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WD 2008/ 021599 PCT/ US2007/ 068669 SPRI NG STEEL HI GH
OVERPRESSURE VENT STRUCTURE CROSS- REFERENCE TO RELATED
WO\RBBHNDATY ON This application is a continuati oPET/HISIAT/068669

of U S. Patent Application No. 11/465,257, filed 5

August_ 17 2 ntj.t PRI T EEL
OvERp BB RE Ntk R CRERESE TR WENAr SR by TURE
reference herein. BACKGROUND OF THE I NVENTION Field

of the Invention 10 The present invention relates to
gener al | YCROSBEHGHRIENGE 160 REWAIELY ARPLERHEN AN us f or

protecting a confined space | a,yent eyt 0

P afsarolspia T ginsb et Bagitel TS it SR icafRENpehifa05Es7. fled
Augu@Par@dd)eniige ESPRNGISTEEISEIGH GWERPRESSURYE VENTESTRUCTURE,

openi ngs in enclosures subject to rapid pressure

incorpomtpdbyipsdersngsthesginmay occur during expl osi ons or
uncontrol | ed conbustion events in bag houses, duct
wor k comuni cating with the bag houses, processing
equi pnent, ducBAGIGRAENIEOE THE 0VENdIONom t he
.. _processing equi pnent, buildings, pressure vessels, and
Ficld gk the inviepB@s of  commercial and industri al
[ ' e | psi r
ot Pt AR, ALAND B M BloBE yentapparatus for
protecdiag urconfviiedesppes having aként aptdnec iforveli¢fi cdra ldghn oesrpesuga tondition.
appar atus. of overall rectangul ar. or general| . .
The ve{l RBRAHES & GrReF Y H350UHOR ST elic{rpgpihe Bepraetbioct torapid
pressitP 8621 WPENICANs BHGRREUMRIrRY Sk POEBRUS CuncéRr@ied combustion events in
predeterm ned magnitude IS exerted on the vent
bag hayspsa datusorkageanrhinscating| with thebag boleserogssing eelipmentpfluct work
.the pressure to: -elim.nate or. reduce the ingres f
eadingi 15 oB FEFh P ot s Gt PR L TTaPIeUS HEar R ghegpes of
comnirciA G0 dadusted Rh@H100nd {vhbRexPIRIAS e dnddd116& BBmBeHion cvents
exposed to the surroundi ng atnosphere via the vent
produginehigheovepBessuss avdccwont i nuati on of combustion of
p S iagls. . C ca e
PORGR R Rlale & e S GrE YR PR S o Bt or
generdllyasifeslaf con€igumaliion ehat WETieng@s contRic@ Epatt Sthen & exicBsivieiokerpressure
is used as an_extingui shnent agent, by virtue of the

of preflgferminpd magpigudeds grerfodPncbriyedtaPerraa sy thrawdk then sebese upon

rdkf@?&@%ﬁm&HEﬂygh venting holes; and 30 -reduce/elimnate
contam nation of the protected process zone. The vent

stalincihate er eedapd thd itgresdhof ainand thdroby exygeny thins nafpeating the effects of

of a canf.ined space to be rofected froma high :
asecoaéaé‘pfﬁ%@g@a? TR R t@ﬁpvowgﬁ?%mgsphere via
the veRPhpechest €€l panel  provided with a novable pressure

relief portion defined by a |line of weakness that w ||

gi peevertycontimehtioh |odwomtrastraal dfgfrogeey miatsnialsdh@menl duradss peamanent

damad §TRS SLILRG D QURIREESSUr e AS soon as the

-improve suppression of flames/fire, where inert gas, water mist, or the like, is used as

an extinguishment agent, by virtue of the fact that the resulting combustion gases/flames cannot
escape through venting holes; and

-reduce/eliminate contamination of the protected process zone.

The vent structure adapted to be mounted over a vent aperture of a confined space to be
protected from a high overpressure condition includes a vent unit having a spring steel panel
provided with a movable pressure relief portion defined by a line of weakness that will give way

and allow the relief portion to open under a predetermined overpressure. As soon as the
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WD 2008/ 021599 PCT/ US2007/ 068669 2 overpressure is
relieved, the nodulus of resilience and elasticity of
wa bwsemstng steel is sufficient to cause the PCEESWIHI68669
relief portion to return to its initial position,
thereby closing the vent aperture. A backstop, which
is either rectangul ar or cifcul ar dependi ng upon the
overal |l shape, of t ent. appara . extends. i i
Overp@a%%wdmﬂ‘fﬁﬁdhﬁf P’r‘i’éu{‘:’é ﬁ%[ Hignssng Pa@aofftg? spipessse ifgullicient
to calfgg\f@'ﬁl%suq’e Qé‘heiﬁ ?Srtf t'oerEtuPﬁ’ id {9 nmﬂtll }B&ﬁl(ﬁlp ﬁﬁe@&ay%l@ﬁhg the vent
panel "to a sele openi ng position wh
apertupe. e daelrstom @dhichaow enlmre&smlalr or al;xpilareldpagimmgiontth@overall shape

relief portion of the.,v ni t.he ve structur
of thegs BBy sr SRR PR RN S0 B RSN e iR Bt Rovement
of the RAfet oMb ERe Eﬂlﬁl @R pdhl] th aQElcéBEop@itg PRk e theB a predetermmed
experi ences a %1 overpressure as the result of
overpesgpirotsi applied agﬁntsé theuntighmrdonelethe yewt ungoidia vem strucnhr@, thereby
prever?[ac kst O%a dﬁ@;l%{)r%agb% thlg arslllﬁaf ot %’}F g/(l)lgliij Irtlgea%%%ta%te&s fie Vent structure

experﬂéﬁd:ds,a afphveldprasgsuse 83 ihéeetsEl bf ageexlostideotipBer uﬁtﬂﬁllard pressure
t her eof extendi from the main body of th

conditiepsk dhe packyiep pgeafgnablﬁfélas f suyerbsurfagpadiagest 9raad émwatfqﬂé of the relief

portio{'l %thlfvglgt%g[ efm)ve(flt as%?ﬁ?ﬁg glgfarclg ﬁ@tﬂé P@)ee{r grrlr(g{l]laﬁélf %&Endhljﬂga‘iway from

the mﬁmbeéyi efltheMacltdogy. , TIteH&ckitm&D 1sqmsue)ded;w praces thkfrehk@ortlon of the
ckstop function to progrez i vely decrease, abso

vent OS%H%I ARy tenk thabthe glagiueliggit of the sprie %?lﬂlﬁ‘éalrl%\‘?ﬁca?dfd Further the
two cliRUl BgHeIeL beth p&'&f(ét@? fLQféﬁblggo ﬁ%@@sﬁgely%bﬂea&' E%dr‘t? and dampen

energy 15 is dissi ement “of the'r
kinetip emetrgy)credkd bh dle\/repudly mosing ppef poyioe nygage ppentingfntil kenetic energy

. ,. backst nd th fb

is disg RE B B0 uSREE AT ool FOT R dnd VS mea g epegt of the

backsfc))ﬁ)'a@ 'bp[%sted Eﬁ@kﬁ%‘ﬁle‘ﬁ% H&RESbentiABbhitir @ﬂfb@l:ﬂl% AV RERAA surfaces.
provided with a rupturable sheet of nmetal that has

Description ef therfsiordvt i nt errupted slits that deflne a line of
#ﬁ%ﬁiﬁ%ﬁ%ﬁ vgrrltglﬁr% %}1eornglrl Ezgvl?{b:eerlrl egol}f? reg dmt a ru ?ura%]ﬁ es}{?eet lof n*etal that

has scafelie®br ﬁlttﬁrup%dtshts&hzﬁ%ﬁﬁm higsobycakasds ﬁb@es@ﬁtﬁ%ﬁhé hiliegsrea of the
the type, thickness, and physical properties of the

vent. g gmoy] %@W@@ﬁﬁ&fre rqqaied &(a@neaﬁh%lfe 1??1%?%&%@ ¥pg s dedgfmined by,

amond 0PI 00 50 V40 B S PEROST S bl s o

fabricadort dfehy expilosiamdernf the nhapﬁmsd mhmrq:)asﬁxhe irme) of etalmese lihedscatlon of

the T Y A BT S LR 2 it TSR e OV o a series of
space@ %DR|aBS Mvé:"fl‘yﬁ’tltgﬁlb Qe \Sﬁ%algfesst i dﬁe&el/éi’ﬁuﬁeﬁ SRAWNdRPLitions.
described in Pat ent . , Wherein a
r dat exegwlay cpplesisuvent @ﬂ fhes typa nebhdven amdidesedbédhinals Patent No.

f,rame adapted to be secur d acrqgss a ssur
6070 ST R Th BV AT §rRar S5 AnEs s @Bl 1 Fafeaabied (o be
securcdll 3es€ a%ﬁ%@lre r@fef 615&1@1'@ "ﬂ{ealﬂ"ﬂaﬁst‘éh&@ﬁbl is FdrERASom Pingle sheet
other simlar neta has a three-sided |ine of
of steglegiintoss steel efnicpeal, intl@ﬁrmraﬂ%ﬂmqtgfl ad hastacthpagpidad lgiejaf gveakness
deﬁne§3)§/ a pqurlaf“ oqutérq”g}g g&j glétg gﬁh‘é ?eneg gf srpggg%g%rtlee % ¥&ﬁtﬁ%§? over the
line of WB&MG@B is&ﬂl@ﬁvﬁ ih hige 1366 Ip@fen@"nﬁi&t afptirb ®efoan ﬂie reldéf\e@& of the panel

under a predetern1ned hi gh over pressure resulting
gives flwé}hugﬁereg( Ere@gqegﬁmggi highr gegrpressure resulting from an explosion or a fast-

burning fire.
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burning fire. WO 2008/ 021599 PCT/ US2007/ 068669 3 US

Patent No. 5,036,632 is another exanple of a
waeongentsPonal rectangul ar netal sheet expl osiBET/US20D7/068669

that has a three-sided Iine of weakness defined by

interrupted slits. A layer g synthetic resin

material or the |ike nmay be”provided in covering

relationship to the line o ness slits.

RYSt RAtem Ne- P36.03¢ & anodsr ﬁ?%ﬁ@ @5 a icANYqEORa) Feetreulps metal sheet
explo% V}i\'{t"mﬂ hdes eblsded Hn% Qﬁwéakngézde@ﬁteﬁ BEI it ptfy Sibts. A layer of
reak before the central section of panel” ruptures
synthaicomgintthateshli ¢r the éketray belprevdedan @vernpg eesl&umsmpAn the line of

el astoneri c ealln asket. o skets.ma vi de
wealis St TR B MG G CORr LGS PR Upas! Eorieheay e bed in the
’632 ﬂd&n?ﬁlta?ﬁhstmeak‘be@&% iekntrhiekaidrest tﬁé)paln@l ?ﬁlrgd aﬁ&ﬂ%%ﬁb’ K® line to
of the '632 patent, is a rectangular vent panel
relieve prepscrpigsane. aAn elaatomeeic yedliog goskes sugasketh nwlyibe previded around the
thin ftﬁ@?@tt@rﬁﬁr““tﬂ sﬁ% 10 descri bed as bei ng nedi um
rel

Perlphe%o o gl atively soft metal such as

alUgPathiNal 4,098,260, réfeiretd doyin Bt Rdredf didTH8S ﬁatéﬁtei@ la rectangular
I nterrupted ‘X-pattern slits extend t hrough the vent
vent R?éﬁbthaéﬁﬁeﬂsdéﬂl cHe Tehdivolydies PIepEs ipfvhigniheetbin shpst structure is
e
descrlB&L%Q ﬁ&g\l}m&pﬂﬁj% S)%Efvé&g%r a g%lg@e%ﬂg?trtﬁ&?fuérugﬂ as aluleum alloy,
ora ﬁﬂl@’htﬁﬁealmi gtalbkam'mﬁklt hltdrh@te‘dmtputtﬁmshtﬂ@b(tend Itidotirg‘ythb &ent panel and

of pol yethyle stai nl ess ste [ um
deﬁnesn%wd&ﬁl lyyep eéwmkélewﬁ@ SRR tppex Pg@a X. fst?lﬂflf\se@l%lg membrane

havin ﬁ{e%gﬁle aét&ﬁtﬁ?@pm@ﬂ it Q&Hégﬂe%rﬂgﬁﬁecﬁ'btth%ﬁﬁ@ﬁﬁlel and may be

l'ief vents o he ‘type descri do satistactoril
formed pépolacmwen@lstamlaspteeu et elumimen. Swatpsestuces gomadi atnldaﬂnscrlbed

. i te aces, these vents have renai ned open,

n UStﬂ%@%&? égﬁgmﬁzg the confined space to have conti nuing
a%@tﬁ&‘}%ﬂ Bridrhe prdshRUBEE MEnts M IRSIPHEI & cribed d PWMiB@ctorily open and
out r us products of conbustion fromthe expl osion

relieve prqdpﬁegn@ﬁ@ oyeIprassure (gommwrh & priogfistodrspeensr @eseoy@gselitave remained

open, tthere‘t\)lye Eﬁova\}}n%g ! Bcr%rél%{l% p%cg nto p?tc‘)]g u%og%\églélé 2%!918% tor i gsurroundmg

atmosPkdrt OBbIWing sa@@ghbﬁqatmc@fof dothbiisgion Gfont e legplbilb@ Br ffe and relief
the fire. More parti cul arﬁ% there has been
of the) lagly presture, axyecHh He)] Big ADOPRETS i immediately atﬁlkaéh?éhtougb the vent

oper BP0 M SR RS B o e v
ThMorp pasientrly,nve@nhaosecn ell@atgekltt butpesti@nbulmdul filled, requirement for
enerally cjrcul ar vent a paratus adapted. to be
vents Fighia P?ch%%fﬂﬂ&r Featangy! %?l&@%réfﬁmaor\%wgs aperture
of a space that requires protection from an

overpressure condition resulting froman expl osion or
an uncont rol | ed SUMMARY &R EHE INé@éTIéIMS has a vent

Eib% R]gers%\{ :IT?V%gtl%\ntf tel\]?%ﬁt‘ﬂgﬂ lé;egc %f’n%& ag glf g? c 39 glsrtwgl Wﬁgapparatus adapted

to be RI0BRRH IR cloSink @81afGshipPiv Pt vich€aRANR] of d §hade Mat@fuir88 protection
rectangul ar enbodi nent, the |line of weakness is

from @le%@lfla‘ﬁ%yr%@n@ﬁ@ﬁép%tﬂéﬁ)ﬁﬁmgﬂmeép ostenchefappagordipligd fire. The vent
apparatctﬁg ﬁa%sa V%];lt érﬁfa‘p S\Qide(? Wg[htapleast one spring steel panel having a line of weakness

defining a movable pressure relief portion of the panel. In a preferred rectangular embodiment,
the line of weakness is generally of U-shaped configuration defined by a series of spaced, end-to-

end slits in the panel. The line of weakness has a pair of opposed leg segments presenting a
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end slits in the panel. The Iine of weakness has a

pai r of opposed |eg segnents presenting a WO
WQ2P8NHNBI599 PCT/ US2007/ 068669 4 hi nge area OFCT/ti$2007/068669

panel therebetween, and a bi ght segnent renote from

t he hi nge area. Preferably an el astoneric |ayer

included in the vent unit cévers the slits. In another

enbodi. nent , the vent apparatus is of circular
hinge @6 phdicapinsh, NSTRRPLY AR e@flérae%r&l}t apgpenddemsre fioguthg Agpge area.
Prefeﬂaﬁlgc laﬁsélﬂﬁoﬁlgﬂlétla}%’%ﬁ&lﬁd&f’ Gl ke %ﬁtCHﬁl@rCOVF@ th?ps@ﬁst. U another
circular vent” apparatus has 5 an annular frame
embodrerberthe hant mmmﬁui s af veatlaruconfigheariongamsd $lmr¢fng: st malpted for
anel I OVi |l e pressur [

moun 1&3 uﬁgyre Béﬁa}t) 8}21% at(g}%\éﬁg Vgrrtlap 15'3 eig{;] S]:I‘I ar, \%nt apparatus has

an anrﬁﬂa%%efi‘ﬁbt ﬁl@ﬂnbé’r that s8p ‘Ldn"ﬂ ﬁm@fla\\/iﬁ% ﬁ'&@% stdd %al%!l IpkSvided with a
defini ng t line of weakness int vent unit are

moval@lgveassde rewef porsian éb%@d&wpmdwadé@-ﬁml slitypssetiog ayulbtantially C-

shape&i ;111 o aelésgleies Iiis 8% I}alltlgg'l Clgnlrelt | a)\rl]e ?ets?ﬂeﬁlcel X?e(l_’;lt n1¥ are covered

with avl%nastdﬂmtc thtef4]. MIastNpad Gae bNwEkinadd i9Bsdit@cdly 1&&téd1ﬁlch that
i nner di aneter of the annul ar support frame nenber.

the certal pegsseigirelicl pariion o tercaicular yent i i of sramEdr e in Felationship to

