UL 2002 -7 final

fabri cat i B¥PIBFOR YRNLR Hie enslostissr t he connectors 19 have al so been suitably
secured to the panekigl8s ifheh biBfgeNFadridfid)asisn Olewt BEa RES1AE pHAS DI Re
fabrjcate the explosion vent 10 atfects the burst rating of the vent and

t her' & or eexriosiorant. diustsatingdize e of meiakeess Priwegn afiareri gegmars eftheblitiestepdiog en
fromthe f i .al 1

st ai i eoch SERg RerEA wiing HRuip bREEn S imedit elkBE e tpiishelina e
pr evi ousl flangs: pedtiont thereadf rerhomesidondlatithe nmat eri al shoul d not exceed about

0.060 in. and is ingtact,. 0 1 equli . a,parti.cular
job. In the case of Fl '%ﬁiggﬁzt%eﬂ‘\’é’%%@?ﬂ“&“}f‘g ”58 %%dlri';sﬁ%rﬁg%nﬁ og't"ﬁ'a?g?vf‘élﬂ% J'\%t

t hi cknesscorineatoosishdivridadadhed lto trespdneeand the sdrbundofargetpostioactf tiewenkor panel s
t hat,are 24 X 36 10_or ,18 X 35 inches, the preferre terial . thickness is
o 0 k)t or P JAds P aRiarOed agmenian Hisi Hew oh e RS of IeeriEan o
t hi cknessillustratddintrid) 3Gma showing firtHer a¥RaNbehe Aved EGFRLIORS Hetlvkd the ditétior Pandi Ng
overal | di nensi Onﬁg()f 24 X 36 inches, and of a thickness as described, and

which is EB’H_@E‘F"U@ 829G W@%%B?’BS@&B'WPW?'P‘M preferred enbodi ment of Figs.
1-10 of) the inventi Pl('id). 3§ isasériarged ragMmehiBAS dr8sd sdtfidnadl VIEW1aken ¥bhd flesl1s
rating of -3 psig and a burst pressuie rating of 15 1.110 psi. Ih addition,
t he panel o8- 16und to withstand in excess of 1,000,000 pressure cycles

Wi t t failure of : Iy d it t he
pr esswure relief pangrg’?ﬂé%%‘r"ﬁ}é&'e?ﬁ’%@%Fﬁ‘%"ﬁbﬁ gﬁhgﬁﬁg@& ";méﬂgedrﬁioﬁrg“and
el ongat edciduyardosfgurationsnd Giilizes SRS telhsendsuppaitiebs fat copnexting the abntra) parel

connectin [ S. 54 : er ebet ween, illustrated i,n Fig. 2

et gnt - 2000 B G R 1E b AN ED BOUBR heseliahet 3, SPUSKl e pline bk g
measur ed Sumportthbs pethe fitstleddboldinetrg @sisho@p i Figs.nat £ingludive; amiiches. | n | ar ger
relief panels, .each_done noymally does not exceed about 1.5 inches jn

hei ght. In pref err ef§% g?I'FSa Pen ﬁ"l°5§;‘?‘3?|‘°'\7§|‘ﬂe“1 tﬁ@ﬂjﬂ'&’é"aﬂﬂg'k’ ag’é‘ﬁé’&? é’!@cﬂ'ons
and 3dr 99175¥F{g9¢®96§iddﬂﬁ1gﬁﬁé deeSion P WRVAfowsany nunber of domed sections
may be provided. The doneS are nomnally fromabout 41 /2 to about 6 inches
in width (valley to valley 25 dinension) regardl ess of the overall size of
the expl ogeiA i% F@l d bridges 54) 56,
58 stiffen an&%QEﬁﬁﬁg?W@g h% pane sEodl%MaB?%?l e pﬁel opens in an even
and uni form manner. The stiffness and rigidity of the panel causes it to

exert a uniformforce on the connectors 19 when the enclosure is subjected
to a pressure build-up. This prevents sone of the connectors from

pr ergd ur eEMBODIMENT OF FIGS. 1-10



30 breaking as a result of a "domno effect” and insures that 4tjheypHbke!
consistently opens at a selected burst pressure rating and press

descri bed i Wetail below. In preferred forms, the doneHCE@’Lcé?§P7ﬁs 46,
48, 50, 52 and the bridges .54. 56, 58 extend generally transversely from
t he hinge 22. The bridges are the nost rbgid portion of the panel;
therefore, this orientation further strengthens and stiffens the panel and
prevents the 35 panEbsfttinibétete agemtostim-n@hrmgt)\donétmcmenIang:rdanc‘e whtida BFst ~
2002 g_ The slit 20Q.is ferabl slightl eri meter of
Che donacrEEaersmsodsien B FeflEaishs SR Riosan Hat s B car et FPCaBBUL Ehe
flange asard bFélrﬁh@ abefl al tlag-hdLse2 tankhgi&in §1lBeor5bth§r bfcisRac el tiatshanbjeditstiance
fromthe wall of the enclosure and I's positioned on the angled portion of

the presstit@mely fapfd aldalr afpressyrasibatirgyit tur poR*BIPSIPMe relief portion of
the ganel 18, it isaoppdi@fstragd i hgh trtbeeﬁl d BRCId %édl?{?cltf’o%s 2DPkriphérabe
formed first, and the slits 20 thefeafter cut In terital using

sui t abl e fleogkilRgr fioyconfigurep tarpdisehmarb gamstaaawmspmnmmunmtq thaopasng 48,
50, 52 | | el

ol ates act oé)fg éa 8{160{&?){% P%é’r‘é%gjéglgerlllgpgengm 8 ﬁésﬁtoﬂﬁmtnn ﬁnd ‘f’}edlyﬁc conﬁgé@h to
wher euportheflessyrand aqbltfrtaluy df canrexerd €4 fc&g:@nnscttmg Iﬁm ﬂ']taﬁr(gefdfpdrﬂit&\spﬂlﬂ&l panel
opposed t h at es t.o cause.the bul ges or domed 10 sec

6" For mectt 17 Prdat 36, Théranel inghBFIE dbrce Bo0s b0 BT O REh T ant

be 30i t ahligerbRrit AlOskALRIPEeAE thelbRRing iR tROTME Ha tHe chBlosivBiekPer®rRes normal
preferably in the formof a burst tab assenbly as illustrated are attached

over t he CREgtingPreRstiReernditives. fiubthen skifts and epersamean thg eaplasyrrds sihigried o
The pref &) figdy BPeRReSd a%&w&%qgﬁaﬁﬁ@@ ﬁ'el/é(nt sDEr‘?Qé’E@EJq%toéﬁ@p?ﬁe ebr%%to%

t hi n-gauge material 15 as best shown in Figs. 4 and 7 of the draw ngs.

can be sewinfalipretelietie pangplireds chraed @asiticroBnd tharst on rreeskowberl Shd snﬁmmeum of
a rupture &S

ot ogr o) 15 PG AYeRtleg i of 3 BROke Biried FreBfie RS aRROMIRTEL BTeRY, o
j oi iéd by a connect lormbiel daﬂmhtthsexnlmsmn &nt 10 sepreferably iectamgnlar seainfigursti@y
are designed to break when the e 0osi.on nt I s subjected. to ress

Ut 1 - up 18 Saefpg = T anthiR ohSnd R IR o eBh B8 abnf oMy ST
panel to dpenequivdkentshaps. das peripsstalizings16 T thgfemobf m:&arigillaramlne and

t hi ckness of 't he mat[?rlal a?d to formthe bur$& tabs, 21 affect e‘(‘}i)urst
rating of "tHECLIRACET BRPSI SR IOMEr SREHOPRBREPRACEET e GOA Lol $8Ftigns

desi gn chatiG8es d bRratyedfepacd G holkaBS tretetBfoRigh %rﬁ‘B@Eu\ﬁr'ig)Eﬂ:ﬁrBﬁﬁKté fasteners

al t hough 300 Series stainless steel, i.e., 300, 304 316,

enpkBy ed. such@srhsits pad w@p@tqderw%wa@wbtmurﬁth@yxm%@rwewQ;pé%tﬂ@? Opefiag
pressure 192éﬂ'hle'eh%lonYr‘éH43ath‘Jéi‘éﬁbéoeim?€Jr§HH{aﬁbél%&ge The thickness of the
ruptu re tabs 21 ¥ vary from about 0.010 to about 0.030 inch, with 0.010
bei ng the preferredlfhpiersiss selief panedtidd presents parossddiont afd wac frces 36136 (Fig.

fil nt | th
vent  pand” SRREEE Bbe! dnd BeP hePGRESERET ¢ 00 rld prUeS Bnand BRSO RN, | O
about 0. G¥440 HEiEOUPDED. 'ﬂlaﬂgﬂtbf thenpariekischisgedhf cmrmeciekiltusthe appeeseation qf dhe|

th 18 24 bed b tab, 21 h

b BRnes PRPETondenBns BPaR 25: yhPE=p dy s tars PO eipdi dpeess 6 Moo
di mensi orarf opémed pdkitidhe dshddcrifébatdves STHpes skitéd in thi rgenwiliippdciateaiat the
filament 27 is chosen to obtain the desired burst characteristics, of

t he
panel . A SPIFRIDIVERY May fscerienisshaysr thePpering fzgn agy qne ¢ RHEREr Phd'ffefent
over | yi nogifekighd SH &k ﬂuetmngs‘@ﬁay ok prmm%%gééthmE s{R8 GH batiorR @fheSdifehingns 23

of each of the rupture tab . ain support tabs 29 are preferably
fabricated of |ncon#l pretﬁrre@ffOSEm ¢ pgiphesalfiange 46 and eegssyee eglieliprnel 18\ace

90r %@970 m%grally formed from a single sheet of stainless steel, Incone! or other suitable material. Three

sides of the panel are cut to form a continuous slit 20 or line of weakness that defines the
integral hinge section 22 about which the panel opens or bursts. The peripheral flange and
pressure relief panel may also be separately formed and hingedly connected by a hinge or
other connector. In one preferred form of the invention, two or more uncut areas are allowed

35 to remain in the panel during formation of the slit 20. These uncut areas are severed during



17 J UL 2002 PCTIUS9&' ' _7~:6 to above, with the thickness thereof again
varying from about 0.018 to about 0.0-" 3 inch dependi ng upon theg auened |
di'mensi ons of the panel. As best illustrated in Figs. 4 and 7, each rupture
tab 19 is preferably connected to the pressure relief panel 18 over the
slit 20 by a plurality of rivets 72. The rj.vets are inserted 5 through
three rivet holes 74 fornmed in triangular body section 23 of a respective
rupture t abflr?a]rfa'%i?i‘éaﬁ'd?f 61aRP 0Bt %Rl tha%qnédtmh Qh%l\/g%lsz:(’befeﬁ rs[m*éw Bedupéd tothe
panel. Two of the panel rivet holes 76 are preferably formed over the sl

20 and two pan#ilffBonal rivet holes are fornmed on opposite sides of t he sllt
as best illustrated i A : i meg

the secondary, cirecul gpgﬁ%% anﬂ ﬂfﬂ@&'eg? oﬁt&%%t%b llljllrsge(&ioa%&lé(%tgﬂle é( n't 1o
rel ati onshi @ﬁédt@mettimtadjl@@frthe {éntsmg iearefood issd miatt@0of diaelghfmmcbhd'mgf‘praferred
smal | portion, of the bod t|0n2 ame side of the slit as_the
i Toul B polBledl BSHoRRe My bGP SR 298 TG Rel Tt ofpedroBp a4 B 16
si de of t hegstginldss 2%dl HeAdt ﬁ%fém@yosaﬁtapgfbpagte ihaend1liiBy. 76 SR0BUEIPGRIAE tAe

corresponding rivet 72. It is be observed from Figs. 4 and 7 that the

triangul ar HEkpessoiie met%re?éw%mheéce%a@yt PHERIsiand dniddastchepernia mget the
rel ationship b oe 3Lk o?ggawﬁh'aﬁotbhﬁ\ i ka4 &a e p?ﬁéltﬂ'\ﬁr‘s ?@f('ﬁ’; |ha‘ﬁ{§t §6hdtdridh®

proxinal rel atl onship t ange portion 16 0O he pane fustrated
in Fig. 5, Winkhess afebod0.pa¢Ingkibes beerhignid ebasriistaciasy.abonrangld thatane 24 X 36
di anmet he [ 0 t .