C Y@ r

the inf AP ErHE A AR hERBn Pre AL ol s s o

proviqedlesish IaEbat‘:létd)}Eéxtpﬁmhg ontveirdly Ifeona Ithia:aﬂrﬁiar\zfﬁmﬂie mrehibelt tor limiting
an extent that the nodulus of elasticity of th

movergght ol thesprag siee! piespusFelicd gediog e Flﬁg’“é}bléw%u@f t%ﬁléxtent that the

o S 2T e SR A SRS e prespure relicl

portlonh eTHS badotapntul the cirenlar arpptaalaiamtuSJ differs drannahe |bac1¢ssop for the

circular configura her t han pein .
rectanlgg]é{ gﬁ&tu pRjparatyg on p}q 51%59 é r?ﬁfflé]]af gpnﬁ%Lgagqrb rra‘[her than being
rectanfgaligf i cation of the panel of each of the vent units is

a thickness such that a pressure relief portion of
t FE e grritg stenl maggrial ussrgefﬂr lebpéagion ohkerpagel qi) ﬁé@mféhwm gnits is of

a thlcErrle%gtsslldtrélﬁ tlll BI%SS ’rel}/e% ogt%ng%) th teoegllsttLElbtl \Dvmo Qpen raphdly when a

predefRBsd peséiie [s&ippﬁ@fd% @fet r'EhﬁnSStl@ﬁtsﬁ@ltﬁI lﬁ%itldn&:l@ii@‘ B abhtyaparture as
stainless product 0.05 to 3 mm thick, w.th

soon gs,thsy RIEFWEE 6 e N P s Bhasaiing sels praferably a@ﬁéﬂ?ﬁgﬂ%@g@ {1p &0 3 mm

thick, it Q?réféﬁéﬂsﬂﬁf&ﬁ&%lﬂeﬁf 0.8k peh % gﬁ/rgégﬁreu(ﬁ* the blseséaure relief
function not on of the type o spp

portion®aif etd wadnt ubivis aﬁmotldsrhﬁot drihy ORtheSg)e(Iff sptieg pteclduattrialt b also the

di mensi ons the vent unit, and t nature_of .
hickngheof i Broghet. Pererl dsarAee! i Vﬁaé%faﬁ%cr theggge gGhe line or

lines (t)ih@eaﬁén%?s ANfle I BRAL Rl ast 1€ sBhol dndl 1883 ch gk Line dleﬁﬂﬁgcifle line of
5 weakness and t he di stance between adj acent ends-of
weakrtela@arsll the @Stametb@twmwdﬁb%t codseofItherséitsofAligemkimes sthe hegoflyecakness
w2 scor Z [ i. ngW .t he épr [ ng steel panel. \Wen a
may bg ARt el fith e SBURS pFEd¥lf'e occurs in the protected
S At aitbddtGrh@idd dverResrelddBurs T @8 ?kﬂt@ctécﬁéﬁa@é suPREBALAB open the
of either the rectangular or circular vent units, the
pressure rdlisf persion o6 pithan dicaisetangdardy ciswlat vent uakp ke toliel parfige thereof
i e
bends?a?]b%?%é?%%)%%t @%;lgé reaﬁé At Yn%%ﬁeat%gggls%vg ptﬂg b?lﬁd-ﬁ#) osfsp%s%ure in the
protediddaiied. hlﬂlertﬁbltﬁfp PErdipravaly ffdie thegdliefportionso it ‘ﬁﬁht ﬁﬂres to arrest

movement of the relief portion to an extent during opening thereof that does not exceed the

elastic limit of the spring steel material from which the vent structure is fabricated. The modulus
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novenent of the relief portion to an extent during
openi ng thereof that does not exceed the elastic

WO 2008021599 t he spring steel material from whi chP@HES208Ti068669
structure is fabricated. The nodul us WO 2008/ 021599
PCT/ US2007/ 068669 5 of resilience and elasticity of
the relief portion of the sBring steel panel while in

its open position s.sufficient to c use the relief
of reSIblsmq a5 clagligitypd &iearﬁlléfrfwt&nmf Hhersgring §te ¢lippslay qlllﬁé%}t% QR§A position
is suffitaddd? %@ca‘ﬁ@eethg %Hef SHEh &dﬁhﬁné&a‘t@l&%’tﬁ&tto s edidy! S%ﬁ%n across the vent
exposur e of rotected area’to the surroundi ng
apertuag tmpq@herteugrﬁmeimwpvgulreecbf te¢ poftedidvearow 6r tjleesssrummng atmosphere

condi t by the vent apparatus. Wen hi
follovg iKbb SEnF bRt soBRRSH B & et Bl Ve high overprossure
eventS8&8r Wst f3r 3x ¥hpleqs thExRk QR Vl(ﬁé}g%gr&f&l B gabBBent of the relief
relief portion of the vent unit with the backstop may

portlon@§ thet anhu@llémtédhfr bfwk@tbplmﬁé’ rbs(dklgt@ﬂetttwnaofdbfr b%ﬂkﬁtop to a certain
degrec, eﬂ} Dag ?ek%?ec kSt og)f: ld%: Igurt n('fontrﬂ) 5 e'h‘%v g%nglggnmg, and

d1ss1p@tf10ﬂ<<bﬂl@ﬁdtﬁ: eﬁ&%&@ﬁ/theﬁn&hﬁg fBDDéf 161€bf Bk VQﬁHlInhtthefgbytaE@rmg that
vent unit, therebéqassurlng that the elastic limts

the elgsfic diputsg thongprisg sisrel matcairh 3P nal excagsied svhieloersdd ik in separation
0 lief
o e §R8L 5H R byl SARALA DAL b REBESEE
p;Amt ihportattrasp e oif tﬂampremp @otniddn ishke pisestithe spmﬁgt sit@:rh pressure

is the ab|I|t of the spring steel pressur rel
reliel peyition 9h cah dbe Vet uHe tqewgwﬁplt %pﬁeﬁets%lﬁeﬁi ﬁ&*é‘?reésure condition,
then raﬁﬁ%t %rdﬂrgﬂ{%@ ShANGS Si¥kfg %@@kbﬁ lusash 1o reb UROrclieE Hﬁc{‘thtapmay also
Its origl vent " ap erture | osi ng ition upon
deflecpmesisdly endeeh lvmunahd rmetyalccmﬁyllmmg the@eﬁﬂpeessurﬁrmd thargafter return
vacuum t hat na ccur &%E|OMAH t he

.. under
to its Q) Lok RosignaPon aptiualizaion ety RECuldh (o i ¢ 5

ofd & cibQEMREs R VAN apiRRRu S ARt ZREdAR 1BElul&Es composite
vacuum In certain enbodi nents of the vent apparat us,

laminatpé Vvlénmltsﬂ‘lértu%PWéiedn@FhJ@lEhlﬁélt)é @ﬁmrlmosqdmnmn@ms with one of

the comlﬂg)élery[n%em% g sgrlrirl]%s E ane ehaVﬁlgone@ ggap%? %ehef é)ﬁ%lon detﬁned by a line

of wekl@leBiginahSpdrieN gARGtRE] coﬁﬁi@ﬁént & tcngmantddehepatmae bd)rﬁfmse a non-
portion defined by a |line. of weakness in the pan
spring/giesl Aetal shngharrebiy g a kinreof|vankpese elcysd aencual] Ytah@ag‘/d With the linc of

I
e Ry 00 03B BHELLIRER) o8B B o
of the nbnepifig stee akdShedt is stubaaﬁlml]y@emmlﬁin thadffferen'ﬁb &ctween the yield

. difference between the nt_.and ten
point §d A ﬁé@ﬁ@a@f bl 1 \SARaseS g preferably each
deﬁneﬁuﬁ’ys taas'él;lle@lohép&reﬁageﬁd d-Banstdead L f|EQNGeshalwe gRsih th?atenal is
yi point and tensile strength of the Spring steel
mterpp@riéjetwe‘ﬁhehet $prmg stfel pewkaekibe ape-spred ded iphopaleshedt to close the line
¢ efin?€ by a series of spaced, end-to-end slits, and a
0 We%ﬂ@%i synthetic resin material is 25 interposed
beh¥eRiksiohs vaiEH Hderilt L8k RANGE ndeblePeesBRB T RI p&tions of the vent
~ steel netal sheet to close the |line of weakness
units, ekg preferatly abage Iagglgpﬁ abghi 207 w){ch eﬁﬂpeqv\taythe radref tpogion in its initial

positighy HeBieE RPEBRY ' Vi BivgE oSt bath ol Fiby blipat fngp curved
surfack B&jat &t tRindPRdiAS @B rdlief hdiSioh BF the @bnt, AOBickhOdatk @é‘dﬂ%ﬁf and an outer

overlying the vent aperture. Each backstop prefera T¥
curvedh s fagn extgnemgdy pydggction away from the relief portion of the vent. The central

section of each backstop between the inner and outer curved surfaces is of generally planar
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30 surface adjacent to and facing the relief portion
of the vent, an internediate section, and an outer
wa@enogeziseur f ace extending in a directi on away PCOHS20DE068669
relief portion of the vent. The central section of
each backstop between the ipner and outer curved
surfaces is of generally pldnar WO 2008/ 021599
PCT/ US2007/.06866 6 configuratjon, or y be slightl i
configygatiod. QravR e stiglily Rawedipwas iﬂ%ﬁfeLB?P norf@rxpgﬁie V@FW&’F% ,ﬁy desired.
The rdci } 688 stop N6 4 RESAABHoAMPAGKGEAR, |12 18fetR ol BRPIR lief
eréﬁ%%@%inatéf? equal %o ?ﬁg f%ng?haof ?he p#%sgure% Sure Telie
portionef itlef venpuit.i Simibiilyt the bagsstopundithe ciBiubdrlvant appatahs is of a diameter
backst of. .the.circul ar. vent paratus is of a
approggi O Shlsrgi R TGO R W i ef porti on of
t MBe GlrkfHbRiradQREscHtivedXsedfiéh bINGHRH PR tdp' ANRYAIAEhdge area of
curved section of each backstop adjacent the hinge _
the pregserg rafef perttien pf exsspactve ednit efit prov ideonsraoth traesipestading éor bending
vent unit .provid a snmoath .transi.tion zone for . .
of the B e portth O Fhe Sa it aling PPKping etsd et Shrgdstprmined high

pressu#fli As dherrtIng poResi dTghd @i e@lctitd @pénsaundeedpicastsiniiact Sicghressure,
ressure. As the relief portion of the vent structure

the reﬁ%femgti@}h ergages prlewaianyitndy ahiaseprwaisegsof the backptepi dhe curved
S .
surfacBp b 8 SR ER By ST holl et ARBEL 1oL HRthe rolir
portiohad kisd ot sancdupacdopemtard ybsdolteamlimerap®iressivsigdontrol the kinetic
surface rennhe fromthe relief i on_of the vent

f portio
cnergy ggicp i dhe rosimarie Ltrtslg&@%%u%ﬁdﬂ% e portie asdiiepgaged the
backsfbg,nfhﬁﬁ’ L& HRELLLIF tRNGLBYtoB WAl ic6ihtifly fidi8yifiRIut 8pposed curved
portion during opening until the relief portion has
surfacksll | y engaged the backstop, than would be the case if

t he backstop was essentjally flat. wthout. opposed :
R S Fert o Bis Sl prrtuies Bl Mok s 2B PR B et unit from
being bp&cRASSW el @ rthe PRIt IrORuRS thAdUbE 8R 8ftthMSv o8 fesHIRid the panel
from being opened under a predetéerm ned overpressure _
materiahexagghing theayieldishangthvol the spesgistee] preelvdingdhepressure relief portion
vom OPEHAEGEOTRREL G S Fu SETPE B D50 P e, ane
openihdBEiElE piesdire FetlcOpiitiog. to its initial position
substantially closing the vent aperture, after
0 Mtﬁ]@a‘@fb a@l@@&fpg@g {Rctangglar gant maftha}é@ oAfpibular, generally oval
. [ .
conr A SR GG PO R L s
movementt edelsd gorivin o thesentuniigo &s salecudd dpae aositatt. EFhe curved segment
surface positioned.fo arrest _nmovenent of the relief .
of the[S ylar hackston s aravilingsy putehsyrfage peitiop o4 grea‘ks:é gurvature adjacent the
relief PASibh bPihe sthitfess §t%¥1%n§lqgﬂﬁﬁltadj REntBifitAVb @by skﬁ%lféﬁ&ﬁon of the
as a curvilinear outer surface portion of greater
tubulag ihaviestep. e Thdjoatempsttvetion ef theftupdnt baghsiop préferably has a series of

.stai nl .ess steel papel than gn adjace urvi.l i near :
openiggieig e R GRS GBI OR D E Y B 16 el Pragtermined
dispotidretvi SbspRRer fol BB padssiird@clidiPoriddn bRk ShARg Ricel fARP! Yhe curved

has a series of openings therein allow ng access to
surfacg of thedtolar haskstos alsg eontabutes foabsprptipm anddisgpatipn of kinetic energy
. edet erdy ' rtion wth respect to the
dunn%é%%@ﬁﬁ%ﬂ%£%$8¥&%ﬁgﬁﬁgﬁeg?n¥%%c%%?ing steel panel. The

C Reytefoul suichegp@aaiustheing dibubuddr bhaskeptiogspatially advantageous for use

) contributes to absaorption and_di ssipation of kinetic )
in cer@%mgtﬁllatlons, because of its lower overall height in a direction away from the spring

steel panel and the ability to use the tubular backstop with a number of different sized panels.
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during opening of the relief portion of the vent
structure. 30 Rectangul ar vent apparatus having a
wa sbznsIbackst op i s especi al |l y advant ageous fRET/US2907/068669
in certain installations, because of its | ower overal
height in a direction away fromthe spring stee
panel and the ability to usé the tubular backstop with
a nunmber of different sized panels. WD 2008/ 021599
PCT/ US2007/ 068669 7 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is grparpRSERIMAON BF Ak Preawirberred -
enbodi nent of the vent apparatus of this invention
t Feguré hoslaysespevtennt viswy otk praprrethemzodimeame f dssenmbhppafatus of this
: the vent structure havin n 5 outwardly-directed, :
invenQISAE (R B REOOH BR ¢ Ao s ey e dre Vel ieg having an
outwaPR Y 1diefe@fdubN@ri@Hacliidg for Ak nfdeb @RIt Fet pdrBlon & He vent unit
2 1s a plan view of the vent apparatus of Fig. 1, with
of theyyeplottucore;of t he foam panel overlying the vent unit
br.okegn_a t.o illustrate the slits defining.a |ine.of
bk s 8 Bt SN G G it 15 8 B of B i panc
overlyif QQERBHEAMY BESdni Svdly 16 RS Fa eled d1N@ finth &N o tieakeRtin a panel
apparatus taken along the |ine 3-3 of Fig. 2 and
of thejvemlidinilg i n the direction of the arrows; Fig. 4 is an
e |\ i . .
g S P g T R
line 3181 @Wi@f2 dnddovlang inuthe dirb@iom ofghwarpavsd; of the vent
apparatus of Fig. 1; 15 Fig. is an enl arged _—
f F%ﬂg ﬁémra?}gpl‘efgﬁtne&%arwtwaé%& _9%@9 IVEAPPHARY 3B PN bBY Kipoh
OfEigt. heisvanix l&féﬁaﬁe?{}iééti&g vicWdof the Ve unif fbﬁniﬁ? a part of the vent
enl-ar ged frébnentar cross-sectional view of The vent
apparains of Iofg. Eig. 4, without a depiction of the U shaped
el.astaneric slit. covers of .Fig. 5, Fig.,8 is_.a .
VERE Cdarn shlted SEgPeBa T RFb Frogt bestigila ey 264 phginpefdhe vent
appardt@$ ot 118, Ment apparatus 20 of Fig. 1; Fig. 9 is an
enl arged fragnentary cross-sectional view of a portion
oFigan 1pan evargediragapantary grass-pedtigaalvaew abthe Mentjuaiohgig. 4, without
o onen thereof; Fi.g.:.10 is | opgi t udi na
o depiGRIREMGEL Prrghed SGramuPyisPvaS sBFisTts. | ncor por ati ng
t Py, 8lid £varats croseBéction iviewddl dHieghatDfrarhd hdfibeattbinge B apparatus
_pressure relief portions of the vent unit shown in
OfF%Fﬂg. 9 in the 25 open positions thereof, with the
l; i td : Vi
D e R R TP L IRehate vem
unit illutetingthp taiatecompoadnteerqifessure; Fig. 11 is a plan
view of another alternate enbodinent of a vent unit
ahbg' i1(ﬁ)ﬁﬁi‘fqgéttl&‘nﬁléﬁ%"“%W%ﬁGFWQEY?HH%PP@{%%‘JI ingqEpQraing thealternate

vent ufifl %@Qign g ﬁlﬁ&ra%g ﬁ?é{fr@ssﬁl%l rEl@éprﬁ[dn% 8Rthafveft HARhSRA iirDEig. 9 in the
steel netal sheet

open positions thereof, with the movable pressure relief portion panel having returned to its

initial position following opening thereof under a predetermined overpressure;

Fig. 11 is a plan view of another alternate embodiment of a vent unit and illustrating a
series of spring steel leaves engaging the pressure relief portion of a non-spring steel metal sheet
that normally overlie the vent aperture of a confined space, with the leaves being operable to
return the pressure relief portion of the non-spring steel metal sheet to the initial position thereof

after relief of overpressure in a confined space;
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that normally overlie the vent aperture of a confined
space, wth the | eaves being operable to 30 return the
wpemsense rel i ef portion of the non-spring steBlT/HE081/068669

sheet to the initial position thereof after relief of

overpressure in a confined gpace; W 2008/ 021599

PCT/ US2007/ 068669 8 Fig. 12 is an enl arged

fragnentary cross sectional view simlar _to Figs.