ST oo W B e BB TR PRI R U bl
di sposi t i ondbhchdwe thre prefesredmaieﬂal thicknhessab aacmd 0058 iha dtor exarnple dnprebeard relief

t th b / d i th t h .20
Posi t 1 oned FABHEPEIR SRR LY BRePn o 20k o6 Bohanid of b est o Spr e bR aee adtidin
support f oristcBRstarms in\lacbb}ﬂuhc@fvitemblﬂﬁ@etré@eblbb&fi‘nemt esmgs. e - 1(Abf the uwfentads}eas
panel as described in nmpre detail bel ow. ached to the panel,

a th
burst tabs 4eFCEREERRICHAEHGRPAT § VATHIN ‘("Wé“%ﬂ rI&‘t'6$ 0}'3tpﬁ@ AHA Bl eisé‘r"%lfat'gﬁ of

angl e gy eat £R1( b@nlréa%dmsm@anéummfédm td Wdandli eR6esB©61,000,0068 bfet&@ cyBles
Fig. 2. This orients burst tabs in nearly the sane direction of the
bursting orWFQPA%IfarH'@]r%‘?”Q%V?We panel . Al though an angularity of 45 is
preferred, satisfact ofpyact&dbhéswititie F@sé’m:ﬁ‘eﬂﬁ% tHe pi*@é%%f'éjr%ﬁ@r%a%ltlg‘fohﬂ@d with
present invention at other equival ent angles dvant ageous bur st
tabs 19 and@ pliumtssofmtwmglyt%teaﬂma@néelqﬂeafﬁﬁé!omﬁépctmsﬂﬁﬁ@@goa@%lh@t prefasfined
the explosi g, ¥kl d’éfdoﬂﬁé&ﬂnb%ﬂ 68 AMEH6 RRMIcRddh, ALSHATLRR 1h By, ¥oRk bt

Thi s permts a uant |tyo vent's e manuf acture n stor
until 20eady"st ofrthasieme Gecians of awene! that is &8 \24 ioehasrandaneasurasiiTor theaparipbarair

nunber of V. i r u

W thetand rERg B ERtabl EanitRY, I o HIEPEa i, Sach dBRel Remaily kBs s
the desir edeMedab@néﬁluclmsnahelggt fiw preferserbiorms dhapypiosiant veohinoltdesiour éorned
This permtg ' I r

arger - quartatPE SRl e Bfbrok bt sops RiaVRY iy R Hoeh Sebftsdney be
i nstall ed. proV\ﬂb@QTtﬁeQ&'@neslﬁelﬂGfﬁuia\SQ&bm abbtt 1/R tatdoutl IncREDIR width gekdliey toovallepn
el ast nc ea 73, 1S ef er rovi d«%g over, the underside 36 of the
panel g@gglpﬂ)grelgg gfﬁ%/eg Y 92501 IDg EXRIBFIOLYRA S0 i n overl yi ng
relati onshl p to the umd@dacsméteses&noﬁm "8 \a8, szzﬁd@myessmgseassﬂmcahuwd rigidity
connector 19 to the panel. Advanta ‘e—o_lTsT_The el astoneri ¢ seal 73

formed by siorthgpang! 50 1At Fr@cﬂ?@e&?ﬁﬁﬁgﬁfﬁ%{ﬁnéﬁdﬂﬁ'f‘trﬁ‘éﬂmr Tf‘ﬁééff'lﬂsstaﬁé rigidity
panel acr osg b 'ptanglocahQéQHgB%%rttah‘r“mfbﬁﬁ%r%é’@hrlﬁé cErieRtrs tI!?“@\P’H%ﬁ?%fthe %nclosure is
preferred sealing agent is an iron oxide based silicone m xed

suf fici ent sibjEvtethta @ pprssuie: bullgrupyi dhistArevents sayne 6f iﬂ@ec%lﬂﬁq?ta@eff@’ﬂ Ptfﬁéaturew

panel agThe BRLAKDSSS: Ayl BP SRk Lk Uy TRY AL enDon SO A9hYnd 3 o

about 0. 020 a seal coati'ng may al'so be a
upper surf agseciéd bimat measurpaatmg andrppessusd ag d@ﬁnbed o mgremmll bﬂldin t he

seal i ng agent on the nd e of .th eI t he aIt rna
enbodi nent, the el astﬁ'rﬁi? ege 83 ATSn e ‘goé’[r‘)ﬁdﬂl a ?Aﬁé@
i s adhesi ve$a/e>a@ﬁdlg@ﬂbrbm/ tirmv&@bgqmmem@@m ﬁhb%rﬂﬁé@éreﬂﬁéih@ét fid€ pbARN of

surface theéreof across the slit 20 as described, wt referred sealing
agent agai nthe&RAE: taesqfqarﬁpthtﬁor@n\aﬁ'e@Wéth%ﬁ%&eagmen@anqlﬁmfea&the@aag' agd PERMENtS the .

35 panel from flexing or bending while opening.



15 | NSTALLATI ON AND OPERATI ON The installation of the explosion vent 10
over the opening 12 in an enclosure 14 is best illustrated in Fi ﬂs} fﬁlﬁpp
2. The wall of the enclosure adjacent the periphery of the opening é ou
desirably first be equipped with a plurality of outwardly extendi ng and

t hreaded studs 82. A netal nounting frane-84 having a plurality of spaced
hol es 86 therethrough is 20 placed over the studs and secured to the

encl osure wal | byhasiiladrigpreferablly férhmegatightlynindide 88 peometes df the ddneedsdastions e

frame also includes a pluralit f spaced ut war d| t hr eaded
Sl ads 001 it Samo th e Ppaced o BEe v e POUE FEHLS RIq & Mifn Dutn et i

the nmounti ngnddedBsrd didtam@Stdrh &l Vil cWﬂfe éﬂcﬁﬁg%%@goé’rﬁ’o@‘d%n th@%n@EH‘PBHBH
frame studs 90 A rectangul ar frane-sha aving a plura

of hol es 94okihegressuig refief pang!| Bngle th@lf@te'lcéQOﬂ gPWﬁefﬁ"ﬁfilp@Ct&m ohibe nanel 18, It is
mount i fr oyer,

f1 ange@are ?Ig%r?ésdétﬂétrtgg dﬁ?tgé{%@&tldnts 480§ "0 5 fe dbﬁtgg‘ﬁrﬁmand sfﬁe ue?é'gbeé be
screwed on titén ttrmmnﬂtemnju"smgseutaiﬂmtdsl:r@orthaga&me 98r|nst§and:m thﬁdmaebmmm

t he endosur l_.and th ntin [ ane aced
et ween ¢ hedtrahi 2 P b rerBr oY efiqih bR Biste Bup O Btk meliheigles BB s
seal 30 thereridHgORk BpenifftectNirgups pahe (oREdImed, éiohqbr@slahﬁéd id eaixertd@
is installed, the pressure relief panel 18 covers and substantially seals

t he openi ngaeaznttrth@ freectidhe gpel anPOS%e 19 irgosng pEtent GuisP dne Sulgebpeepmgd
to norql opgsidhi RObPIRHEH iPhe hé&l8). DL RYSINGSrElukehs FRNAl0 F£WBE Baeh rbutnB'té be
cl osed position. Wien the enclosure 14 is subjected to a build-up of
pressure, t$iédtapledosdenaingtef theepansl.an outward force on the rear or interior
face 36 of the pressu n
turn transfers this fgﬁ%é&tdc?% toh??%ﬁfjthsltwatrgﬁﬁ %rfw&hg]g?(t”ﬂ‘eaparz@ggtut? Ié%Bw : atagp
to a predet Bustiatedianesdtachaciever theslit 20 betiveemthemresspe refiefpapelr i§ungrtbe flangs 16.
break so th ' m
therr corr osohaferied SirhEboRERaNGeL beageh) Be0yER Aadedbid R (TRRALEL fotérh
relief{fuaneés bestshovan moEngsvalraﬁdﬂ afthg dfamangst Hte:aerbelwsufrenftbeseﬂweethbhepcﬁt of

th i t t t f | ot ti

i o1 ng npeaRgs STt er A tnellre 19T 2T REVES Hirkte. B a7 556y
break, the gstieh 26|Dﬁégrah;tcamneoneu tod berkraldtaireulbt, simallérbréskaniag aestizoh d5rjcined by
Fi 1, 7 d f he,.hi d 18 ,of.

o diy e A B R S B S eRbot et e
spanni ng 10e>ad|¢§uor2\£éms8hbreeteea§e pfdsairedRpO-Sp df ed@e@etatmﬁémnagmmded@t:emmﬁe

slit 20, and the fi|anent portions 27 of each ure tab 21 nust rupture.
It is4this eERBIRARISHRA0E! t?epeaereb%%t atstf?sFﬂ?Féitb?ﬁ]‘g'Q and rupture of

respective filaments 2ie Wb@tof@méﬁal’bﬁd tHieknbsg 6ftth® heasridl Gs&d tol Ban W BurdOtabs
while at the sane tinme providing required resistance to rupture under the

vacuum cond?1 piterts Riiberet fativowbine eiXE'°§'GBjV%'&tt1Q@”G anre,f@reug eeneyl"m etter fdesiga
fact that t .éer'ﬁtw,sve?errreeoadrstqaes ﬁﬁa@foﬁﬁ@@fr@ﬁt lhEt?neiL%ltthEﬁHJﬁ(ﬁ) 58 ddinless
| ocated in g relationship to slit and the location of the rivets
72 securi ngStéale e.080q, [@94tar BaAgupwube ﬁmP!QYQﬂs|”239nQJf'S pigirriadedbacapse hat allpghas a
enti r625asseg}égyer|b§r ﬁe's%n%@tathlﬂgt! ARG fe tel'gt quhjqe()pﬁ{e't szﬁ’és}?rtﬁ i)fﬁre
durlng pressure c vari ation at areo val ues 1ess t ant ressure
required t otabéf:blctnayp/am fromo b k010 & Bbowteh03Q irehi witbrd.0t0 being tbagnréfeueé

Ot on bSO bae T ReTFE o6 B e e TR B A Udd BB oo,
t hle SLII t | 20th_eawdratflltdlrﬁedslommfgf_ thetvenhpdrtebn‘rhqowelﬁsufrtee cﬁtameeérs SV ht;attnormadtwwitdlmrtheg
pul sed cl eanin t do exert ovar i ng .or .stre

forces on fﬁ”@g@g b%ﬁtqgtﬁﬂgaé @ff i mb?ﬁ?s@?farbe usliative v p?i‘g'”,l@'%% 2
resul t3g t hejnds&d 4 dbédriBe®fabblhi® avepturd Gab 21 ngtm?iaqmem‘eed ol 9. (A 0GAES pRYsraBe 9f
a succession of forces bei ngt EEpI ied to the filament portions 27 of ru ture

tab assenbl Peyided wifhe fliatest daauidp dimangion efhrbqut {049 inche DhBe &xgnsoecs
vent 10. Thg.pQibhk g%hqIarﬁétlﬂ@‘?récﬁo@@ﬁ}o?o%ténﬁ'th%\ﬁ%&utéﬂ mﬂstrcﬁg}at e?ieﬁ&'o@t@e @eﬁ
triangul ar portl ons as the |'ament portions ach e
rupture tab assenbl i eé tr2petcida-shapged ﬂmpoetabfZ@r(ElesB)tstmfohddatanenerlmgrelamnssmﬂ

and m nim zgs endi n d stress.for ot herw _se .he ,appl,ed
Co the 11 et o Peem Bl BBen it 293 ethib e Lt 1B 2 ARuhe
to whiggh t heymept tasd Zmar’éﬁzjﬁéfeﬂa%lybemcﬂﬂﬂrﬁdmdlumdf@eﬂeﬁam stginflss sleel &ogluded
filters. 30 Advantageously, the doned sections 46, 48,150, 52 and bridges
54, 56, 58 stiffen the panel to an extent that forces are nore uniformy
distributed to all of the burst tabs 19 when the enclosure 14 is subjected
to rapid pressure build-up. This causes all of the burst tab assenblies 21
to rupture at essentlally the sane tlne SO that the pressure reI|ef paneI



subjected to |ocalized bending and flexure as explai ned above whenyt g

encl osure |§g§¥$4 ) 5 between pressure and vacuum condition S JaE-eMaNt s
the burst ta ron1prenature|y breaking fromnetal fatigue and further
.reduces the tendency of the panel to pregaturely open. Wen the panel 18
opens in the forward direction, the pane9 can readily slip out of the shank
portions of the rivets 72, and thus the only resistance to opening of the

panel 18 $0s3poye. ¥eihi 188 1HFKASSE dRRRET BSRIP i VGRENQ TroBY 2Rt Ll HIPRREr URALINE t ab
assenbl i egerhginkQJIPAWEY S¥erall tions, the orientation of the
rupture ta%%,s'snénbp'dﬁes 1er€v| ?ﬁ%?gléﬁigﬂﬁ%k%ﬁfe done sections 46, 48, 50, 52
of the panel 18 pro%ée@ llkwattatadnrsfagwrandfbﬁache:ppaﬂmb 1Biswirelecably ednheced ng
t he bur st ' Ve Furt.her nor e e the a 8

is for cedtoatg%lk’ s?&fe ﬁée‘r‘l'(rF sgg%‘%gh% 20%515 Ff' %P |f/”{e§s 7é2n""ﬂ—,é‘n searlgn%’gbe%dge
of pdnel mSOL@eﬂhneedwéthoﬂaISIM f@nedSh grantguieanrbdyr axtiet 2816fea neSpéd:\NS roftherss2by

the rivets, thereby.incre ng t he ility of th acuum panel to
Wi st ando GO PR g KBS (URTORRZ5 0TISe EMRSTEl | BUP B ibC B RRAROES . o
be used Wiflehprersssly Soriieatovar BeSUbpeahednd adaxaswm&rreﬁés%re foHkdl & oPRBite
houses wi t hout reinforcing the panel or w thout using a separate vacuum

resi st padiees of thendis aﬁé’éﬂ 'H!ésct@F‘?ﬁ Rtos Hagndf- e uasi et belgt 74 © fedrest nde] ed
in accord t Sahe

above. ey he i CaRER P e Beker At REGLIHAR p AR JERAEAHR LA B bdacen

di f f¥ ent $edment ebslitz@ssorteatanaugs atsnﬂaalltpqimrréﬂm&bcpﬁyesssmre% iBonahe eamaaside of
only, exp 0, n cordance wi_th the conc

ner oo 1 oFSIEk 8 SR BR ARG o diivlch 25 FIEORRIY o' behPiscie 8T8
about 5 psit 20 frotrhtbe bade sedtioa 28e Mhe aldsvg @t,errad:élvdh nﬁrm&lp@ﬁSmgfnvabmJtlt d4oin.