ahts 92 Hapichlargrg (ragmspiary GASSorCRME VeV aHM Lo Ekgﬁﬂowér%@plctmg
a portR)fn (ﬁ%ﬂ@r ia@ﬁlﬁé’ttc%n%j)%ﬂgntyef in alFe'rIQate 3‘&1‘[ hiRitd | ongi t udi nal

cross-sectional view illustrating the positions of the

| &rg. Naris adorpiodmat srosn‘-setchenﬁlvgﬁ:w Iusshong thg mhsitione of gret laminar

unit fol | ow full ni n ecl o of th :
compplstians s LotV FERE kO eRio biving o o hgarglosing of the
movabBipkessirh Selick flottDn M t&ﬂhﬁﬁﬁ@ Qeﬂt hagmentary

cross-sectional view of a portion of another alternate

| &g hdis apeendargsi fragniingary ¢®ss-secionad ygive eldi pration of another alternate
1mnn1ﬁ&%§1n?0t'onal view illustrating the positions of the

am 4l conponents of the vent unit of Fig. 14

f eig Q9iig 1dntlitud AP BioRGs@fidndl G0 Silingrathg tHREH3HohHYf the laminar

steel 10 sectjon of the nopvabl e pressure rellef
compeyentsi f1ihe yrawt et of Figg 14 {@lomgng il epenipgand seclegieg pfethe spring steel

I havi ng an associ at ed

“wUORO%Q%?ﬂ§§mFﬂ£ %”¥$ﬂgx®%%q£§%%§ratus to be especially

u§ &f. ub i§ aplanandw af yncam:tlailwﬂltate(fbﬁn oFlvgnt sirticiuse mvmg an associated

ragnentary | ongi t udi nal cross sec naI V|em10n
gaske?f@aﬁﬁ&éatswawéﬁ BPPAHES \stespelyats %@WR wawrg

16i, 15 ﬁagn’]e%tdrg %}tﬁaﬂhﬁr&ﬁq _sECARAIBNERION a reduced scale of the vent

cross sect 1 onal rou a portion of the vent
structgeasishawreindgpi ¥ted in Fig. 16 and illustrating a

transyersely U ped eneral | y rectangul ar ket

¢ R THS S etresd TR hef B SentobE Rt b oy o PREISG gne ven
structSre! HptdkdEirPY. A6 SHY ﬁﬂ’lﬁsttraflﬁ’% atth@sv@aFK €L shal ?bd} gch&all$ réfangular

enl arged, fragnentary, vertical cross-sectional view

gaskepthagmpp bﬁ arevidedrictwen the perrtamilsol s/ veng simcture and a support for the
aske{)utwardly di rect ed backstop for restricting open of
g "he pressure relief portion of the vent unit; Fig. 20

| Bigd 19eduechlsiggd® Pagentirg\Ww @ficdlhg@owertttiapatiat WS alSrnate vent
shown in Fig. 19, without the top rectangul ar
appargpt HAGRE an roalﬁ@ardb r¢frecte bagkgiop é?rsf?étftqﬂvé oprwf ¢le pressure relief

pmﬁoﬁ%?ﬂw@%ﬂﬁ&ﬂius as shown in Fig. 15; 25 Fig. 22 is a
perspective view of vent apparatus having an alternate

batk 30 o reduasd kize plahaicw dfithe pene appiargus & shefvnpoFigl 0 wathout the
[ Fig. 23 is a fragnentary enl arged

‘Opre%gﬁﬂﬁgﬂ%Wﬂgkh%@%%§-sectional vi ew of the vent
apRADL /E LS perSeWie 1i8wfdrShe @it apparatus as shown in Fig. 15;

Fig. 22 is a perspective view of vent apparatus having an alternate backstop structure for
the pressure relief portion of the vent unit;

Fig. 23 is a fragmentary enlarged longitudinal cross-sectional view of the vent apparatus
shown in Fig. 22;

Fig. 24 is aperspective view of circular vent apparatus in accordance with this invention;

Fig. 25 is a plan view of the circular vent apparatus as shown in Fig. 24;

Fig. 26 is a generally schematic side view of the circular vent apparatus as illustrated in

Figs. 24 and 25; and
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Fig. 24 is a perspective view of circular vent

apparatus in accordance with this invention; 30 Fig.
WQ@208/92189p| an view of the circular vent appar aRUBUS07/068669

shown in Fig. 24; Fig. 26 is a generally schematic

side view of the circular vent apparatus as

illustrated in Fi gs 24 and 25; and WO 2008/ 021599

PCT/ US2007/ 06866 27 is an expl.oded view of
t Rig ¢érit 2B 5pRloded ey Ofpf?ﬁsgentzwpawszép Figs dhuiidnep- tepeluding the
bouoxﬁ%u%hpgﬁa&%lo@al gaﬁ%u@f the apparatus. DETAI LED

ION 5 The preferred rectangul ar vent apparatus
of this invention is illustrated in Figs. 1-7 and

desi gnat ed gener al 0. aratus 30

'S agapt ed tgo be n%ﬁﬁwﬁﬁ)m%o IosiAﬁS

di 'Tﬁ@ Bﬁé'férkéﬂr}e@tgn%&‘éﬁ WRMNMppaRAIsIofias B eRfionSik hIUEtHe8 iBfigs. 1-7 and
Fig. 6) presenting an area requiring protection from

deSIgraltﬁdugﬂn@m@Vd)ydhe mpmetd dhe Aspparatus B iy gdatpb;dbte h¢ndevred ognormal
closmg Ei\l/sgﬂ%lﬁgr ?ost%g %%nttagg%tbﬁe@% Cf)f s?rﬂétu%p%f{ %%? Rreserd nq}cn talﬁ are(‘/mrequlrmg

to a sho
protedtion Fto@San &nt@waﬁlrovkgprbﬂumeﬂﬂ at isap bWuhhleré'tbb@ [Iﬂt&lsefespect that the
frame sup Ports as for exanple shown in Figs.
vent agpayatpg 39 ol thisnny e toagan bersupilics to pruseran éheefﬁ’éﬁtsh%ﬁﬂ Wa@ﬂgs 1-7, or
I e
mcorkfe B S, S 0 80 RS PSS90 202
Thercttah @il mrahctolpffeamag cd8ntdo rhaya fier exeﬂnplwhé mBﬁnﬂeS on and secured to

generally aligned with the vent aperture 32
Struct%rﬁ PddR awémelaimgpteWaﬂ%um Yenhppesiurs ent T h%lﬁt?&l@@épa%m@@ﬁ gf frame

elemeﬁp%ts gne‘i’%ﬂ élt a!h%ﬁ@d RlR RS eﬁ‘ﬁg 3§ REstHRARE BY1 A Game ynit 40 of vent
st ruc ure Frame unit 4 has four out-turne
apparzitusp3(p)csrmoluned dr? frame elbmmlp ac enid fheamderhgn g sotdiere 3dn Erame unit 40

are .unitar ctanqul ar base porti
nas folE Byt B o DO IoRS A2 dRA T 3P ST divge anopdogr e B 4% wrflary with
rectangﬁﬁp%t: b¥RicARBNANGScs Anf@hed AEBLAY I ﬁ%e%ug @éﬁ@egﬁéw@&benmgs
frane el enent 36, and that extend throu
50 fOfplieéﬁﬂ@élg stlél&ti@a&@gulydfte dramchd cogniedo, fand éhasfextﬁaé ahieugh e project
outwarﬁz grogb{ noalt egacggogg)a%e BvarHﬂn ig' gé% ; Itélg tul%n %ggé)l :rlle{ %4 %sﬁtgreaded over

each Dt 8 asdieh@@es 0 fvabias e opostingipaot OF odCr kind@iee dfbate fétion 46 of
A segnent ed, rectangul ar, el astoneric gasket 58

frameging 40y o psenesmted: rackpaalar. ehstomerigreapkss 5B Inelerably plodligasg rubber
or the lggé,‘é\@rr@'aatfeﬁ g%@veﬁll 80 Eleﬁgnﬁf%ja FhaSe 12(9[151'1 28 ﬁi@alﬂé a{@%r?ﬁ& and has

Y, a series of openings t Rerein
a serite0€iopenigey themac tforveecainingl @spdetian gesul 48 lafges Mane frmht unit 40.

ternatlvel bol ts extendin structure
Alteﬂ@aavelw%% SadEgt lf%lgh AN ?fafng iﬁ«ﬁn 9gffan drfaggyortion 46 of

frame Wit 404Ra rORIR] Y sd8find #imSBFHED RS LERAE UM is #thtQded over
structure 34. Nuts 54 threaded over 25 respective

respthltVa dtsld522 sevote stardeellixdtameafnfiti40 ahd dreechyriha apparagrs@0 to structure
aratus 30 to structure 34 in alignment

34 m%‘%nﬁleél gbtpf"ézg HAHEEY SRt PSHEEfr e 32. Vent structure

6§ caf st@l@ﬁ@é 60 YSapPrat RBOUARSIAR a“e@ﬁi@@@ité &mhzﬁ@ﬂl D@t @%Fug 5) made
uni t 62@é . 5) made wup of a spri n st eel t]oane
aarel t

up of apring ¢ $Prandg sse@sl sppagsice , fpodf oftthe sagagreize, and of
outer gln%e%SmﬁQ Qub(s){antlally corresponding to the w1dth and length dimensions of frame unit
40. Suitable spring steel materials are hardened 301, 304, 316, 3161 and 316LTi stainless steel.
In lieu of stainless spring steel, the panels 64 and 66 may be fabricated from other spring steel

metals, as for example Inconel, titanium, nickel, or Hastelloy that have been suitably hardened
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out er di nmensions substantially corresponding to the

wi dth and I ength dinensions of frame unit 30 40.
w@ioBAanlse spring steel materials are hardened BOLYSZ071068669

316, 316L and 316LTi stainless steel. In lieu of

stainless spring steel, the panels 64 and 66 may be

fabricated from ot her sprinﬁpsteel netals, as for

by rol]d% gg{ggeé]l%l%g %Pd? (lmgl{n;;leah%ga]g g](é:@? ckel gb %@9 Hggt@(tﬂl lhgrderturrllgttechmques

The pﬁfgﬂ %g%ykgﬁggge%es 105 clpc% Ql%qelrﬂufbg ’68t1§d£%ra'r d (R rﬁﬁeter thereof,
anneal i ng i n accordan known net al den

with tﬂlecapmuqae§8 of‘lmeelp%bhmg@éhgaﬂbw@tﬁ taspoetive 31&1111@@ 6)8 of panel 66.
erture ocated round.th pe i mgt er

ApertgREFE i ToHaath SRt 85 F trpoadn g aningt soRE B T fpgular flanges 48

unitar@wi@nRde Pbiibn 46 SPREME \RitAPEr t ures 68 of panel 66.
Apertures 68 are located to align with correspondi ng

openinyecl panales4 anddbOley laamnaibdy et L g?-: eachPavén senics @fispaced end-

ortion 0 rane nlt stee
to-endsghtse Y(p ﬁ'ggc olpgraé%to cé%lng gl%aé)ad e f’f \G/ﬁalinegsz’} lhe lh aevoef weakness
72 in &Rh 0 thePanslP 8L Al 6€REk-a fad-ETREpSdel sy s%gmbﬂam@ SAPEILAbEed by an
to define a U shaped |ine of weakness 72. The |ine of

end bighlaienment 722 Epeh linect vorakngrs 73 dplnes aguesanis relec(pagion 74 that upon
openuggﬂ)dprnggglhoqx? Hf%sh?ﬁj%e a?%zﬁe&g@%&a v%ﬁ) F@%\éﬁ(ﬁ éé g.{sl&] ?lgat lﬂgs Bllween the

termndaﬁe énd%e)f leg segtﬁaﬁsﬁﬁ anel72ebf qaok tinoof wehkhdra 72 up@pteltbm a respective

peni ng bends about the hinge area 76 of respective
bight B%.Iﬂep 57964 Itgh &l%ﬁoreéﬁéeﬂlﬁg?mw% ab@% cr R 7 ée Bripieam| with and
aunnﬁggéﬁqk gggséﬁgﬂﬁﬁ;s 72a and 72b of each line of
nes renote froma respective bight portion
720relattvelysthuh etripf BY ef syntlineicunsiersitond undatlice pahelhbhgecovering

et R0 e RS R o Aot BE Bl ARSIy s or
synthdtRTbdin fteRial lerRARS hESH RARERSss §4 it ParPYET A @eﬂatn;'e'l_’y thin synthetic
relationship to the Iine of weakness 72 in panel

64,
resin shigpt| & 1amé,¢rm>seérbemqeapaw &4 angi 69, gmci bqswscn @ﬁpecgymtﬁm &and 80.

The shee? é? mél% f tﬁ%ﬁ ove t%satnhl ndtglyc{]n Ii[lﬁl’éstlons as Pane%s 64 e({b, glﬁd thereby

have bpeﬂuligseﬂiéﬁﬁle dh@eﬁli/gﬁaemmamktare@%@r& Gfect &0 dmbji‘tbée@ﬂ'l dimensions
respective strips 78 and The sheet 82 mmy be of

substa@lﬂéllg%ﬂﬂél Ioeth@f)ﬁteﬁ%geﬁpﬁﬁtﬁpﬂﬂ %éﬂ%ﬁ%nlaf oA $hepwRs mgmsigifcps pancls
64 an(@§6 09 gb gg&g’éﬁméheeeﬂgﬁzﬂ gr?be K 1ﬁe§ 5@ %%%%4%&%6 The

ap ertures |nens
strips § 81 bsd 8nanddhleyt S2qualicrabty drbéaboivited oEligemaadd csliylénepraiB/lene (FEP),

and | f of S di nensi ons as panels 64 and
Ora“%%P“€ﬂ§é¥w%ﬁsRi€§85§ﬁgngs therein that align with
AR UL LM HI&I ihfd a%gli)t)&te(iﬂmﬁﬁ%d@lﬁlt e{mﬁow§f({r'ef9:§n51§ ififigs. 1, 6, and

80 and sheet 82 preferably are fabricated
7, strip [7§0s imterpestddichyd¢onmanglr @oarddeshect( FZEMhile st &(h is positioned between
h tg%ui alegé such as PTFE or PFA. Wen assenbled into a
shee ﬁ%ﬁ% §-aminated unit, as shown for exanple in

FiTes -oufer Bme@iéhs @dSfrdme Slfn[tléﬂ) 48 préfetdb L hPARade RevagNhe outer
panel 64 and sheet 82, while strip 80 is positioned

dimensignpeElAmingidamitgR. Andic parrentrgsectiph@4of fremednidf & hspsaway from
the re%%r%gélga? Bgrlrﬂntle} oﬁpan%ru%ltpé{oetg ?gﬁbgn%u%pﬂaﬁl-&lg%tea%g&s?o% 8t6h Fhe width

of central section 84 is approximately equal to the distance between leg portions 72a and 72b of

line of weakness 72 while the length of section 84 is approximately equal to the length of

respective leg portions 72a and 72b, and thereby the distance from the bight portion 72¢ of line
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di mrensions of lam nated unit 62. A die cut centra
section 84 of frane unit 40 is bent away from the
wo zoBariged ar perineter of frame unit 40 to f orPaEES2007/068669
outwar dl y-di rected backstop 86. The wi dth 30 of
central section 84 is approxi mately equal to the
di stance between Ie&%Portl s 72a and 72b of _line of

of weglmgnesid mnagsrgae/ O RackdepyPhhasra tsasysreply gurvpdinnermost section 88
s SRS Ll 0 B SN PAPER i o
outermdm eBgg hortipardli aitbatRatopB6lis IaBO\I@nQﬁ)\@ﬂéy 2609 central section 84 of

007/ 068669 11.of .weakness d hi n are
backstf@ 8165@5@ P 18 8hg spned W%%%?%Pg/%é pe dnieh Fadkipals curvature of
curved 8&libR8S8nd 9@ 3 ba&sﬂﬁb' g@fny a PetdrdanentRdi RGR M Vent apparatus 30 is

transverse segnent 46a of base portion 46 of frame
about pflirnm4 OlheThaor oentet mpn &dgd bporstopBo gt @Xteb@cmwmlﬁﬁom the

et S S BT S5 R0yl o0 it

respect &6 the Pk fspaﬂ—a%4' s rerfé}géd"t‘ﬁatqle Gé%ftl\aiigééﬁgn @fl and %é’@gectlon 90
sections 8 90 of backstop 86 in a preferred

0fbmambp66mph¢dn¢bﬂ®nﬁadpnahamuquQMMghm@bﬁdmlSOmpnwnmhdyequdto

] central backs op 86 that extends
ﬂwlm§%%ﬁéﬂﬁﬂ§ﬁ¥W%ﬁéﬁﬁgogF@3é JEAm i meter portion of
f mapar m&ﬁ@zuﬁa}%d Ifmia@d ah tl%‘n&ﬁﬁll? r&hn@ﬂﬁﬁ@@ﬂ"ﬁ&&l@dtdb 86, as
90 with ect to the face of pane It is

illustrpfed fie Frg§d2 {5 te peovddmraidpreswent lon t®4baakmom &6 v éé is evident from

these ﬁ%u Eé ?a]c I%(r%%l I{Jcr"i:gc{régo EIP%I%%O%HC tnj}e\él)?(é)y ? éllré)({ to ?rahfv%?s Igegment

46a oﬂ&s& b@‘tlbﬁ ng bhfr@[ﬁle uhie 40r ﬂfﬁéiﬂﬂte&n{e&ﬂa‘[eﬁég p@hicno%6 ai”eaelﬁ brace 92 is at
vent unit 62. A pair of braces 92 may be prOV|ded on

an angle,with g5speqt (qconga $9614q0 FAIdaghstapiok a1 Beween Figs3. The outermost leg

se gméfnl(t) by %F‘ E&E{ éerbfl's ggach%s ﬂ?gleé\(}f eerﬁtrfa) 'r(%f%eﬁt? l%tgffoﬁ%ﬁe(ﬁ{back stop

861X6X@Mﬁﬁsmﬂﬂﬂbhchmﬁ@b 92 includes an innernost Ieg

segnment 94, . secured to transv se S 46a ase
pg‘%‘ﬁ‘?r@ﬁn Appligptiensy ?@Veﬁ}h PRPA#US elt 1%15%%“??%’ tatPéOYla@ aqayer 100 of
insulaBRE FRMriad & Wer?f?%’keﬁﬁ@&&u@% thS oferntest 2t INILA ﬁ%&lhﬂ to prevent

respect to cen section 84 of backstop 86, as shown
condepsatibh gronBcoliFhengon teposssure egjic pedrond of Sfem:fpaealcﬂ%ﬂ dIrvagieunit 62.