by 69 in., fromabqut 1.5 to a 5 differenti essure . in the .
i nst ance 3% © QS?VBﬁ?g%m v &t 4@??23}‘%‘%5&&?%3 eecggrbét} éi)f CE‘ yppreda 21 IS
a di f f er epddidnedSn Bpasmibg eeleﬁoneh@ub sht 50 LWhib@idtcireulBs tabWhdriior ©5 RE fcafed in
smal ] er vents which nmeasure about i by about 12 in. EMBODI MENTS OF
FI GS° 11-A§XiAi3) §elationshig o rhqfangatpeﬂeﬁ 1§>&§I“E%Pwlvent 10a constructed in

accordance with a 3Qsfgarieh WFE;S & bsch REPPS|ERAkS Qfsh%‘l@m BH@Btrélgﬁvelﬂ_lE%er
epr05|on vent 10a is nearly identical to the expl osion vent 10

first enbdameientesd 8¢-néhg fm@rﬁdwer&eﬁéhr@ﬂgh the %ﬁﬁ@héﬁlﬁg 7fandie e&rpﬁ' b@%n
t 10
'he sane hanoraf® PuFicries B R penelP g Upapiol Bflne Areks B noRMLAAE Y
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i nt egral ammmmemthdhebtelsermtﬂm@tuaﬁﬁt :bthertequ.e\rdlaﬁenglbe burst tabs 19 of the

first enmbodinent of .the. inventi ecifi le 110 ut
through the upper | 8FYaRgsQURlY ‘BethEQbaiﬁe"l% '}Pp 7%?”%% z?é’@ﬁ?e#(sﬂtggpane'
112, 114 a1@irfvédibtefy®etite tHeexplodioR Veitis MstaliB€ oh aﬁtenabaﬁe [Baét.@sld?n@é tHehentprnel
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bet ween holes 122 and 124, a slit 150 is cut between holes 126 and 128, a
slit (not shown) is cut bet ween hol es 130 and 132, a slit 154 is cut

bet ween hol es 134 and 136, and a slit 156 is cut between holes 138 and 140.
The slits 142, 144, 146, 148) 150, 152, 154, 156 partially separate the
unhi nged portion of the pressure relief panel 18a fromthe peripheral
fIange 16a However, the reglons i 25 betmeen t he palrs of adjacent holes
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A plurality of spaced rivet holes 160 are also cut through the panel 18a
along the length of the slits 142, 144, 146, 148, 150, 152, 154

Rivets 162 a¥B%A€Pted through these hol es from the inside f%ﬁ%pgmé J U
L 2002 -14 of the panel so that the rivet heads 164 are p03|t|oﬁe&u #
inside face of the pressure relief panel-1@s best illustrated in Figs. 14
and 15. The rivets 162 provi de vacuum pressure support or resistance for
t he panel . SpecificahbmeMMenemhmn&mcbemunesb&ﬂsamyemmeddbomvaeummrsde36
pressure, e pre re relief n l jected to an inward force
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central circular segnent 206 t'hereof. The 'central segment 206 of panel 202
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bri dges 216,218 and 220, respectively. The doned Sections 2
aSSOC|ateémVaFmﬁwﬂmkﬁw¢ﬁﬁ§a®ﬁﬁ@@es 216-220 are of essentially the sane
configuration as the doned sections 46, 48, 50, 52, and bridges 54, 56) 58
descri bed above. The donmed sections 208, 210, 212, 214 and associ at ed

bri dtﬁes 2SS TARIUATIQROAPORERAEIORDI y 25 oriented such that bridges 216 220

are in generally pe end ar ationshi I.nal
hi nge portion 224. églgh?fb?firtﬁ%ﬁfpl?ﬁ PLEN etD 368 %ﬁe i‘-ﬁeg'“g %‘”t”ﬂ&”‘ﬁ% raI
portion ofs Wfﬂlusﬁ@@di IE mgsmiaienlz WThB vaill dlitieel8hdtostire bdjé’é’éhthl@élpﬂg:héndof the

segnent s 222a and erm nate | n spaced re| ationshi
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di st ance éfu@mszneA athhRbuhttgdeind 184 ﬁa'v’lh?gﬁbhﬂﬁﬁt? lopBpatéd hbrk E‘Iﬁhﬂer@ﬁﬁw%ﬂ
segnent 206 of panel 202. A serl es of holes 228 are provided in the flange

por t4bn 2place overnkhezﬁed% and gecureq ia thegncipsHirowell By atn'wa%rw threadedcuty §f3ar
openi ng t bgkeRle8loPiHRVidES The tfﬂaw\@ké ifudeBe ;Slgf%htly'6f%p5&db%uma?élﬁ%&ﬁgdlnbjp0n

occurrence of an explosion or other high pressure event wthin t

i nterior BFeadad siuds 8Qinhgaehefitosheles 86he fil aments 226 all rupture
substantially at t h%hz%aé;ﬁlotsloﬂgent 1%) 15 tnénléel:ur%Q‘?@m\é‘%&%ﬁéﬁZQ.e 8]4 IRI positioning

the flange holes 32 over the mounting frame studs 90. A rectangular frame-shaped clamp 92

25 having a plurality of holes 94 aligned with the flange holes 32 is then placed over the mounting
frame studs 90 so that it covers the flange 16. The clamp and flange are then securely
fastened to the frame by a plurality of nuts 96 screwed on the mounting frame studs 90. A
gasket 98 may be placed between the enclosure wall and the mounting frame 84 and a gasket
100 may be placed between the mounting frame and the flange 16 as illustrated in Fig. 2 to seal

30 the explosion vent 10 over the opening.

When the explosion vent 10 is installed, the pressure relief panel 18 covers and
substantially seals the opening 12 in the enclosure 14. As long as the enclosure is subjected
to normal operating pressures, the pressure relief panel remains in this closed position.

When the enclosure 14 is subjected to a build-up of pressure, the pressure

35 exerts an outward force on the rear or interior face 36 of the pressure relief panel 18. The



Pcrius9sn 7sa6 allowi ng the central portion of the panel 202 to nove
qutwardly as such central portion sw ngs about hinge portion 206.7 Rypfr e
tab assenblies 219 identical with rupture tab assenblies 21 as depicted in
Figs. 1-10 hereof, and described in detail with respect to the first
preferred enbodi nent of 5 the invention, -4fe provided around the perineter
of slit 222 as shown in Fig. 16. The rupture tab assenblies 219 are nounted
on the cir cpdret inpanetraraffere i datoto the miurs? dbsi 21 . t Orecesthampressune buitds wetoca plaed

with respect .to rupture djsc assenplie d the assenplies 219 function
in a rrangeréeéﬁr@@'f‘? ”i%@'t%Arfrréh%\zl""ﬁi E?‘?”f?eé-} Pﬁﬂﬁeﬁl’gﬁfre Q%Brreé‘gesroe glthggcircular
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and the rupture tab 10 assenblies 219 respectively nount ed on t
under sur f abds pérmitséhexpreesure gelist pargbto shiét oulveardly waptigmibe englogure @y Lmgpvering
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equi val ent damddeotether endloausd.y Aftesdhne badt itab diebents abdveak, Ah¢ lnaoethoddme at a
i nvention has bﬁ@?ﬁ; gescri bed with reference to the preferred 15 enbodi nent
i 11 ustrat eIt ached drawing figures, it is noted that equival ents

may be enpl oyed and spbkstbitewbsened eaerigeriei7nand & fizitin slapafor tHethifigedpdnde1s
scope of the invention as recjted in the clains. Havi g t hus descri bed the
pref er-ed Y8Rt HIRMeye quiwardiyyeltiyeinio thp flenGeporion Wesicreer. dan a7 4 SRANIAT
to beqprot egi selnfast He%%@fr%r’npcﬂ)gﬁgéd édifek eeipe phhel dteﬁﬁihgwm; arthe filamend pbttibns
2002 WO 99/ 36970 PCTI US98~2 i5?6 -1 s WE CLAIM 1. An expl osion vent for

covering arfopf&afchduptiraatabeonestuvriuresdl i§ teig sPoSington ehieleasasf thsi igts &2 and

peripheral {|aRggs r%QBéétQF Fi%ﬁneg@ 27|'°1fhfsﬁE$‘rﬁ‘FBf§tthé Buﬁsi‘ﬁre%gﬁﬂegﬁ‘tﬁeeve?gﬁﬂf\%ik@ the

opening; 5 a pressure re ane ositioned within and hingedly connected
to said fl| ssagee ffroe providindireguiteddesisibaeednripiiireynderdhe vyapuueconpgidinnsighish the vehe

encl osure 18 <OHBLER ANk BTGB B8 AECHE HisRuRRDolhe Y (14408 ot ine

outwardly fromthe enclosure east partiall verin e openi ng
when tlbe enoplusaltabsi is udgadaxt icbridging rblatibnbhipptocdlit RO emd Uhe lashtien of the rivets 72

pre-determ ned.magni.tude:. and 10 a.pl It f._.CO to for nnect.i

sai d panel YEULH ?ﬁ cggla,eetrgﬂgu%%qr}u%ﬁ% ffr Lﬂ#{u%rt%%(?ﬂgg%@ﬁe?g%erﬁtﬂ%lsdgﬂ?{égfs
subj ect ed tto uhttevapd iptiee endopedngeigpansiudeludhg peesse cycldvariationpthbitare of values
permtting sai nel to shift twardly fromth cl osyre faor uncoverin
Phe opent sdEstineh e Mauired e e tantnba SF bt 1 BEia¥ tede Ry B 5RERAITT
of domed sestthélike. detdbagett frdre &5, 406reeximplys thelgRe filaeiepib pories 27 bosach rupt
stiffgni ng sai d_lpanel for rmrg unfg;:orm / aipstri au(teiln fgrgce_on s,aiaolC rupire
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of pressur eypdks|tlatWecur during pulsed cleaning of the bag filters do not exert untoward bending or

stress forces on filament portions 27 of the rupture tab assemblies 21. As a resulit, the useful
! life of the vent 10 is not decreased as a consequence of a succession of forces being applied
to the filament portions 27 of rupture tab assemblies 21 that would unduly shorten the life of the
25 explosion vent 10. The provision of support tabs 29 in overlying relationship to the triangular
portions 23 as well as the filament portions 27 of each of the rupture tab assemblies 21 (see
Fig. 8) reinforces the filament portions 27 and minimizes the bending and stress forces that
would otherwise be applied to the filaments 27 during intermittent cycling of the pressure
conditions to which the explosion vent 10 is subjected during cleaning of the bag filters.
30 Advantageously, the domed sections_46, 48, 50, 52 and bridges 54, 56, 58

stiffen the panel to an extent that forces are more uniformly distributed to all of the burst tabs

19 when the enclosure 14 is subjected to rapid pressure build-up. This causes all of the burst
tab assemblies 21 to rupture at essentially the same time so that the pressure relief panel 18
more consistently opens at a selected burst pressure level. This also prevents the burst tabs

35 from breaking in accordance with a “domino effect” described above.



2. The explosion vent as set forth in claim1, wherein said peripheral
flange and 20 said pressure relief panel are integrally forned froma
singl e sheet of netal and partially separated by at |east one slit jdefilhi ng
a hinge between said panel and said flange for hingedly connecting said
panel to said flange. 1 3. The explosion-{2nt as set forth in claim2)
wherein said bridge extends 25 generally perpendicularly to said hinge. 4.
The expl osi on vent asAddtionatly,tdindenthal mirst b adsenblies 241 ektawnimettiecsoroximatest
of unslit portions of said single sheet of netal that define fil anents
connect i ng HECHOHE:IPRFRY & OP?'H'%%Q'C F?é‘ﬁw%raé‘gi?r“@“?eeqh?é‘la%‘é’ﬁé“.pp% ryetsTie
expl osi on veite & skl {Paddab Bs&drbids 21 tYRRUEES eSRHalIFAVHIC IR Tur&OASd Sb ot
rupture tabs configured for attachnment to said panel over said slit. 6. The
expl osi on \sehiectes! tgdacafizad beridinacdng fiaxgre anexplginedsaiave whenitee epelasure figagyicha
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said slit along.the exterior face of saj.d panel. 7. The expl osiop vent, as
set forth | WRENdinpatel i opras intie foedsing it e nas! Gt eeORTIR APhpkiGE spark
supports pewiriidnang theriiits Baiahd3hid thb @hlyresisrnéd M peRdgRAR] pdried 8 shhé kbnds
inwardly into the encl osure when the enclosure is subjected to a vacuum

pressure. ©F fipmenbrprtieas h ol eaitespending ryphye fieh #Hsemaiies 5! sai d vacuum

pressyge supports CormeveR Undedbldh Ednditehs thadtlehtatiBs Srth&RiptIE iR s8RAblks
panel and positioned over said slit for 10 preventing the panel from