2 IS a che o t he .adj acent fac f.central. ti.on
msuleBfe 4 PO SBY b5 el G soRiiope ek Bb oGk AR 5B 1Fhetn and
width @ehémidhs @pﬂiahplayérqoe aff pry@ibl %X@ﬁlﬂ@l uall tb theSlength and width

desirable to provide a Ia%er 1 i nsul ating
0fﬂwﬁﬁﬁ@ﬂﬁé@“ﬁ@°ﬁ¥@ﬁV@pﬁ@mkéﬁ tlonshlp to the outernost

fac r-even n .

f ;ﬁ*b e?g %%sk%?gg 1S ?I%Cedt (?\éeg Sf%%/ne érlee [grgf.’)%olﬂ cﬁlﬂjzo% tl.?gl vg)lfth studs 52

extenddﬁ@thrpaglﬁihe@fﬂtskﬁ[ went app’aratusfﬁ() of A nauﬁfagurmg)d andedond®@ktion, as for
may be faornmed of a conventlonal cel lul ar foam
exam%ﬁlawram Figrdetsithsigilared quer g semsHepgnd pys of tlglaﬁmd to securely

affix a[pg&%ﬁﬁ%@% @‘trrﬁc %féle'f'[taip kY bERRELW B %},1 $ 6panhﬂﬁr ﬂanges 48

t he pressure relie pOftIOI’]S
definiog opanﬂags ﬁnbottmn opeagdinso firangadkaent5® arsl Hn’em«bvmempresswn of

frame_ el emrent 36 i.spositio h studs 52 25
gask%% &hthe sgme ﬂ%gﬁ%&% @aglwefesse@ém%fl IRy Lo Py idse %?fﬂ bptween the

mterl&Qﬁ’fftﬁé%HBl%EﬂeQ 'are%ragd @t%hfouﬁ&hg Bim&phder  exanpl e shown
1, is th en(g aced over frame el enent 36 and
ti

n N\’I@ngm oveheseure donwtigrewithislaconfined space protected by vent apparatus 30
reaches a level sufficient to rupture the areas of panels 64 and 66 between the ends of adjacent

slits 70 and that also severs strips 78 and 80 and sheet 82 along edges aligned with lines of
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affix apparatus 30 to structure 34. It is to be noted
that the outer margins of annular flanges 48 defining
wWo@pwRH02Ige 50 bottom out agai nst frane el enent BBI/HSAH07/068669
prevent overconpression of gasket 58, at the sane
time, gasket 58 is conpreszﬁf suff|C|entIy to provide
a seal between the. 30 int of the protected area
weaknggg 7%, r}?ées%lierré%ﬁfdwﬁt@orﬁtMﬁSfm@é?lé 64%@&6@@%@@ Berskahpuprespective
[ KOt ERL
hinge Q&Qg‘géa t ’glgk %gsmregg @%ﬂﬁdﬁgev e?Q ?PIR g?e i ?%’n? ﬁle%{ﬁﬁ]lttlal positions
closing lnh?: \aalneaisermfe Patoel sslebed apeh p&sitioet mlemetﬁa&eléﬁ(éﬁgaging the adjacent
| acent its 70 and that al so severs stri nd .
face Ogg@ﬁwpgﬁﬁe achori Agesttiyading fP@YFé‘benxt/\Pf WS prisgae aflicppprtions 74
of pard 4%/ &%@%mﬁ%/bk&%@ Qhb g@l%gé% thd RindBakNeSS0 Rovement of the relief
pressure relief portions 74 of panels 647and 66 open
portioan @4 loé ek “emo unit K@ spelcthineby pmmge saegisg P6preFhwe relief portions 74
essure relief. portions i t.62

toud GRS et BB P Eoobd iy Rl o ealih BRY Bl o e

arcas ¥@opanbls 8% bRd 6O PERusPAS [irhi@AlioM onfihd SeinPRB &hovetheRNEPBEsBEre reliel
the adj acent face of backstop 86. Backstop 86 arrests

portwbe rditagpprovenaiely a090% dnglppsuarteatrtbe pesssysorelicdportins ¥4 of the

sainl s BTG ShaPg 5 Mmoo TR To 1 RRE Gl pERGofSd frgpipositons
thered?fbebARe MRIthodilid ofBesili@E ah @RS Rty BY @4 8pttiSe SVl Pedld6dnd 66 has

pressure relief portions 74 through corresponding
not begp exceeet woul d exceed t he nodul us of resilience and

ITﬁg Hot%f:;]stlgn ﬁ?ff thQ {)Iﬂ%gd SG%IEISI? ?P} é§2€ﬁkﬁ%§ Egllﬁgsg)éﬁlgﬂguge?ul in absorbing

and dm@mgr lénétrl dnefgy of th’etpr@é@ﬁre%éhdf@oﬁpmrmmmqia)ﬁela 69Qnd 66, in that
assures that the pressure relief portions 74 of

the edgﬁ“e‘)fjf@n%lﬁ & and 66 @Bﬂ@@]‘@’ Rightgrortioisel2s of ing aweskngpy 72 are spaced
furthegtg%(?ﬁl Mid r@% 2&&2476 ?fh%{'beg(lérg %gerntUtv]e @f‘%gﬁﬁo%étg§ ? In(}urm é)enmg of
pressmmd:hef Estiorc74 in respohdeao spovang essuesslonpaine becuBdn@wdhiGbhe protected

(15gs not bee54exceeded. The provision of the curved
are defiged Py #rusgt6r4backst op 86 i s especial |y useful in

aRsQERVAE an3Nd ] ARBNSBRE DY) kf ﬂ%@ltn' Iﬁat@ﬁﬁﬁgiéro@fdeh R& the outermost face
pressure relief portion 74 of vent panels 64 and 66,

of venit pandh &4, tha Blyem]é)Oe;@gemems a;gann@l the 6djacand {466 ofibddksied 86y Layer 100

functig A B RS L ERR S Bin®li eat e QiR BB o ieto RS PiGsure retier

portiodé of RentArRabES tAssP eadltdMidMmooRRfitieofo adidss! 6L pressure relief
relief portion 74 in response to an overpressure

portiogpAdiof ivert Reeelirtdi g & taking anhe sq rthatevquddl praghuledhe prpsepre relief
por‘uo%%’ 7? HOHGEHT g f'c? thlleg1 11%1?%1\}?%&@)&10 gf&tsfﬁlgség&%lre H9 kt peressu%zrghef has

oam rat erra Ut er mos
been dbtain@nt panel 64, the |ayer 100 conpresses agai nst the

a&kacent face of backstop 84. Layer 100  functions_ t
¢ PRI sisglmaterinbTm peghoagpls £4 9%@?1@? fbeigatgdis mgferably a steel

Where‘ﬁpﬁ@ &ﬁ@er@r{cetblaﬁwe%ﬁ %?e?gélﬁ ﬁlt 488 1enPRY {cABS dtea g@ﬂeEl panel is

a resu O contributes“to avol
no mq]xe dm&wlbeutr?&]OI N/fmmb ofrefepatdy, Tde pikldvisint quariedssle (Mreﬁgthi o6 e spring

t aki. on a set woyl d | ude, t he pressure :
stel pial s o FagteDis 298 NG LA B tbrrGiveD, ekias spring sce
is prefﬁﬁ”@dl bdARS JthiQebMEki ARREL A&, Fhe HlEFoiRr3a $aHsBe §iRInk@fof the spring
as
steel have been increased by thermal hardening or hard rolling or both. Annealing and tempering
of the metal may be carried out to obtain the required yield point and tensile strength of the

spring steel.
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25 been obtained. The spring steel material from which

panels 64 and 66 are fabricated is preferably a stee
wawrmse1591 he di fference between the yield poi NRRCETSR007/068669

tensile strength of each spring steel panel is no

nore than about 300 N mm?® Preferably, the yield point

and tensile strength of thélsprlng steel material is

atxeraplary %@gtstefb@l@temlﬁ@efgh@ fabrypgtigp ﬁf]@ent unit 62 of vent apparatus

30 ard SRAGGE R 'f ?)JL Y‘recé‘(ﬁ' I{)Ilefa\?ssMs"@.rB%0§ tl\?&'he%ﬁ,elg% @F@ﬁ%{g{sﬁéﬁnless steel

ecause of Its corrosion resi stance.
austerand] .4 &HsC1 Zﬁ)Osltardamjjlteh EdF1008%2 ﬁﬁwmg g tensil eetenpthoé 1 H&L 163 N/mm”?,

ncr eased py ardeni ql |
o hardggpy SR Hﬁ(h e REEHTHG g b bk iy byst AMs 5519
havm%@%ﬂsﬁg sttt 8F Qplt()al AB0INYE 2§ Wb Fils Vo 0468 RR1 1Y, #¥hn elongation
ensil e strength of the spring steel. WD 2008/ 021599

(A80 mETH S0 2hd ESBOD5 1 tyBestheemyl (a)reytesq@hstrgngth e®]3298Y/emi’ad Bardness
fab
of 4043 i feiofeiiaR EART ey hE0i: BihsseieShneRir 1 12- Mg Nmr

a hardBe&80020ech QIIVnandE!Ea clbm&liddi(AS0 $hrA%d) 168 3c)54 RAkile strength of 1397
austenltlc 4310 C 1300-hard rol | ed EN 10088- 2 havi ng

N/mg,  baidngse 0§ﬁ23eH§{t Andin glongatipn g3 3R M) AS: 4 addniesslegtrength of

ta10- gt S e BB PG I ol AR BT or iy Ry 14 and (o)

tensildl gth46 03 $U-mBE2 N and g b dneiasssoi 4468V4 681 dd\slorgado@(A 80 mm%) 16-
el ongation (A8Q0 mm?49 13-16; and ENL1O151 types haV|n?
18. A(a'c)mﬁﬂ@réhwf@ %%1?16$§g‘lpﬁméfstef§@8teﬂﬂhﬁ§1 380 haviggesignsilgstrength of

1550 SR olh, LEROSELE0S SRR 45Ridy (. s

strips F2AndRD &M, slr&latd&aareed)fofﬂngﬂtnated B Enenppylén@ (FER)) oaalternatwely,

te I t f 13 h
Polytearﬁﬁﬁérﬂg@rsﬂaﬁ% Zl?f 151?90 (’AQ@Y%“’HF aﬂs&% P! w%g &533 ﬁ@ |eac2h strip’and the
sheet @ﬁ@g’%nkﬁ&s 102l 0236 4k M{dm@ferébl}lﬁ&%%&? 0af 124%‘&%out 0.30

HV, and an el ongation (A8
mm. TgpisillvenisapperagtsdOohcla@®ghe38at Niifrh2 may, foa ﬁ@lmpis, h$f42£i)4nm wide

by 473y s e B R P S RaET e €70 A, € Bt fuihighe rom

the fad dfgaRéll & i tah @DEVAd qfrectﬂoﬁﬁﬁert:@oé@%uﬂ\ﬂlmmand a
t hi ckness of 0.05 to 3 mm and preferably

DAdicF apirpresueburst prpssyreApeafentBos Anvp ke @ﬁta@lzsha¢ £orghe vent unit

I
s2orrt BrhBFIo, GOt SEM ATt BcThondher fppisuioporvent i
62 argpdtéiminsdoaldkoXe pOWyaReiesy PFArmetMii lfheaﬁethl pdrkispthanelillt 4eure full
sheet having a thickness of about Q.250 nm and

opening @llag BISPE Y%‘ﬁf pasBoRs B of thepansisiag thesaerified @erprggpure. In certain
mstangé’sp ﬁ@n %@%a@d&%’f@ﬁé&%&%@ hr%}fﬁ%%ﬂbﬁ%ﬂée@ IM%T]E?.IL{EE‘[; m Tﬁge carried

or exanple ong.
out to ban:ﬁmm ‘d)1|at 8parofulatrateciiemd§ cirpontuts endiﬂhe fetyicafiar parameters therefor

.. _exar be extend f the face anel 64 in an
will SRR SR G oot i baheasbap3e AR 9B TR gRe. whercupon

vent sEULRS €5 B! Hélnl%%d% cﬁEt@ﬁéﬁéR@ﬂl&H&%é‘ AL HARRIRRYERBABe with and
established for the vent unit 62 of vent apparatus

pursuB0 o thieaequdis of theltest datat eri al s i ncl udi ng di nensi ons for
fabri,cation of vent uni 2 are determ ped
of o dih o0 S5 BTt RE R AP THE B NG eyl 30 in i
normaA®petaodallbbsition protecting a confined zone from an untoward overpressure caused
by an explosion or fast burning fire as examples. The pressure relief portions 74 of panels 64
and 66 of vent unit 62 fully open immediately about respective hinge areas 76 to relieve the high

pressure in the protected area. The backstop 86 serves to limit and arrest the degree of swinging
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openi ng of the pressure relief portions 74 of the
panel s at the specified overpressure. In certain
WO aBAarIses, and i n accordance with accepted i nRIUBUS1081/068669

practices, enpirical tests may be carried 25 out to

confirmthat a particular selection of conponents and

t he fabrlcatlonfparaneters Yherefor. will result in
moverigpft ok Prageure rreligfhpertions, 74 gahout \RWSIPFCtb’ﬁelﬁné‘f aggas 76 as a result of

r

emere B Bl O S B S PR Pl Sin MARR AR YR HEN R B inner
sectioh 138 a€ barkd@p&e insttdtcgcudly lmmtesiual’anvds () thh edjnesiti hinge afeat7bef panel

t est dat a. 3 is a.cr ge er al
64 to %lﬁewgtnr%sswf@;r?l& iPOHIEE 7¢9 P@ %g%ffbfg?é ?4%‘ gurved shape

of inn@QeAXHIH. TARSABLIHARALI BRI AQR: AR GdchiBe 88 OFB’E[H(E‘[BE €6 prevents
zone froman untoward overpressure caused by

the himgepirers i76 nf tic pfasire balichportjofid Feofarsnigpaaaty bégnd thﬁom bending about
.essure re portions 74 of nel s 64..

ereas AT pogll R b omdinuih AR Sipoiicf BEpEE: yfrom teir

respedlive §8ncdd &Pdnd 66 ab @ rds8lt oEIhe hlétherQanoﬁé@(%St%E Ringh alteH§76 of panels
protected area. The backstop 86 serves to |imt and

64 ang opebiring hoghipigpuee ertugt\rrrm@n gpemgztbe@pﬁz TBggurvature of innermost

sectioh ggé)ybsﬁ%gé 9@ %Igg ?rovilté:s gﬁ c19rvecp gu??a%éjfo% é&%t‘hﬁig out the kinetic
portions res ec TYe hrhge 3

energy @sakd dofing @ﬁgﬂgeﬁﬁﬁipaﬁélst hikeiteebenditigfoicie: dil‘terﬁﬂdigin Bressure
with the backstop he transversely curved inne

relief geuigiony A4 8B vett pﬁl&f‘ék éi‘ élbd 86 abayit ey gyl wifaesof &?@%%%0 of backstop
36 coft@bel KathGholilf:, ARARD, ot AABUEAEBu L KiHe DAy (th dfining of
the prﬁrﬁuteaehcﬂ’lfommnst"m aﬂdqaremVseme spﬁmgstEeloﬁatemz{lefrors exddedimg its yield
e snooth transjtion rvature of inner secti :
point fgéi tslrs b ety agéx"ﬁrleb 1d prger ithgaesspedsliof BOGIoNE pikof spring
steel ﬂ%ﬁ@l% %’4 laBd 66 IR reﬁﬁ’ﬁltng %‘ﬁlelz‘}mﬁfdl ﬁ’(ﬁﬁfonﬁ) 3&@,%11§w1§ ‘ﬂor%&gmﬁQ in Figs. 1
from bendi ng about Ccrease lines that would tend
and6cause separatlon of pressure relief portrons 74 from
respect i.ye
bk e BB AR, o SRR B e S G Rl BEH0 hul¥p b Brovision

of a c@ﬂvéﬁﬁdnﬁ6 rédthink ir, NtGBv REBP S WhepICtratat i10D a@lﬁ}ﬁe@ REBE Bénnected to
thereof. The curvature of innernpst 10 section 88 of

structyyg St &t @kgnaenh‘rv% APFRVIVERE - ATaME | B Seryes evpnaigriie tpdisene clement
r - [

360t LR, PRI PP AL 1 R SRRV 08 s

such al@f&fr@cttﬂre@ﬂ ovedbasreur legd 10sfthpard peopsdichldio reepsﬁcupala:gé $04. Legs