shi fting i rdewith sespestdo thecdompesastioneAtuddn 50,52 g RrNeH €8 PEpvisigsjvaeusd suppast
vacuum and ¢f,08, ESHMQ'SQ?thEB’tﬁQJ_ebWhQ%ﬂFQt Peling fof fh@%xblﬂngpgntt@b'Fu%her-l:r%are, when
th'in claim38 d

expl osi on vent as set ftor _ , rein sai rivets attach sal
rupt ure t aliise paned 48 & fpeead bgainet thativets,|the heads ph thegivetsieagaggihedinen edgmof manel

t forth i " ! . ' : - _
tab havi ng b STEEBoHs 200 p Eh s lnahk h SRRERG RS (RS I HBL L e
and a1bi I ambiity pbtHei vartupmi paned) ta hithstand absighifigaot vaauunt. o Thaeivet beatidaaliovb ddy

portion) said main b ortion bein ecured e nel in bridgin

rel ati onshieﬁ(p'toﬁ'ogé’faﬂpgﬁetplfsegn‘ﬁﬂ% é?%fe%e‘i‘Sﬁ%f&rsyb%te@gﬁygﬁb‘iﬂt‘ PO %hsa%ctlﬂged

L o the pa][lqriouisésd\wmmﬁ_ geinfetaiig mawga drwmmbk uhﬁg@é epasate ?aéti;]drﬁfﬂiﬁiﬁt ppoelt i on
eing configured in the range to br upon bur st i of t ent causin

the pressure panel pd&%S&ﬁeﬁﬁ%’PéfB'Pe?@‘aéﬁi?%P'Q?WPQNQKFOPF%%?‘?%@%%&%r th

f or uncoverh@embbeinPEesi the inRaticNEdRsbEé®in Railldbovd htay@eabAtatad Yeoherae FRf

forth_in claim 10, said explosion vent bei nqwgrovi ded with a support tab in

|

over | 99ng rRraL BREIR BNIRCIHEEraRiiEhPIESRH DAV B P AAMASRNSEC PasSHIEN S FHEXPBIR IS f

Eacg_ rupt uggw, aRp1babn Vel Wednkitetbd lrrdBrBEdaned Wit hea@micBsts HeRorkd ggdtate
endi ng an
J and open at a differential pressure of from about 0.5 to about 5 psi in the case of a vent having

' overall dimensions of about 44 in. by 69 in., from about 1.5 to about 5 psi differential pressure
in the instance of a typical vent having dimensions of about 18 in. by 35 in., and a differential
25 pressure of about 1.5 to about 5 psi with respect to smaller vents which measure about 9 in.

by about 12 in.

EMBODIMENTS OF FIGS. 11-15

Figs. 11-15 illustrate an explosion vent 10a constructed in accordance with a

30 second preferred embodiment of the invention. The explosion vent 10a is nearly identical to
the explosion vent 10 of the first embodiment of the invention; therefore, components of the
explosion vent 10a that are similar to the components of vent 10 are identified by the same
numerals followed by an “a”.

As bestillustrated in Fig. 8, the explosion vent 10a broadly includes a peripheral

35 flange 16a or rim configured for attachment around the opening 12a of an enclosure 14a and



stress forces during pressure cycling of the explosion vent.
expl osion vent as set forth in claim1l,qgaid pressure relief panel %elng
generally circular configuration, with said bridge extending generally
per pendi e | i d

Doy B )05 R85 WEGHoA GuMETLAEGLS) Shnaiely RIARS e

encl osur eréseureveéﬂer m&ndb :rmum‘esua mlmhﬂydehﬂometi hsettibhe 46acl4darsa, S’aaadand
expl osi on vent conpri.sing /36970 -18 a sheet of netal having at

| east oné"&ICPRANGAYAY @r'mqsré&a é@%fﬁ?@gdeqﬂcw tg g pn CpReqd Bl 7576 a
peripheral flange %@ %’r?é?glﬂfa%e 4 A PrEddurt Féh%\*b%n@ 'aﬁ?gérgé&?@yﬂﬂ%@rg& .

openi ng, a pressure re panel positione
and subsfameddtdnya 5ir@@$ha®g ot stainepe nieeyondtber suiteble metalshatds icet aruslif teatefide t 0

expost ngBuHE pem g e PRt aral o3 Ibe oS FHEY e g SerB LSRRl Gt

pr essur eHofvegen UAKKEEhE Vet OGS mnstteuﬂlmdmaﬁk i | trh; ingentibarthbierpiesiby vestmoaas i ng
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slit. 30below.

A slit 142 is cut between holes 110 and 112, a slit 144 is cut between holes 114

20 and 116, a slit 146 is cut between holes 118 and 120, a slit 148 is cut between holes 122 and
124, aslit 150 is cut between holes 126 and 128, a slit (not shown) is cut between holes 130

and 132, a slit 154 is cut between holes 134 and 136, and a slit 156 is cut between holes 138

and 140. The slits 142, 144, 146, 148, 150, 152, 154, 156 partially separate the unhinged
portion of the pressure relief panel 18a from the peripheral flange 16a. However, the regions

25 between the pairs of adjacent holes 112,114, 116,118; 120,122; 124,126; and 128,130 are not
cut. The uncut regions define a plurality of thin filaments 158 spaced along the unhinged

periphery of the panel 18a that serve as integral connectors.
These filaments 158 serve the same function as the burst tabs 19 described
above. Specifically, when the enclosure is subjected to a build-up of pressure, the pressure
30 exerts a force on the inside face of the pressure relief panel 18a. The panel in turn transfers
this force to the filaments. Once the pressure builds up to a pre-determined magnitude, the thin
filaments break. This permits the pressure relief panel to shift outwardly away from the
enclosure for uncovering the opening to vent the build-up of pressure out of the enclosure, thus

preventing or minimizing damage to the enclosure.