4 and 66 about the curved surface of section 90 of
106 Oﬁ%{%re t@sre&rﬁ erseiitlysapiyalspide s rasme cleras éfi asghowmin Fig. 6.
Studs § 0RLddtGo % ?Jenéﬁh Ql;vhf friehae&Y1 (f6r291@£9§’setﬂf(ﬂ gh %Eer.tlfr@setherefor in
pressure re por lons 74 a prevents t spring
the vegtwel 621eA élni, aetctefmgohtr ﬁxme ed:rnﬂ@r il tGowarkdsdhd perpoétot edgn df vent unit

nsile s rengt h to nt th woul reven
62 and, Ftdisuii SDeriEr Spored Brtcr b oA docachefe Bl E auis o be
underﬁGde fifat frﬁﬁ@rﬁ&h&’érrl'lﬁglaﬁ Q sEfi@é ('Sf zin‘ﬂhta'r @llané&%'lﬂlﬂ@rnt% fléhges 48 that
shown for exanple in Figs. . vent
deﬁnqatbp apeatngs f@mmﬂomtudﬁ 108, gnd Bladreslfaeamstf th@ adjapypasurfags of leg 106
convent |

of traf@ |32 X etdlyrelfiy Bt e Bhsifh, SRR P AUBTS sisq o e provided

in modt@ndoehceIBUIRErEIdg 1 06 ofZPansd 1020ind iR Féxinthl Slrf26 GEiMt pWhdl B6 of vent

an aperture 32. Frane 102 serves as an alternate to
unit 62y g dlagywepiit 407 also has an outwardly-bent portion defining a backstop 86,

preferably having the same configuration as backstop 86.
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36 of Fig. 6 and has four outwardly-directed | egs 104

that are perpendicular to a wall structure, such as
wWG200802139% 34, as well as four legs 106 that ar@&r/US2007/068669

per pendi cul ar to respective |legs 104. Legs 106 of

frame 102 are therefore ess%ptlally equi valent to the

frame el enment 36, as shown 5o Fi.g . Studs 108

sEHSdY g@l&?r%l}ydrees@@@ﬁ%wgofémyoﬁq%% P%tfélt 101 63rfd Vigalsgructure 60
folloﬁlﬁégagélggﬁg%&ﬁ B;ﬁ rft &%ﬁ@fe&ﬁ g‘% e%ﬁ%\?\é é)g%ltr%?Sﬁ% relfef portions

74. Therenrpheels 64 gﬂad 66, beemtse ofitheir 161&:randes‘ilneme andintend@y, ratudh to the
is secured in.plac nuts 112 ach of the studs

vent apgrgine efos i ey Tt 5 BB Wkt SAeoRBAtbARe BEbfalas been

rehevé’d SI?irs &6c MseARAMA Fil! @MdeSe flafdihdsr ﬂr@ssﬁtle‘?&gé%% péﬁlotnm defined
define the openings for receiving studs 108, and

by linesesftweagacsssk2 ditvacladi the patcls ot frabed, afe SL@gtar.Lmly qorhtlgucmﬁevnh the

i cta ular oneri c ,se asket, such a i
adjachf s pillegE A i of aR g LR StAuEs T b AR e St e R puions 74
thus bt&k\éﬁ@fﬂub 8y nml@cﬂlfre 34 apEndddde alddink bethRrexd a@sa}tu&lsafbg%m panels

the panel 66 of vent unit 62. The frame unit
64 anchp& basfersitigatiog eiieet an yedsémry guplosions andfdontimptian 9a ek dase of re-

et 08 s i BOacs G BT RO h Bk bty plocked

8Ths afjemetcatdny appates em ahvivig V@ﬁt ithEtLﬁ‘é) M0t 4s0¢ho®in Memg 10, is
unit 62 of vent structure 60 fol omnng actuation
T

adaptqd{g rb@élﬂowdaml b prieslirame fad. sepHade dragjseliiZnabgain is shown

only fglr ﬁﬁ%{ﬁ{tﬁe ?és RO {1191@ 262 gflven?aﬁlc\'lﬁg b 6RARLSHEA (ROGknt unit 62
6, because their inherent resilience and nenory,

only i gtatit hagasindiespringtechmarct Ldaimilasn ngnspostidn amdsnaterial dimensions

thereof, as shown in Fiqg. as _so as t pressure
and kB da Pt e Bnshot batiel PR e Gir et Ur B iRy ofgveakness
deﬁnetd fa bR ﬁ@ﬁ&b@ %n@-fto-gﬁ@sﬁﬁéj(n%t é’kf%kﬁﬁﬁ?e pe Eltlﬂs ﬁé‘ﬁﬂ ﬂg line of weakness
defi ned i nes of weakness each panel s

72 in @mebrﬁ& a@é 66 abeirdefssteah nomlslbryngﬁﬁwl pglﬁlmlﬂ&mnﬂﬂ 89 héerhe spring steel
t f 102 d f
panel Jh 8o LT PR A P 2P e B B ancs 175

and mpelrﬂetéfe@l Pehicisn 78 bhd €8IS Bebe slit¥mRHhidk@in6d @ﬁwmm@sfs cbhPlemental
vent erture 32 by vent panels 64 and 66 has

with the Kapin ansness fepie Ho% ekhsriwarsprias pieeiapls | Zhand 180 are preferably
V. 0
of aboglg{l]lhl d @#hill &eggﬂﬁggtgelg)urrmﬁ? PQ‘ ¢ % eﬁgt\g{Ge ﬁ{le%en?fl%@ n%ﬁr to frame
membeol l(pruo ﬁssbblyud;ﬂ witkeads 1INendhite t 4Bic@veseahokipRart aditl 562 on frame
130 having vent structure 160, as shown in Fig. 10, is
134, adapted to be nounted on a conventional franme 134,
l@metiit 14®MBke Bame LRRU0AGAL Bn b Hod 984 defi
e i RS Rame W0 R, th Ry Y Bentition, 24 defining o
backstb@(l 8di Tﬁ@al&rrﬁat@hadklstep \1! 8Mmof weni appﬁﬁltusolﬂIOys mmﬂahtatbackstdpe% in that

it has G JaRPIOE VAR eHAE AR Rt i e hemas o PrciRHbsl that th

upr1gﬂt @eo”-‘hféﬁ iy B@ is3he@AntRAD @tkalglﬁ anf8Rnolibfhch® oﬂépéﬂrge%@et‘!ﬁ&nh I@esired,
U-shaped |ine of weakness defined by a series of

howewpalerslistop i 86.t loaemd@lcstvgﬂ( ﬂn@tpr@hmm):mbodhmenh@f &is ingention, may
definin Iine of 64 and 66.

nave RG] B8’ PR LB RS St S Ll pRARRERE 178 ana 180
Otk kd Be 51%1%@ (RO €lg. 1pamel ugddopeinicbfand e inRfl68ERe pressure
PTFE, OR PFA 182 |nterposed bet ween st ai nl ess st eel

relicf pantien d 74 & panghd 64 sgurylie its fréetl neswien dlorkmedhel vagapaites 138 of

frame q%ﬁ,ewﬁ 1L bR &QJS{HQEI e ﬁo@&énsolfﬂvkﬁ%lﬁe%?ﬁ;ne‘fso PRl SIS Alemain in their
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20 wth the Iine of weakness in panel 164. The
non-spring steel panels 178 and 180 are preferably of
wW@bwemispee sane thickness as the spring steel PEKE$2007/068669
164. A frame elenent 136, simlar to frame nenber
110, in association wth studs 139 and nuts 142 serves
to hold vent unit 162 on fri¥we 134. The frane [
actuatgdieonditiqedinpiieghy thnrighbsection 58401 backsigRr gty T BeREP. BTFE, OR PFA
T
sheet Eﬁ;{:ilg(?%n’?a gag) k@gﬂt‘%egb %?s{ﬁéﬁ?ﬁ%%@&ﬂ%l% (f}g)aﬁélg ¢ EP180.
bdbk semrapﬁzﬁaluﬂ 280ats shown h’taElga,nl li-hhendhoks ventr se@dture 260 provided

section 8 . but dlffer om backst op 86 pn
with %YFntt HAY %ﬁes howrasdisings @?P?fﬂ] befwacn & canysatighl "f &62’ similar to

frameﬂ)@ Bin@BTraARAILARSE 2 OITHRAUA sBHAHIBD hGdHE rﬁ%@faﬁrﬂ&s stebl panels
desired, however, backstop 186, in accordanCe Wt

278 anch&l(y sefitr tedorenbog sehpandls {1 @dk}&ﬂeoftfilgun TlnmganelséAZ’é and 280
are seurdRd B i BBP I BP R St 55 s ichns F ot o Bseen that panc

278 haihAU-dHape RRES RekabsstaTe deginbd YhatseAd&of o ?B&dpé&ﬁﬁ%&i slits 270.
relief portion 174 of panel 164 returns to its initial

The teyadnal icags bl Bekea gegm@ts/%?ﬁa ale? P2 of lrggofowcaknessnd/21@m a bight

portlo\é\?gkg %%tﬂg gg& ?fi\?réa‘%kﬁes{s? hehl? % gtg%]él} g%i@@% %g%?ents%ag laisid 272b,

remotPESMUISZAQTLE HBEEM a Hifgeaitidt B «fpack] 7 Nt id toibt @dlddstood that the
t he upri ght sectlon 184 of backstop 186. The FEP,
panel gpfrfhas @reppnof gpased. engozend slitseipgt ﬁ%owmaf&&élmgo%ﬂ%@ﬁ weakness
compRfRREHHARTRELE [y Rl ofS 168 of panels 178 and 180.
e vent apparatus 230, as shown in Figs. 11-13,
i AcpluickEi sy ofeinte-tot- s'ldmtspa[aedAﬁlﬁalket cuided spritdstec]Veavts 204 dverlie the

outerrggsiﬁgegg\%%ngf%gfgﬁgt ”gllleagirﬁgro{gﬁi@tv\égg& & Con r?)]g]tal oﬂtainc of line of

Weakrfekéem‘lh p2R48- 27@3{% éﬁ%ﬂ@veﬁfeﬂ ULLHY &a 3@@: HAGic SRR wIMS 298, to the upper
st ai nl ess st eel ane S 78 and simlar to

surfacnohpast 2HYy Hteee@kis phlneves 297 gdjaqcmilt h@ge afea B @are tiiped between a leg

or raBEATe R w9 en (et R PeRRRE ST Ry bt iebop gt or rame

elemeﬁﬁm is béhBaR@SramUéns %@éﬁl@ulak peribteB AR g 202 ofla fan NREwardly-
a series of spaced, end-to-end slits 270. The

dlrect@%b%kﬁap 28arpather oftth@sa}n@g@é‘l@n@ﬂpg aglackstapd 86 pppinyfar to backstop
86 line of weakness 272 join a bight 10 portion 272c of
" the line of weakness 272, while the extrem ties of Ieg
SEgeRtisa 2rbdasanidnd iRkstratioe 6DV ent fapparatak QRO fdalb&ang Openmg of the
present a hin portion 276 of panel 278. It is

preSS%EFélﬁém%ﬁlwgtof pHEls 2da 8¢ 2%%&@% 204 ap sl Oéaﬁa@élen thereof
by a p‘?&fe{r( o glgﬁ Q)V§J|1|gp<fs N @I’ Iﬁ ?Mf@["ﬁz el BU SiFeRel e tl%fsgrln%steel leaves

ement 1i ne of weakness
294 rgthur parictsy 2’0 and @86 by ssbsﬂmﬂaﬁpah@mumiap@hticeﬂs thetal, nthessficcting
verll the .. 15 oute st face

r|n ste | eaves 294
imme QRS or Yo dporite oL AHGe g0S ey A TBYSN S BT Bk g csulting

from Q'fgé"%r gt? gfépl@iloﬂl ' 'Tﬁe Qéaveé"@@k ﬁl%s&ngtz&té@opﬁﬁﬁll sze76$ nﬁﬁ&ml having
spot - wel ded, as for exanple by the spot wel ds 296,

memofi) @ndjmpléuenceswm@terwfmwﬁe the@7 8f spFing ségvdpansfs %@Aﬂe@ preVIOusly
.29 dj a cent e a 6. .are ween a

cescrfil PR ARG Sho 0 s A0 e B 2Bt LT RRRLR P BRGNP 38 orcion

274 of\psHice 208Itn&@Bs t’h@|ba§1@£ép 286 28He pfesburam@icf portion 274 of panel 280 is

similarly restrained by backstop 286. As soon as the overpressure condition has been relieved,

leaves 294 pressing against panel 278 returns panel 278 to substantially its original position,
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el ement 240 is bent away fromthe rectangul ar
perineter of the frame to forman outwardly 20
wa@l2008/021890 backst op 286, either of the sane PCT/US2007/068669
configuration as backstop 186 or similar to backstop
86 Fig. 13 is a cross-sectjonal illustration of vent
ppar at us 230 fO||OMAn% op el ng . of the pressure
P

therebryealﬁ%fretymmg darel 2280 tor awaﬁlqusrfsoraﬁfdhez@%y e ragsls ¥ and 280
tuation thereof by a
mﬂm&%ﬁgﬁ€a8$%$%§g&%%§{%%issure FromFig. 13, it can be
oNser ygrirdtiaB3Q he sksprn mnggseéfn leand a1 2fas 294t statctire 360 that is
anels 278 and 0 to subs 4gl t he LnitEaL . Sy
mouﬂ% s§1t AotPEVpHENabframe A1 @ VRtetiat? digsisngf identical
consttﬁEtl(srh@ndV @ﬂyfa‘[ﬁﬁeﬁﬁtﬂﬁ’é @erﬁ’funft rl@ﬁe;%@ﬁt HRODiHbIS %bﬂfi‘é 508 Rhel 364 is
the pressure resulting froma fire or an explosion.
providiidein| ssmo@sti@Ovidr @ stonlsss net-eudingf stggir pangl ST&ehs illustrated in the

fragmgl?ttf’ﬁ%lf %ﬁzf‘le?’g?%/ ir?g‘gsé'SS‘f 10&6%1%‘3% ? Al Z\ﬁ; EFJE ‘@aﬁaﬁﬁ’&?%@e“ non-spring
steel Iﬁh@l\/ﬂs OHSad bR EST thOa6n- sﬂ'ﬁlﬁg Qedl @fanﬁé‘s@ %aﬂél 378 aN@theZPnless spring
are first caused to bend until the pressure relief

steel poek 3 2801 2L apiarganad0. 2AShest gEGER . PREE AR AAS26interposed
betwe-e[rpﬁlepsrt Fﬂ%ysr Ste li)laheqf oarn 's%nklg SBP g%g%nliéangls%d S‘F1gt }]5 shows the

actuated/ 96$iﬁ@r&5¢ﬂtﬁe C@I’fipl(brtelnﬁ;ﬂnhﬁe& hieethe Idepicevieth Fig eavi@is pgldure relief
pressi ng agai nst panel 278 returns panel 278 to
portiog g4 phspfing pieg! Hafl%l 36 has tsingsde it ol clagngpogtiopasygent aperture

338, W%Qéayﬁ?e%ggsgr(é%@l 10nt3|°7'gv\ﬁ pt)im@éﬁ Qteél%tdﬂélr?h@ 9&3@%9? Op?r§>9m1ty to

i'nitral tion ereby the "panels
the ma’a Bf)sec‘smbﬁébaiﬁbaa]kdt(yp 3:8®Sﬁle\aematedmerttqmr of tRSBEP \PARE, OR PFA sheet

apparatus 330 as shown in 1
382 alge P rosian adach e PF%SS“rﬁﬁ‘?}}fﬁf 88“‘8}%%34 egwﬂ%f%mfgpww it may
lay do%Ql?agﬁl'ﬂgt th& e%@éreﬁefﬁﬁﬂﬁoryw 4 of%ﬁﬁn%?[@& phiel 84 'tlgl@ H£§ fdmed to its
construction and operation to the vent unit 162

nuﬂdew&@pn that a single spring steel panel 364 is

DB O marra 5058 Pl Th s h G PR RS for samitary

applicRGHBIB hes, enfodificri &R Vi ahit 21/62%’17 veht app&ratu 430 ﬁﬁy have metal panels
i nternedi ate stainl ess non-s gga st eel pane
e

as progifiet i gbeom RNt Yt f8n 1 &p 2P gor [The teg I?ﬂné%‘iﬁ"p%fﬁ@m unit 462,
o AP L8, AL 0P ERELROg HEREMEAA a1 et e o

WeakﬂeSs 478 efdpasgaestitshaieneslpréRerestidifpoassm sMeelll pruebadl8making
and st.ainl ess spring steel anel 364. Fig. 15 shows

up the yegt unit #ohayg spadiraligned Iéfsh@rr?é %ﬁﬁ%W@ﬂin@SS n that,

I [

8RRl BFARER ey
describtéraswietin #le suppst frgmp (assiembdm44€ﬁ/ﬁ)lr theevent alpe#dSZU raed tl@38ovision of
an assgtp@tg& a‘%ﬁtﬁ&%ﬂ [fgcsts 4 I rlggslk:eﬁl I[QPE ny E{thﬁ%géve%tt P@e}rﬁlﬁ? AL%‘% osf frame 402

from thE §ﬁﬁ&ﬁld§%{lbtrﬁ5sﬂﬂ@fékﬂ{e%ﬂfe§§ﬁnt 4-5b‘?s fﬁ(ﬁs%ﬁ;s@&' c@RAitidOBs $lown in Fig.
t he FEP, FE, OR PFA sheet 15 382 al so may renain

17. Thd jnmdm 49hélaph1@9@mp@nmelthféfdeﬁn¢8t dpsriug 7B 8ofnap1mélar B78part of a
ess

vessel Ty HERY BER s 5hoGmsh T 57 B e Bl Bien sl e fioition. o
may cb@bHédBdcthRpuldrFranid) bt thalik® @8dptéd1 be mounted on such vessels, structures,

or equipment. In the event member 402 is a separate frame, the vent aperture 438 defined

thereby must be of smaller dimensions than the opening in the area requiring protection in order
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The vent apparatus 430 as depicted in Figs. 16-18 is
particularly adapted for sanitary applications. In
Wa biog/ozusprodi nent, the vent unit 462 of vent apRGCK/E$S2987/068669
430 may have netal panels 20 as provided in any one
of vent units 62, 162, 262, or 362. The top panel 464
of vent unit 462, as shown V% pl an. view in Fig.
that a peydiop of Hiejgaskepmay yadwuhe sychimmerperghe 4P ﬁ@araexse@ﬁa E:‘EQY/H in Figs.
17 and h @€ of weakness 472 and that presents a centra
pressure relief portion 474. Al netal panels making
uﬁhe fiemeestenubly 4@ 6& shppatisg nedtanitalol gmgydntludd theedember 402, if

.| i.nes of megkne%%F The d fferences |g&ient appar at us
providedeS A6 e LB Wi (95 T8I GRS R Bgkangular frame
elemeg§43%es&sr {RRA ik % €% deQ ermE 'ﬂ%n?dép@PZ fests ra@ﬁﬁst%%ﬁ@rr@itﬂe fitfhber 402,

for the vent uni and the provision of
or agagssibe watloda e¢saslt sﬁrmtur@ or peset apepdf aqulga@we:tn vsﬂll@h thia azt:nt apparatus

I sol s.the yent rture 4 f fra f.rom
430 isgopTifar R By RBP AR IR it el LR 442
extends DG (ROPHirhétObf tRSTrHNOWRmeht 4369 OneldargihE vERR@I462 is trapped
402, having an opening that defines aperture 438, may
betwegi 1f1|@g1re In@mgerp%ﬂ& angf frgme glegwal 436G A geries 9f wids 406 are connected to
frame%ern% Eréi% %I}de&é%n ghl]{(;%nﬁ énttuﬁlég& REP tthg %Etseec{:) rtqo%nﬂé%r})f frame element

436. Ne@ml @ulsards MoasEurdy affikevent kit 4@@%@ &atne ab@nfﬁb;umoed
on such vessels, structures, or equipnment. In th

etetit CHesRRER] QF@EOIF 4840k gﬁ@? &%eén@m é% is Bepg axy@mfrom the rectangular
per1m§t,@1951f {tfifle 83 egteétjﬂs Fornl Qﬁﬁﬁ@%r %ﬁrea@d 8&ck§&5§|4| 86'that preferably is

di nensi ons t the opening in the area requiring
of thepxamteeodnﬁgnratmncusdﬂcks\f@ 86,084 EE0 P@FBUSQ@@H%&B%B& a curved
18 thaI a ortlon of asket erlie

o
innermost §eetiop APL AN gBST E1YV se@% Y 8 @Wtﬁﬁgzga&f‘f’l’ 186.
a@ﬁsk’@ 410 heof fe%fﬁ%gﬁ’lﬁls 3{7@!111’ sﬂﬁ)@ geﬁéraﬁy' %’ﬁ’éstpbﬁ‘&ng @(mhe length and

_unit 462 may include the nenb provi ded as
width dapensime Of ﬁhawent apérgure 438, an@ meﬁhm glmvbérm ttmzls camplemental
i n r uIa | e 3 shomn
with @S Gt 95 e iR Raeor G GBI 03 g MBI SR 12 i of
thickn@Bdueh ﬂf’a@a pa@ 18g0pdagét 4108ra d bedhedh MESBE 402 and an adjacent part
structure, or other types o qui pmrent on whi ch the

of verj gyt %@plarcamsesseﬂsdlqr@bywam@dtha ralcEpepetic esel Hcture, or

4
i BeASEIS AN MoF S50 SRR 418 R v
lip poflivd 418rogiziskef 4 NERin mmatcuﬂ@ gealifig tiiggp@ant voet theanddrsdii@e of vent
. nmenber 412 and frane el enent 436. A series of studs
unit 4996 are connected to 10 frame nenber 412 and extend
t he Hgé} tY&Mf \}éﬁﬂ Jnu%% 1§‘{Hénﬁ&§ RS S %&ﬁ&ﬂ &“ve%ﬁu%%z and 162-362
frame e enment Nuts 408 on st B s 406 securely
in thatath preswantelieh p0rt1¢ﬁs24°{ Hofithe pﬁmeém@emsmdnm predet@tmm«scﬂo‘e:rpressure
cut central section 484 o | ement 43 s bent
and thepa (PR 9 (ke THEY: BNt erﬁ@f KrslasF BETRICARS Spahastief of the
overpf3&urt Borddptidn. an outwardl y-directed backstop 486 that
preferably is of the same configuration as backstop _
8&he asn@ippwatws ¥3Bi g5 shewnandiigsh&9-ef olrsellmwgp@mﬂyruﬂeﬂﬂ farganitary

applicg O] AT O SN aP Rl o MY B2 iBGERU0 a8 g, or vent

units IfﬁZC Q?m o %Q qg@rga!;ﬁet stefercgroaaal is}{h@ﬁﬂhﬁlﬁﬁﬂﬁﬁgﬂeﬁ& bd&ween vent
t he | engt an

structure 560 and vent structure 460. For illustrative purposes, frame 502 which, if desired, may

have a rectangular, transversely L-shaped frame element 536, that is similar to frame element

102, shown in Fig. 8. Frame 502 has a flange or leg portion 502a and a leg portion 502b that
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wi dt h di nensi ons of the vent aperture 438, and has a
U-shaped groove 414 that is conplenental wth and
WO 2q08/020389 t he aperture-defining edge of nenbePCHOR2007/068669
The frame nenber 412 is of a thickness such that a
part 418 of gasket 410 trap%ed bet ween nmenber 402 and
an adj acent part 20 of ventunit 462 is conpressed,
defings HBe dgrigis ¥ jaRgr B at38t hd TeRtaBgylyy clastomgric \gagleh|582 rests on the

outertﬁésg aie ggﬁ rrl%r rg Ot2%‘q W ROER ul%)_ﬁf%ﬁé &@&bg{é‘%og?bbﬁﬂoﬂeﬁ against the face

€ surroundi ng at nos
of gaskettS8@dpysedita atged024.i pispobt se@n fbhbFigf 2@thskiat inhdtnoss edge 590a

in contacting sealing,engagepent. with the undersurface
of fragye myetpber A7h;gxte %}nw%@ygﬁgg%ﬁﬁrﬂna?m%mdeaﬁrﬂr%tgaal@z 582 Another

rectan%gﬁpfrhﬁi@hlehﬁ)_el; b i@?@ﬁﬁ&ﬁé@l@g@i“ns‘[\’f@ﬂﬁe MBhb& 998, 388 innermost margin
62-362 25 in that the pressure relief portions 474

of mepfbet he2 pahighed vk thaimder margpr eldesketidd eahdothencfire deesrmmt extend

. nd t hen_ retur to the initial.position hereof to

imvard et oFR T T updivr ebref 5RAS Fe SOBelpReSm® s90. The

comp&Reht R 562RE VMR RIruARRI6AbkEs AAthst S 08P MIe bNfrith®fember 592.
19-2 1, is also especially useful for sanitary

A rectgpgilirdiamaelsmentis Oharinguriiase BepionP3¢ed sdewittuined, pegmeter lip
. id i all 2. . ven I t
porio B4R B L S8 S0 e B ok kUl hBgq e
membef §IEdverlits ifeaene@tibe s el idertlcdichusIa NutdSHb @ntidé&a0 engage
structure 460. For illustrative purposes, franme 502
the oujggiser{ace; qf (g Peberd®P- have a rectangul ar,
tr r . '
LTPURER R 3pESt ATy SLATROL: Aepl oy rantr
perim&oRohasmackhang® 6ao fowag ap ontwacdiy-bil2etcd hatkatopeg 6pbattpraforably is

oF theg @2 R BEYBHOT KD FrS BIBN AT Koot SRR Wit an Ssentally
straig®! Redr QBRI GirHASHKE badlbp R3lag deficleden FRUY Sr MOSt face of
flange 502a. A rectangular frame nmenber 590 is _
poA ractangeldr whalangask¢tiy8s feageed byfthgasdkerosGRetiapydset 396 adjacent
f e, 502a. It s to be seen fromFi.g. 20 that the .
the edg?] ﬁg(?arm%%eog gg%ong%lgd and agra to gngage t‘fgtg(@pg%dgﬁ%esofh vent unit 562,
It can bBY&ndtam PRy 00dhithee bAAREE BRS hnEsmEfuatti@askedls RBidolate the interior
Anot her 5 rectangul ar frame nmenber 592 is positioned

of the peeiptiad spacaermibaBerowdoe afmesnharfer nost margin - of
L T e
162, 2682amhd6l isaie atember configuradisn ios tHehiénes s evaakiidis fif é@epanels. For

menber 590. The caonposite vent_unit 562 of vent
example, a3 shonpingge e tiedinggasakneshe/ ol urpseBos pats! fpand defined

by a sgﬁéﬁb&f S écc)e%l, endyd- &l &3@5"}' Phad fr@ﬁﬁleﬁlc}’ Q?égmeﬁ%%%al?ﬁpggii%the bight

ase portion 536a and a down-turne peri nmeter
sectiop 678 iobhn&36keakasissS 78n Thkeen-adged lBE stgreerto hfgbsi lire ofevdakness 560

. unit,562. A.rectanqgul ar hol ddown fra nmenber 596 . i
are in §pACeq ﬁe@v,tw{l%bép H&@@OEW&%# gisglunge apqa 50 fontacprpsutegglief portions
574 oNA: $uRAGmARIN idenOR pgage  the outer surface of

frane menber 596. A die cut central section 584 of

f Opreatien exfethe V386 apparaihs §3Dantideniiegl fo dm véné apparatus previously

rect ul.ar erinmeter.of fr el ement to f n :
cescr BEE RPNy o BECBESHER ool ETE ChETTRr s P by O Tof et uni
562, the pressure relief portions open through an arc limited by backstop 586. Upon relief of the
high pressure in the protected area, the biased relief portions 574 return to their closed positions
by virtue of the provision of a spring steel component or components making up a part of the

vent unit 562.
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15 of the sanme configuration as backstop 86, as shown
in Fig. 3, or provided with an essentially straight
wW@een21secti on simlar to backstop 386 as depi REBEUSINT/068669
Fig. 15. A rectangul ar tubul ar gasket 598, carried by
the innernmost portion of fr%) 590 adj acent the edge
590a thereof, is conflguredzand arranged to engage the .
op pesEacipakiTernerebrtwegty the sgpodingnt eaﬁeﬂé @peaé@tﬁs ﬁg%rﬁs shown in
: 5 n
Figs. g%a %gfgnahﬁﬁt%%%e%rg‘gér n g?sr%g?e@%gb%ﬁ&te {%ﬂg 1§pr ecte
backstpad® dsraorpiabema forotiadprightdtanissqiseite 1886, haclusive. The tubular

backs%%{jif%%g:lpgg %g}ilﬁl?l W tﬁg‘r igel! Sde\:/se t%g%‘gseglglﬁlato \éeqn;tg)ogehré:l{l%e rs%gmen‘rs

638b fat ﬂe%ﬁt@rycﬁfﬂﬁ 'bQéérs%Efn@ﬁ‘t 6X¥8al BShet bBﬁ&se@fcuﬁ%é%gﬁéﬁi B33c that are
the panels. For exanple, as showh in Fig . the

unitary Wi sogmertaloRs sing ‘zlzrcpwrn sdemenppRtditbstis panal W5614segrmdnts 688c. It

: defin serr of s ce end:to-end .sli 570,

is to by HE‘H‘?T i"b&‘%te thl"&%h SPr%erFte ggg%}:?c?%‘f"fvg % Re"BP e P4, for case

of cork@attid) t15b7s%§ﬁlfenﬂ 63% by M‘@W@éﬁrﬁg ortibR@ tHaDabrdM@hnb@@r at the

seg nent s of |ine of weakness 560 are in spaced
Ceﬂterr(élﬂéﬁb&ﬁﬁ§¢ﬁ%€fﬁﬁ&83€ooper ate to define a hinge area 580

f reI
?rLaI{n gxeelrpg) a%i%tﬁrb i en géba%%;rélg; ggé (51}16 géll%%%% oPEa%?t%% 636 may be of
stainl&p pat b ridBhvity a dantthickhest of bt anin, apathatowsrall width of the

previously described in that when_an overpressure IS

tubulag shell dgingcrtionk 139 é%@ur@hf‘r QI? s3divopt Penatusey af seenyeaky 688b about
6,
g B A R 8 S s £ PRl 3B ARRDpr scamops 685c
about uth@marg Ipomtﬁ%—&iumd B-pig d’meupmﬁtmmt dihe &2 enditstod chnvaisletdof segments
relref rtions 57 rn to their closed positions
688d %139%}% r}SPO‘tnﬁg li)fﬁ?ﬁ)’r gblgﬁnof a spring steel conponent
OB &Y ik SclRKd ROMERIa ﬁ?ep@(ﬁa d?freﬂrgénta‘t’ﬁg fraHidi 6025b§2c0nnectors
WO 200 /021599 PCT/ US20077 068669 20 The pri nci pal
compuiiifg gnénc¥ erverniromdlaspboatnugloin sdgeporppat atuigimit 662 and

shown and th
o pla kel e B e Eh SR AR € R ARaGe3f bt ppeksiop 86
to the fftaRidl B6. ThaekosiORABAt FBBddf beENsBpeIBBMHas b QéridsE opEHihgH¥88e that
backst ops 86, 186- 586 i nclusive. The tubul ar
are aligagdcsitiofesBBEV higtadsd WHe proveBgcadyaecash b apilsaion angiremgud ofnuts
segnents 5 688b that are
636 foﬁ%?@{ﬁ% a\?ﬁ?‘%ﬂ%a &égoqﬁlgzsﬁ P 8a, upper opposed curved
s@garaitanfi8 862 naabe ametruutedts@;marm ly eegTBRASUMHSSR, 162, 262, or

and .a crown segnent 688d that is unitary with_segnents

362. @pgyyng gnd rerleﬂ%%\éenh%é@@tlé&tr SERSES aretor%@aﬁn phige Bﬁ@event units.
An ad%%gggééﬁ t?% ﬁ{ﬁluloa?] b§aﬁié&ﬂs6§§ rlrgﬁftapﬂ (§V1&’ég% c%gﬁ{i@m%lsf gfeglssgrrface for
11m1t1qrg)trhb ioperEng hateratnitof pressuan oetlieépombns 6\@3 ofdthavart unfts 6dikand serves

ase. se nt.. 688a. an exe Iary enbodi ne of .
to mOBIRGEY BaECUE s hdine TaEas G BLL L St ae i)t Papssure relict
port10§§ BF ML St %&rﬁ@thre@%erhb@ rehé‘f"bcﬁﬁoﬁ‘s ¥ atd ek NB&$n @ their initial

about 2 mMm wt he overall wi dth of the tubular
positigise ElaSbedfrfgr%mtof th@ Gprirg Steﬁh eerOmenbdangds gtateuw Watubnker backstop

686 thg.lfl R PHE r1g backs?ops as, *%OI‘ cxample, shown in Figs. 10, 13, 15, and 21, thus increasing

%n of a tubular

limitation and absorption of the kinetic energy of movement of the pressure relief portions of the
vent structure. Other advantages of the tubular backstop 686 is that one size may be used for
more than one vent unit, and the tubular backstop occupies less available space than an upright

backstop.
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I magi nary points A-1 and A-2 is about 50 mrm The OD
radi us of curvature of segnents 688c about i naginary
wW@Eisnss® 1 and B-2 is about 105 mm The OD r aREUBES2907/068669

curvature of segnents 15 688d about inmaginary point C

I's about 70 mm Backstop 686 is secured to the flange

602a of representative frane 602 by connectors

cohp PR SHycd tBisonysnEpR ate sacT4lomsell myeclgpply large sizes, for

t f 2 I

e B A P B0 Rt Atk 1300 LA 20 B f SR varios
embodihenldat@ibed 4n(hlh]ﬂistbzaed(h;etra|n nwﬁabﬂaatddhe opereatrdif&Bént ovérpressures.