A plurality of spaced rivet holes 160 are also cut through the panel 18a along the
length of the slits 142, 144, 146, 148, 150, 152, 154, 156. Rivets 162 are inserted through

these holes from the inside face




17. The explosion vent as set forth in claim 13, said vacuum pressure
supports conprising a plurality of rivets inserted through said pahdll g
positioned over said slit for preventing the panel fromshifting i nwardly
i'nto the enclosure when the enclosure is subjected to a vacuum pressure. 35
17 J Ul 2002 -19 18. The expl osi on vent-14s set forth in claim17, said
pressure relief panel having an interior face in communication with the

i nterior ofofithe panriiso hatéhe et heads 1 ate ppsitienedaridhe insiledaes of the pressure selief

wherei n sai i ' said panel so that said rivet
heads are pgasletllgghéscﬁé%tr%%gqéﬁﬁgr?%%%’gg’e of the panel. 5 19. The expl osion
vent as set forth in Thativetd 162 paoviderassur greselre alipppanel rebatanog farthe panel.
i nterior fage i.)p omyuni.cation wi.th the interior of the encl osure, wherein
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-face of the panel. 10 20. The explosion vent as set forth in claim19,
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connecti on {®d&cribe@sbovene of the relief panel and the peripheral 25

fl ange; a breakaway section for connection to at | east one of the relief
panel and the peripheral flange and being generally on an opposite side of

the slit fremgomMERDOBEIES0IE-1ANd a narrow connector filanment joining the
body section to the breakaway section and 30 being desggned to break when

the eXl osi on vent isTkaiBKRIesied vest 209 rasslustetesin bigs- df gndedierdffans e the
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t he body section tonprises a generally triangul ar body for connectioh to

the relief BSrqehnas can be peenyfromihese gssemhlyschemafiy depigtions, thgwept 200 includes a

- ABHY. A, e. é\%%rd%‘dgné‘b?ﬁz ﬁ&lﬁg Gh annular peripheral flange portion 204 which is integrally joined to

the central circular segment 206 thereof. The central segment 206 of panel 202 is provided

20 with a series of elongated, parallel domed sections 208,210,212 and 214 which are joined by

respective elongated, rectilinear bridges 216,218 and 220, respectively. The domed sections

208-214 and associated valley defining bridges 216-220 are of essentially the same

‘ configuration as the domed sections 46, 48, 50, 52, and bridges 54, 56, 58 described above.

The domed sections 208, 210, 212, 214 and associated bridges 216, 218, 220 are preferably

25 oriented such that bridges 216-220 are in generally perpendicular relationship to the
longitudinal length of hinge portion 224.

In the embodiment illustrated in Fig. 17, the peripheral portion of panel 202 is
provided with an arcuate slit 222 having end segments 222a and 222b which terminate in
spaced relationship from one another. The adjacent ends 222a and 222b are spaced apart a

30 sufficient distance from one another to define a hinge portion 224 for the central segment 206
of panel 202.

A series of holes 228 are provided in the flange portion 204 of vent 200 to
facilitate attachment of the vent to a circular opening therefor provided in the wall of the facility
to be protected. Upon occurrence of an explosion or other high pressure event within the

35 interior of the protected enclosure, the filaments 226 all rupture substantially at the same time
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build-up of pressure of a pre-determined magnitude; and
10 a plurality of connectors for connecting said panel to said flange and configured for
breaking when the enclosure is subjected to the pre-determined magnitude of
pressure build-up for permitting said panel to shift outwardly from the enclosure

for uncovering the opening in the enclosure;

said pressure relief panel having a plurality of domed sections defining at least one

15 bridge therebetween for stiffening said panel for more uniformly distributing force

1 3

on said connectors when the enclosure is subjected to the pre-determined

magnitude of pressure build-up.

2. The explosion vent as set forth in claim 1, wherein said peripheral flange and
20 said pressure relief panel are integrally formed from a single sheet of metal and partially
separated by at least one slit defining a hinge between said panel and said flange for hingedly

connecting said panel to said flange.

3. The explosion vent as set forth in claim 2, wherein said bridge extends
25 generally perpendicularly to said hinge.

4. The explosion vent as set forth in claim 2, wherein said connectors consist
of unslit portions of said single sheet of metal that define filaments connecting said peripheral
flange to said pressure relief panel.

30
5. The explosion vent as set forth in claim 2, wherein said connectors consist

of rupture tabs configured for attachment to said panel over said slit.

6. The explosion vent as set forth in claim 5, said pressure relief panel having

35 an interior face in communication with the interior of the enclosure and an exterior face in
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10Z 9. The exp osion vent as set forth in claim 8, Wherein said rivets attach said

rupture tabs to said panel and said flange.
15
10. The explosion vent as set forth in claim 2, wherein each of said connectors
includes a rupturé tab having a main body portion, a secondary body portion spaced therefrom,
and a filament portion joining the main body portion to the secondary body portion, said main
body portion being secured to the panel in bridging relationship to said slit, and said secondary
20 body portion being secured to the panel in spaced relationship from the slit, said filament
portion being configured in the range to break upon bursting of the vent causing the pressure
panel portion thereof to shift outwardly from the enclosure for uncovering the opening and

j enclosure.

25 11. The explosion vent as set forth in claim 10, said explosion vent being

provided with a support tab in overlying relationship to the main body portion and the filament
portion of each rupture tab for reinforcing the filament portion against localized bending and

stress forces during pressure cycling of the explosion vent.

30 12. The explosion vent as set forth in claim 1, said pressure relief panel being
of generally circular configuration, with said bridge extending generally perpendicular to a

hinge between said pressure relief panel and said peripheral flange.

13. An explosion vent for covering an opening in an enclosure for venting

35 pressure build-up within the enclosure, said explosion vent comprising:
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ions defining
bridge therebetween for stiffening said panel for more uniformly breaking said

15 connectors when the enclosure is subjected to the pre-determined magnitude

LR Y

of pressure build-up; and

a plurality of vacuum pressure supports positioned over said slit for preventing the panel
from shifting inwardly into the enclosure when the enclosure is subjected to a
vacuum pressure.

20

14. The explosion vent as set forth in claim 13, wherein said bridge extends

generally perpendicuiarily to said hinge.

15. The explosion vent as set forth in claim 13, wherein said connectors consist
25 of unslit portions of said single sheet of metal that define filaments connecting said peripheral

flange to said pressure relief panel.

16. The explosion vent as set forth in daim 13, wherein said connectors consist
of rupture tabs configured for attachment to said panel over said slit.
30
17. The explosion vent as set forth in claim 13, said vacuum pressure supports
comprising a plurality of rivets inserted through said panel and positioned over said sfit for
preventing the panel from shifting inwardly into the enclosure when the enclosure is subjected

to a vacuum pressure.
35
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21. The explosion vent as set forth in claim 13, said pressure relief panel having

15 four domed sections separated by three bridges.

22. The explosion vent as set forth in claim 13, said pressure relief panel being
of generally circular configuration, with said bridge extending generally perpendicular to said
hinge.

20

23. A rupture tab assembly for use with an explosion vent having a pressure

relief panel surrounded by a peripheral flange with a slit partially separating the relief panel from
) the peripheral flange, the rupture tab assembly lncluding:

a body section for connection to at least one of the relief panel and the peripheral

25 flange;

a breakaway section for connection to at least one of the relief panel and the peripheral
flange and being generally on an opposite side of the slit from the body section;
and

a narrow connector filament joining the body section to the breakaway section and

30 being designed to break when the explosion vent is subjected to a pressure

buildup of predetermined magnitude.

24. The rupture tab assembly as set forth in claim 23, wherein:
the body section comprises a generally triangular body for connection to the relief

35 panel,