Crown nment. 688d backst op 686 has a series of. .
For cxggalr. fgan BB e Bk Bbhihecs Al ghemagrak %ﬁ?@éﬁf {#brication of the
compStedBD rARQ oo OMinHei EBRAY uR&FRS Srol Rlond? @J:drﬁl%tde%ﬂs &Rflng of the

renoval of nuts 656 for securing and renoving t
nwuﬂbamﬂsmn@vﬁsﬁgtmhbngémﬁﬂunﬂmsﬂbﬁzﬂnmyhbéndon@uﬂd@sédﬁnmgalme

or wedfgfhe &b aE AR ol a¥its B SRt hiedn Ao g overpressure
S@MPcBRt bR@IPSTRE hREsusd reliBep&ibe 74 YERmikdEd Sompddit 62.
]equnadvantaéé@%¥ thé tgbuﬁarrgapﬁsgop 686 |§ thatlng © mts

p Stopi rdetsonzstuchen dlioneia oy oliyyvied osihoflmeents efrthepresdnginyvierfgpn have
demo%%?r% eﬁgﬁa\[}le n%l %Y%&é&e‘%@m rreﬁise% 51%0{1 %lf a %gnt%%{ttdu? ﬂg n$e§3r§ng under a
predet@dirained buveiprédaere bedidii tivgn, fsﬁ)blﬁ,‘ eas @@Bﬂateﬁdby ant pldeidig emay undergo

areas of the pressure relief portjons of the ven
signifigant (H3tQHiog and VR AU 4 BOVIIErYIVEHES BsAragsRias ﬁéfﬁult of the high

t I
prossf A ABARLL ot oPEERE AR SHBRN, fnexpectedly retuns to
substagtieldy ey orvditidl ptanbulrdistdracliceh Hgurat@tintghmerali yhedosipg refghtonship to the

backstops as, for exanple, shown in Figs. 10, 13, 15,
vent apefurs) "t hus i ncreasing 30 limitati on and absorption

OfThE k%ngr'aﬂ tdifeuBh e\Fer aﬁfmr%g efiRN tas Odholwie 1rp 'F?g%s BuL6, includes a

relie por i ons of vent structure.
transvarsekyit-slgesd @linud%hr@oumlmgl ragmbradke adpteBe hesnmthmd @nide structure of

i d f ) th t it d.th
an arcf i B BNGEREL A3 B s blgs PR T phORhed ARrEr sty Gt Fromber
702 MBT h@hinnuhachsigep or W 2098602589 RGH USAROZA 0GBH6RIy-dirccted,

21 The vent structures of this invention are
Clrcunéfﬂi%l@ﬁléy Pyelﬂ}bég wgengrglly @ﬂfaﬂﬁlf\gélwrtl%r ’é(b?as ihedeg peytion 702b of vent

oorar GRSl RO 0 200, AT e OO R0 50 s
conditiidr, s ili ginescht éthe drcﬂhyvérahpemate adtheatrogere. at  di ffer ent

over pressures. exanpl e, changln t he t% pe and
t Ahg waasesmsmb%@%ﬁf SH P V61 TS 9P el oA Py planar,

annulcjtr%m:é SARE ﬁ@@%r%v ed (&Wﬁ a%@ﬁ‘&cb?f%ﬁa%eii Qé@rﬁ?és@?t% Yﬁf}éceﬁnh%{%steners
2, provision scoring versus slittin
such ap hnlesl for seandngy By nlgmtatnte7()l6e@glblﬂange pzdmorsVOQta&f a®p11ng erxcmber 702.
|ndJV|du sI defjnin i ne
A backga f D Bhes Wty R arfulol R eleBien gy, shEEtyRtaudim the planc of
elemeﬁfj’y RCR2h affle b$ aﬁﬁ@mﬁia&e@yr 90 itk Y@s‘b@@t@§ elkehnt T(”A lBaEEQOﬂ 910 is of
ef fect opening of the pressure relief portion 7
similajr amnstmc@dn tohpdsiapedaim that @2hasst o@ltlrabtsqecm@ns%ladwfe@n@lfally planar

coni? Rl SRRy BB GRS a8 7 LOEBERRETA A i orbraces
718 n{hryﬁﬁ\sptbﬁldé@' iif gbsiR@l bét@Re® frameV@éthedM0b MdIth® Go@RERI R face of
curvecliJ ggglron 714 of backstop 710. The principal difference between backstop 710 and
backstop 86, for example, is that backstop 710 is of generally circular overall configuration,

whereas backstop 86 is substantially rectangular in shape, as best illustrated in Fig. 1.
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predet erm ned overpressure condition, such as

generated by an expl osion, may undergo significant
walz@soishon and even assune a novi ng wavel i ke PCT/US2007/068669

appearance as a result of the high pressure front

t her eagai nst, upon relief of the pressure condition,

unexpectedly returns to s tantiau@%ﬁlts origi na

pAgvislan Ment &0 LR i 1BISHIOSFLRAY PeaThe annyias diagieicjenagng dpGgnd flange
. i i 1
por‘uog?p‘%’ﬁJ +f;€§ﬁ€lé1%tﬁl8nf>é}eio2 %egﬁ@flt BBty Jcﬁll‘?__(liegg@ﬁ%ﬁ%%é;’)nng steel

app arat us as snown-’in
panel 72Zhavilesa ried asf&md\te-reﬁéhlyts 24 tefpretieky agemiatadlly (Gshapéd hige of weakness

menber 702 pted to nted qn the structure
726 pregsenting @ C@Btrf@ée aneﬁ%f G oRRO% pITBYR % P%B‘ﬁ%%?g‘{%md 726b

of linEYEL PRSI UNE a?é’ﬁﬁ&ed ORIk Ao felsenti %%h&@%t@@en a unitary hinge
annul ar flange or leg portion 702b unitary wth an

arca 738 ohpamtl V28 Aettries of ofengigscidnfie tlenpérahdtyr efxrapaldiZggre located to

aign FGBE G e Sy RSP B e 8ot cd o be.af f i xed

t @idchiRr SeAUEAIHTS0 MHAG W §dcbid BHPiE @‘Jeélo?arfe[ G832 T the same diameter,
overpressure condition, in alignment with a circul ar

conﬁgldéattonaa@érqoast@lqtlﬁntaﬁ eagelr 178¢ uhecordinglyf paned 732 heer crgalar line of
7
WeaknpeFSa ??aa{ (’?elfqngé] R%?gérnes R Qﬁdﬁ uéc’nd 9? ’};85 réjs%gf?n%a %%Qr%[ %hefyportlon 735.

The sppeéd 8midhl $dagdth Aadas tﬂu 6ﬂ&1e7cﬁ&eﬁMes§ Bedefind g uhAst @ige arca 738
25 such as bolts for securl % rane elenent 706 to the

of pang] Zidgd s biner awa%?zgaanéf 38 gt bRt cenonpgagdangpof lines
ofweZk:hgsst tands73;4 r om tah'g"l&rwﬁﬂ%ﬂ% Qﬁotflérame el ement 706,

ext ends away ane o ement 706 at an
aAgﬂehltwélyakmprcmulnat@Iey sl&@t 744, prefereblyed tt BP0 oed | emmettvely PTFE, or

PFA, fdtiegoap B ben sk 722 e 20 & Sl L raRcty gty thin suip

742 ogﬁﬁﬁrrﬂfﬁﬁy P PRAGK prdOabi H{egidswbé{%&@wve%ﬁéat wpﬁﬁﬁﬂe adjacent
curved séctions 714 an respectively. A pair of

face 0510@@13%223 (Stfm 842m>¢0bfégtp¢fbm@é@tegldallm bsited d) bhatanedwith and cover

he sl PRI RaE AT Rtk 201 W ORE0 o7ty ad gfiel g 742 ar spaced

a dist#ick fagP@&ﬁﬁatB@te\qaarto biRC kel Bf HihQe aﬁd 72R Ak 8c0PigBEd witllthe latter.
Is that backstop 710 I's enerally circul ar

A secmﬂe‘ggpqanté@h/f(ﬂ-gm;@ﬂi shtivelyieinsge tdh PGE} ar PFA is interposed
betwegliljf? éﬁaeteg%jiOYaﬁlﬁﬁ‘lf a%ifh%gﬁl% fg 8%15133?%75 Q%tﬁp gﬁﬁ fs configured to cover the

slits 7R437 1%:&%&1%8@% T2 oppcscd endsaid4y aid 744bidf sifipd 44 are aligned with
i nt erposed between the annul ar frane el enent 706 and

hinge pfeg{ge ang shacG p distige aPregRisly gIuse HobE wrdh olhEge afRsi 138.
39 a%ﬁ[s@c%nétﬁ%{lwgﬁh@ cﬁ%ﬁéﬂgﬁ@%}pﬁ&&ﬁsnﬂ)Osc&eeﬁ%ferably the same

pane having a series o end sli
as magtehlis of crglsarugmmeif arblht)app}lmtmaﬁ@dAmmémgfy the apmiessgeel paels are of the

resentin centr i ef porti he oppose
same GERERS ARG etbrE G Bira 1B e Rpcrb el s g PBR & pancls of

apparéliﬁ@i@ &391i144P, (R BRI PaFEdof F@U@tﬁﬁ@a@%?&%heet B &?&ﬂﬁr 'V@Iﬂ apparatus
t herebetween a unitary hinge area of panel R

700 lswcﬁe@blmf tb@@qmm@g:kn% ang maeriap s ﬂw@ﬁé’s PEFEp@ﬂEA mequlvalent
compdld zgcatﬁ@ % Li ”“%%FQH&?SBSCtiVe apertures 708 in
PW}gﬁb SEHRS “?@é FetiPBP0ERT uni t 720 has a second
S PllihB@gtSthe PrefBaetBdmicimeiht dfventSappBradisanmeti€provided with two spring
steel panels, such as panels 722 and 732, with intervening polyfluorinated layers of material

therebetween as described, it is to be understood that the vent unit 720 may be of laminated
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configuration and construction as panel 722.

Accordi ngly, panel 732 has a circular line of 10
waewknzse 734 defined by a series of end-to-enRCBUS1087/068669

736 presenting a central relief portion 735. The

spaced term nal ends 734a d 734b of |ine of weakness

734 define_a unltary hi nge @rea 738 of panel 732. The

constiyfigyeasalesgibed ygtinisapers® dyonep! theenbhadimeinet HupEtedEnFies. 4
e 7 and 734 and are
5’Zgﬁ??gﬁgg4ﬁ??ﬁh%%gég%%§ap&% lhﬁﬁéﬁﬁéﬁg thin circul ar
c ¥t appheats 700G sopopetacsinlaymainckERilapto edrtt eppastuy 80 Yo relieve a

PTFE, or 15 PFA,_ is interposed hetween panels 722

high oygeprespure spafiiR- Bhey aEO¥pRIFSHIC PRICS M Ff Hr(gffc.tqdﬁﬂy ciroular

vent aéﬁa?raﬁhfs 766 hat F@ﬁﬁﬁm&{t 16 ErIp? (R @b BEARLY of ﬂin%fs%?%ﬁd 732 between
etween cover sheet 740 and the adj acent” face of

adjacqnaplets 722 2nd B 6 ieppeetizely sthe prsswarde ! podioss 72 eyl ¢l dfypanels 722

cated to be ali the sli 0
and 7RSS b Domaatestiosid e B3 heratersiud i gy arca. 1
is to bbb Vddrrotd 2iAns tisR eHeGthe of withiSdcBOTR, MRRANEIR @bskly adJ acent the
equal to the width of hinge area 728 and are aligne
interngyj ar¢pagchmangi eldramomembeitidn dosass thmiteaof yegknsky %?édn panel 722

and 7%4?]1 g%fbe\g ?g% artetlllhtgnés(f gub%ta%ﬁéllf %llﬁgggqﬁiiﬁfou&h e VFélr:l‘[A‘uﬂltS 720 is obtained

for mdxa@8mhrespaietlicf 3Phe lﬁtckstpp 743 witicteio B gagud Bﬂth&: @dj@@@fﬁ Eehef portion
the slits 734 of |line of weakness 736. The opposed

727 oleipras! TRag R do pAstor Cistpssert hingearesi/gh epd 4% i pancls 722 and

752 A RS SR L RO AR et

Accordongbit, npat iebaf Otffthetlhgh ovarprabsare coadttloaplpéie@mlscté’d)ﬁearthae panels 722

ef er abl ane.. 25 als of construct

and 7% rejto &ﬁ%@&t@go%@"n%&l %?%Hai‘éj S“tght © ¥phtiaR ‘érFé%F € protected

are strR&R, & AhenRE sihiifr tostﬁﬁ%lew?ib@&%ﬁ%s%@& té t%téfdsﬁl%to?%efprr&gﬂlre relief
the Same type of netals as the spring steel panels of

areas gipselraguie 30! aparatisadl.y, the FEP, PTFE, or PFA strips
and cover sheet of circular vent apparatus 700 is
preferably of the sane thickness and material as the
FEP, PTFE, or PFA and equival ent conponents as
descri bed with respect to apparatus 30. 30 Although
the preferred enbodi nent of vent apparatus 700 is
provided with two spring steel panels, such as panels
722 and 732, with intervening polyfluorinated | ayers
of material therebetween as described, it is to be
understood that the vent unit 720 may be of | am nated
WO 2008/ 021599 PCT/ US2007/ 068669 23 construction as
described with respect to any one of the enbodi nents
as illustrated in Figs. 4, 5, 7, 9, 12, and 14, and
that are described in detail hereinabove. Vent
apparatus 700 al so operates in a manner simlar to
vent apparatus 30 to relieve a high overpressure
condi tion. When an overpressure arises within an area
protected by circular 5 vent apparatus 700 that is
sufficient to disrupt the tab portions of panels 722
and 732 between adjacent slits 724 and 736
respectively, the pressure relief portions 727 and 735
of panels 722 and 732 respectively, open immedi ately
to relief the high overpressure in the protected area.
It
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is to be observed fromFig. 25 that the |ine of
weakness 726 in panel 722 is closely adjacent the
WO p0g021AP9 ar cuate margi n of frame nenber 704. IBeTHSZIO7/068669
the lines of weakness 726 in panel 722 10 and 734 in
panel 732 are aligned, substantially full venting
t hrough the vent unit 720 i obtained for maxi mum
We Claimssure relief. The backstop 710, which is engaged by

Lo prevent SoarupFauBT el o hRe IRt (AP A Shgrure for

relief pharederpi2@uanabndifidd, tadd eent eppaentiis tdrapridile yi el d poi nt

and tensile strength of the spri st eel terial is :
eXedSHugture W&E’SF’& ah‘gfr“g? ,u_nUi ﬁg‘i"Pt&LFqnlg? PRSFIGR Oﬁ?rg‘h‘e vent aperture in
OVEr Pr G§siH1 E1osHB gél&ti&l@hib@hér&@, sﬁf&&ﬁ%%e@ﬂgﬁﬁoviﬁ%ith amovable
panels 722 15 and 732 return to their initia

posi ti presswebdicApertiah lhyviop es imgaltdhesed pnsitiapacrpssrthe vent aperture
t he protfcteq) are structgre tin.a manngr ﬁhnil?r %9 h
that dBCPREEC i FHORFBOPUELT PYending Behiogsing ent aperture when a
pr essupgde@ih®td o%tg?e%s&fe i @fet RAGHEREPACE N %@ﬂi@aragﬁiﬂé?t the relief
30. WO 2008/021599 PCT/ US2007/ 068669 24 Cam 1.

Vent appaioatodgefwnt wribtheeughibe went epgriuiedndpace havi ng

a per.t . fO | jef. of ver e

AT AR BBl AL BATRERRYfyros movement o
st ruct tegréssgieuglicfigoion eNthe senttunAdaghgebenthgBereof to an extent that
positioned over the vent aperture in 5 normal. closing

rel at i SisdRedilericdasticitisefi the Brovpkle pressuiershig! pergon iaipt exceeded,
with a I S ' (Y 1qY| .

i 11 ar o gk on BEFEURHIEN Shepf bl s RheBP energy in the
novabl enovablapraspen rgdes poition ag xteapaics gheahwalstdbp;om t he

ven rture n a redet er mi ned erpressure in..
! it e Sf e dBe i Bpghite FoatanufEHE Rt hitionce and
por ti oga@cifyE ¥ RBIndiRIibr SMiOM @ hipe r¥RINts GHRAPbYESN to its initial
and 10 a backstop disposed in a selected position to
be engagedohypanglitioldhe exrpmssuenesntlitioh. t he pressure
relief portion of the ven nit during opening.thereof
to an &t ent it Kat Pt tetls T MerleREry M ik Sing siel
panel,/¥aGaR]i€f RIHRSBbYIRe 41Qbdseh pP@bE ihepahd. NOt exceeded, said
backst op bei ng operable to absorb and dissipate )
ki neti é enel§y vent apmaratysorfahtien prekeseinsaidepangk ispdrstgiglass steel
S ﬁmﬁﬁﬁht engages the backstop; 15 said relief portion of
P e vent apparatus having a sufficient nodul us of
resiliénce aneveralappirhitis by clain Canb&cinhie didlctadice pafvict®the yield
. toreturn fromits open position to its initia
point guktensilgstigpegh of dicinspelgs ne morehep gpedsdlire condition. 2.
The vest apRft A SpRikathd AlcBirh2 | B fidlabote A tlife strength
has a gbring é?%eﬁmgb%ﬁi F éaidwggﬁﬁéﬁe%gﬂ'Pon%%ggﬁgesrm@
of thepndl @asat leaspatrout $200 Nenpaarel aboB01450 Ninen'y esspeajpphr at us
o e akm 2. HOSLE Sk PAEh 1f Sn8irSleRl REPSorRbE Y detined by
a line of weakness in the vent unit.

7. The vent apparatus of claim 6, wherein said line of weakness is defined
by a series of spaced, end-to-end slits in the vent unit.

8. The vent apparatus of claim 6, wherein said line of weakness is of
generally U-shaped configuration having a pair of opposed leg segments and a bight segment
therebetween, the end extremities of the leg segments remote from said bight segment defining

a hinge area for the relief portion of the vent unit.
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4. The vent apparatus of claim2, wherein the
di fference between the yield point and tensile
waewenzsy of the panel is no nore than about 3BOH/US2007/068669
The vent apparatus of claim 2, wherein the yield point
and tensile strength 25 of_ the panel are at |east
about 1200 N/nm2 and about 2450 N nmm®2, respective
6. Thedvent THppaHAPRAEAES OLglainyG, Phepgie paisl ﬁe@étractw@wf gff generally
c1rculz%ﬁbiro%ﬂ.'1gﬁ}.aﬁ% g&g glﬁ?igg BV Vav?ag{tnhéssqg? %Bﬁff&lﬂif%%ﬁ% 1) geeargfﬁétween the
opmmbdmﬁmaﬁsmddkm&@sdhﬁedéWeMeﬁw by a series of spaced
end- t o- |ts inthe v 30 8. The vent :
appar atlﬁ s off e VSHAPBAraiN éfa.lm?aw&elie% Rspvigebk st of ynthetic
resin f3hteri 91906 Bhd Yagkin3NAL6ch: 6RATH (Qé’srllfi’é ﬂefh@mﬁﬁﬂﬂ %af P& ih R vent unit.
opposed | eg segnents and a bi ght™ segnent
t her ebéiweeithe vhe appdragxstafetdimi Hy vdfere baad Ispafhetegresimt material is
a 'ngptﬁ froms |d bi ght segnent defining a hinge area
uonpaly® ¢ e?%@“@¥eﬁ%rt|on of the vent unit. WO

2008/ 021599 TREVMIBERRA1,D6B858 1, 4ehefbin JH@ viR Bhit includes a plurality
apparatus of claim®6, wherein said vent structure is
of sup@ﬂm@@ﬁtrélroamppnerm sabhsaid ermpReniatbeing a sprag sleel napglerefided with
a lme}'\ﬁ &Sh%sé 3 dt% Q%Q%dprggs%§ e%:tl E%O%g)h\] 0P e%af‘ u?l t \Qﬁﬁﬂer of said
posed ends

of

compd&nts'ﬁeﬁlg\aeﬂétalahém hatitga tific of V%akhgss atl‘lh@t gerreralls/ aﬂlgﬁ&d weldthe line
a sheet of synthetic 5 resin material positjioned
of weglggssig fhetﬂﬁ‘éelv@ﬁldlftf?ﬁ?licelbﬁw@e@ theneeld apiat mﬁirfgmﬁﬂﬁ strenggiyplthe metal

sheet Ee}ﬂéé %Jbi%,rlﬁ%ﬁre%f@ﬁ& tHA the dif encg%@tv&ye%ﬂ'i F)@{r&‘ SndPnsile strength

e sa| synthetic resin
ofﬂwﬁpﬁmgMnaqmmﬂethylene propyl ene. 12. The vent appar at us

of clai erein said v un ncl ude
ol urarity ' SR ShchranbS el Lo onmenbaeinia piheb gpdthe sheet are
prov1dé%'mﬂ{‘e?sréh§s &%bﬁ&daerﬁlp&)léﬂg sBis @.@ﬁmﬁ@%ﬁed@ﬂ’v@ﬁhw v&V@af(ﬁbss and said
l'ine of weakness defining said pressure relief
vent updi nmqlws ofshechel yaHictigrdsin matnotlveerlphg gad dosiogrprod elifs & the panel
dtbehqg a netal sheet having a |line of weakness at | east
an lﬁé g ally aligned with the line of weakness in the

panel, 14he dhé fv@{t Pﬁzﬁaﬂﬂ@bﬂ@lﬁﬁh I hevheréh & pelidtd apshir of said metal
tensile stren the netal sheet bei ng

sheet%ﬁxgalmes af Wya %Ga&l@flemt dhiogwel o arerigdese thesering igel pancl.
yiel d 2™ gﬁ@%ﬁt%@%ﬁ%‘[ﬁs 81‘5182& Wh ?efm %A?&w?@%hﬂ%&&c%@hplurahty

panel . apparatus o

of su@ﬁh@)omhmbtaﬁﬁdnpdﬁ&n&heﬁdi ofikfid cpmpundhedeash thing S@iringssteel panel
of spaced, end-to-end slits, defining respective |ines

providse wilaiehess! [P saFAknevesRling ity 4 fics cﬂés%paceéh gad-iqFnd slits in
respec%ﬁ)(r@ %)gﬁaeltlén Qe%l gﬁ% gl r;[g?&ﬁﬁ%(glenﬁ\és% ezg{bglﬁ%ﬁn %%’dggesﬁﬁje thliefportion
of the apramnét arsl adfeasticab shebPof syhtheas resinsmgeoaliigtegposediaitweanfsaid panels
in c10s1r611g gelatmnalnp to the slits in opposed components.

16.  The vent apparatus of claim 1, wherein said backstop has an outwardly
directed, generally planar section, and a transversely curved section adjacent the vent unit.

17.  Theventapparatus of claim 16, wherein the transverse width of the curved

section of the backstop is substantially less than the length of the planar section of the backstop

in a direction away from the panel.
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20 sheets having |lines of weakness therein and | ocated

on opposite sides of the spring steel panel. 15. The
woznes/ozyspar at us of claim 1, wherein said vent REIN/US2007/068669

includes a plurality of superinposed netal conponents,

two of said conponents eacg2 elng a spring steel pane

prOV|ded with aligned |ines*of weakness defi ned
series!df spaesent a@%atﬂiéoﬁ%lln%Wt"éleF%n S%lé&%&ﬁtqf\ﬂée backstop is at

least a%g?t?a{nsfggea% gg ﬁlg%ﬂrggtz gt ‘Eri’lg tprge Q@Bg%ﬁ?%%%&%%@%{t&hhﬂ&f é’verpressure 1s
appliedmgainstahelrealbf p@asn obthe pahedet of synthetic resin
naterl posed between said panels . . in closing
el atio s hi Eﬁ? Sert PR S AT b@d@%ﬂ& & SFEgetuRgnd the vent
unit tﬁ@i‘@of‘/ﬁ@tof ?&E&‘ﬁlﬂl Siseu®fr c%hﬁgl'ﬂqa n, Vﬁﬁr%nﬁ uRRIndy AL E& PRy circular
has an ou directed, generally planar seétion,
pressua@itbliafl portins\vibe ba;ikywp beingo gecralbreizd]aa slepe subsaniiey conforming

o melPifgblon R0y R Bl o BT, e e "

backst 0p, i s ThyRskt@PphlUsOIlcIH t)aetde sdig@RehtstuRbtukdBicludes a
pl anar section of the backstop in a direction awa

framefreypbar néarp@shtﬂ be MeItEeegim mglgenpmvhw@Mm/ap@g%gsalcé@ansversely
curveﬁ}§ect1§ﬂ%fﬁl% Psb(g)aie%ﬁ &mPaf & tﬁ'tane QIPe ii}%gﬂat%% QSSSL gat as

the | ength Thethe aplﬁﬂﬁhs bift&ﬁmﬂn eeraMiedid fent unit includes a plurality
predeterm ned overpressure is pgﬁéed agai nst_the
of supegpipefedROntRoBANIGfoneId spislfompoRgnts priag deRtng piselingls aleast two
other Eé)rﬁiagﬁe%@ bMERRED s e%'tsd séﬁﬂg{a gt a[nldcsthg t§ b % r#rg%dgf With Pseries of
ereof- are o géner Py C|rcu ar contiguration,
spaceda¢rdi-twemid slits tef@ug nligngeheesadl wedinesulmrthe pamek and enctal sheets
reljef .po gtlon t he backsto €EIn of ?nerall h  th
respeeVe FYH S ﬁéﬁ@Pg%‘éﬂtl% ¢iups ;ga ' % ppigiopy(g the vent unit, the
differGRE fb'e%eﬁttﬂl@%eﬂflpdlﬁleanﬁrt&%ﬁk’ kert@h bﬁfhegﬁa&u s@l@et@fbeﬁlg Qubstantially
vent unit he vent apparatus of claim 16, wherein
greates tiad tlwhffemwhﬂtwc@ thergie ntamdfcernaﬂ@stmngﬁecrf theigpingdteel panel,
t e tloned in a per.ture, .
and a 3fech S REb o By Mo B TRTRR Bkt RO Pl anf BER i shects in
closm@eéla@oﬂsﬁipttarst\Mltshntﬂteepafnem saRInfen! shddts. The vent
apparatus of claim11, wherein said vent unit includes
a plurdtityT h@fverst@pmrﬁm 85 elding dnyskereitseld wabuwf inghidgs at least a
: tg ri
pair of BRBBEN BiRELEY rnIE o SR fpnBR M ing Aot GHTpAME end-to-end
slits dsfivéieg s liheoNgeahhens] e tinyd dftveaksss itthe plinel Sipagedigned to deﬁne said
end-to-end slits defijning allgned lines of weakness
pressyrg eeligbprationl heryend unis r?@é@@alis ?@&}@@&fﬁfwwew being l@ﬁﬁf‘fi@etween

the Spflﬁggt%él VRl c&%ﬁh@'reg&% hlg tQE&Eé&fv@ a8l | he o eF%I on of

t unit nce bpetween t pOI nt
and t efsi | eTht verigpparatfus bhelamef avhaheehsl yeei mgt includes at least a

ubst ant,i al | reater than th ference between t )
pair o) g o s GG T Rs] A 85 P Y BRBLphes, said

motal RRE&! and s%[tﬂstﬁnl%@@&%el?fan@l%&ﬁ%td SorfeSBF GhaldBd, %ﬁﬂ% end slits defining
posi tioned agai nst the panel ‘and said netal sheets in

respeative sinerpivedakingsersati [mes ol wedkaesslin the metak sheetpambdtainlegs steel panel

being %ﬁ!gn(jedr‘ggaéafllnesfﬁee I%to%lble pressure relief portion of the vent unit, and a synthetic resin
sheet positioned in disposition closing the slits in said metal and said stainless steel panel, the
difference between the yield point and tensile strength of each of the metal sheets being
substantially greater than the difference between the yield point and the tensile strength of the

stainless steel panel.
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20 22. The vent apparatus of claim2, wherein said
vent unit includes at least a pair of juxtaposed
WG R0BM2L5%1 eel panel s, each of said panel s haviPEQI/ES2007/068669

series of spaced, end-to-end slits defining a line of

weakness, the |ines of meaégpss in the panel s being

aligned to define said ressure relief portion of th

vent uhft, 32he Vﬁnfpamar%vs 8§ stamat LcWh%@mnsaé,% @é@lsstcu)ewn@f tubular
conih BFR S HESNREI e L O BB ARAEL B B GEURRYBa t imi
moverhbet of elnd rehp:hmt’ad)msf the Veﬂltamlm t@ saidieleeet opai ghsitmmt  uni t

i ncl ud east a alr f tap sed ne eets,
and & 2oal nilbe & cu %@a el Cla@é)é phghen rd tcwafeﬁéﬁgvlent of the
tubula? @Q&tsﬁvp Rk duriial oﬁgleﬁfrﬁc@ﬁgrtl%ﬁ lod él%taék @ﬁﬁﬁt%resid}@dent the relief

panel having a series of spaced t o- end
portiodeffith¢ aginlesssprst panad thimas adgaceweamwdg@ar slamdsurfaqeg)oafon of the
tub IM§ ﬁﬁgss in the netal sheets and stainless steel pane
WO PG &t i gned to define the novabl e pressure relief

portioneof trhe veeNippaRitls oRBIEim 23?/ RihRRAR Gaifl @8bWladPackstop is of

sheet positioned in disposition closing the slits in
generally ayahshegp tangyessalydhereel nl ess steel panel, the

di ffergnce ' [ e I

strengfh of qgga\é\%ﬁt ?Igﬁaetﬂhé#% a%%hﬂlé t\%ﬂ]e%eltn &?&l tfbular backstop has
openisgshibit@iit p@vldingheateto ¢dhasctbRefot hfffxefie tlfeebdaﬁitw@em ptddetermined

yi.eld point and the tensjle strength of the stainless

disposfieneMith aeeect Ve oGS JLEPOPETY Pringstrsbrnch7 24,

The vent apparatus of claim1l, wherein said backstop

is of tubular configuration having a curved segnent

presenting a curvilinear outer surface positioned to

l[imt novenent of the relief portion of the vent unit

to said selected open position. 25. The vent apparatus

of claim 24, wherein said curved segnent of the 5

tubul ar backstop has a curvilinear outer surface

portion of greater curvature adjacent the relief

portion of the stainless steel panel than an adjacent

curvilinear outer surface portion of the tubular

backstop. 26. The vent apparatus of claim24, wherein

sai d tubul ar backstop is of generally oval shape

transversely thereof. 10 27. The vent apparatus of

clai m 24, wherein said tubul ar backstop has openings

therein providing access to connectors for affixing

the backstop in predeterm ned disposition with

respect to the pressure relief portion of the spring

steel panel. WD 2008/ 021599 PCT/ US2007/ 068669 28 28.

Vent apparatus for protecting a confined space having

a vent aperture for relief of an overpressure

condition, said vent apparatus conprising: a franme

assenbl y;
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vent structure nounted on the frane assenbly and

adapted to be positioned over the vent 5 aperture in
wo00saL15¢e4 osi ng rel ati onship thereto, said strRCEUSMW07/068669

including a vent unit provided with a novabl e

pressure relief portion havjng an initial position

ext endi_.ng across the vent erture;. and said frane

assenmbBy i ndicoapRaratispaiareesing meanigpd srase ppvipg fvent aperture for

lief SEME ﬁ% | &on@PiohOsa? ‘%Q?;]%Q @%‘iﬂn .0 arrest
rete ﬁové%& eggﬁ%%%ﬁp¥%égﬁfgm}e e%g%g¥? on %f the vent
uniftamelk@sethtlily;ng openi ng thereof to an extent that the

nodul us of el astjci of the vahl e pressure relief
pEFRLSBRCHES W%@@éé%%ﬁ}w %ﬁé?@g@é‘eﬁ g&@ﬁed&eﬁﬁ&%@w&mf the vent
to absgpdr@fthdhds LR&LE rkhfiGishh BBRIH ¥aili Rt OGrd R¥RRBLE a vent
pressure relief portion as it engages the backstop,

sai d bauik propdadrnwvith fumaviable firesshmgdichef rrtiorahsveg seimytial position
curved sect.i on thﬁt nqrgqilint% and becones a part of

the fr&HE" E%éﬂﬁﬁVﬁelglg'f Fet%f portion of the vent
apharainuwsalabandudiakfa sdceabp MAAWidosed il 8Sblebt8d$Bsition to be
and elasticity to cause the relief portion to return _
to itscigiiged by agsiarresmdvientent efshopressurgishelnostonugidhe vent unit
relief of the ov [ [.tion i j Qg |

pace, 30t RaMETREGASH ERBH PRI EH Py b R movabie
sai d f paRmrasdenpbyiontiffotvaotedes t aurbdekeopDuing@@crable to absorb
thereon, the vent unit, and the backstop unit are all

of gendhrhfisyiPaieingHgaraey imibe BwnRblg Rressyre FelicBportipRas it engages
vent ap‘f%atfa@lﬁé’ﬂ% QhidHafldR it Mtﬁ&ei'n@lugﬂflg% {dri@0&sely curved section
assenbly, the vVent structure nounte hereon, the

vent urthat mesged intha@ndbedontesp partiolf tler fearad hssahblyener al |y
circular. configuration. 31. The vent.apparatus of ..

cFaf A8 ,pOW?é‘r(EC?[He VeI GPBYF Y UG aﬁ@%fw?f@ MUl gositigpce and
gasket cLORifyAY LR RS pdrfitn RELIIEBISHs Ritial PEsiN&DMrom its open
unit when the latter is in normal closing

rel ati poghopupan rehel afding oegppressureecongtion Ve sid gpplaredtspsce.

of cl aj 31, ,wherein said sk i of trapsversel U-
Shaped2ont Thte St ApRari i ARIN 28, MigGin yaif BRE aPimbyy she vent

structSid pRQnicdBEHREH, (RS $&1 uait&thdwhé Badki®pfuhanke alnssbiayly rd¥ngular
2008/ 021599 PCT/ US2007/ 068669 29 ES. Vent appar at us

configugHiopr ot ecti ng a confined space having a vent aperture

for rehiel Ml a%é%ra@lé ot 2%0%'&:%&0&&4 grgxln? gé’sgglbly, the vent

appar at us conpri si ruct ure adap
structipreShéumed cheedoar tHeheeny anit, @letht backstadp Mt Bl alcbOgéneally circular
rel ationship thereto, said structure including a vent
confligygionhayi ng a netal sheet 5 provided with a movabl e

pressuge re |]'h§ Qerﬁ%bf)z.ir%s Bﬁ(\fl.hfﬁg2§ﬂx/ﬁe%iﬁ iisaﬁro{?lgéél L ngrﬁ:rally flexible

gasket configured to seal the perimeter of the vent unit when the latter is in normal closing
relationship to the vent aperture.

32.  Vent apparatus of claim 31, wherein said gasket is of transversely U-
shaped configuration, and has a groove for receiving a support member associated with the frame

assembly.
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extendi ng across the vent aperture; a backstop for

arresting novenent of the relief portion of the netal
wewen21se a sel ected open position extendi ng BOBYSINT68669

the vent aperture when a predeterm ned overpressure

in the confined space is aﬁg;led agai nst the relief

portlon through 10 the ve aperture; and a series of

spring33t eeNenteWé@ﬂ@ﬁ@rngW@mt%cq@ﬂaq‘ spaReBevinghyet aperture for

relief%)f;%\/ r%{g%‘ﬁfegc%ﬂ 1096&% {ht Iaﬂ;%h[gétﬂ@c&ﬂ@’% fOf the

rtion of the neta eet sai d spring
svesl strdc&m&’aﬁalttadlltmgaeapmﬂdnedi(Bm* th duhtuspesfure in normal closing

resilience nd Iast|C|t to exert.sufficient. force
on t he'S&fq ﬁﬁ?rﬁoo Pl B budingy s wert gt diayang 4 Fstal sheet

relief ,pREddioRith O HRIVHBIB ﬁlrésshl% tdige 'pBMdnahaxﬁﬁ’gc' lahii@fal position

fromifs open position upon relief of the overpressure
condltﬁmmnmngsqpﬁﬂhﬁnﬁnmedﬂgpace 34. The vent

appar,at us. of cl.ai m 33 n.s |d re rtion of

C R RlndioP eyl Moddme S s RuSGroiubS oh Beahily ¥R 8% seteeea
met aI Sp&Lhositdn clbRiNe Alvap FRAM sHdUSer@iap6itdt rm%% a predetermmed
wherein sard |line of weakness is defined 20

seri esowfrpepaeth the genfinedepacosisiappligdagast thétr@lllef $rewn through
36. Thﬁl%%ﬂ{ %98%!?&33 of claim33, whereinis

prOV|de synthetic resin materi al
p@serﬁes@lﬁepkumd:dn sdaveheghgihgtheshasltshiedt, QlidBbng undergoing bending

relationship to said slits in the metal  sheet.
during opening of the relief portion of the metal sheet, each of said spring steel
leaves having a sufficient modulus of resilience and elasticity to exert sufficient
force on the relief portion of the metal sheet to cause the relief portion to return
to its initial position from its open position upon relief of the overpressure
condition in said confined space.
34.  The vent apparatus of claim 33, wherein said relief portion of the panel
is defined by a line of weakness in the metal sheet.
35.  The vent apparatus of claim 33, wherein said line of weakness is defined
by a series of spaced, end-to-end slits in the metal sheet.
36.  The vent apparatus of claim 33, wherein is provided a sheet of synthetic

resin material positioned against the metal sheet in closing relationship to said slits in the metal

sheet.



