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APPARATUS BACKGROUND OF THE | NVENTION Field of the Invention This invention
rel ates to explosion vents adapted to be nounted vertically or horizontally,

or at an angbeonssgyvertical or horizontal, and di sposeg®diiussh@ssiioh
relationship to relief openings in enclosed areas subject to rapid
overpressure conditions such as may occur during explosions, a fast burning
fire, or the like, Various industrial processes and installations have
confined particulate materials, gases, and/or finely divided fluids that
can explode or ignite creating a significant explosion or fire. Dangerous
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The vent panel of the vent apparatus of this invention is openable to a first pressure
relieving partially open position, without rupture of the vent panel of the apparatus, when
subjected to an overpressure condition of one magnitude, and openable to a second fully open
pressure relieving position, again without rupture of the vent panel, when the vent panel is
subjected to an overpressure condition of a higher magnitude. An especially important advantage
of the explosion vent apparatus is its ability to reclose from either ofits open positions when the
overpressure condition is relieved, thus preventing ambient air from reentering the opening
leading to the protected area that could cause a secondary explosion or increase the intensity of
a fire. Reclosing of the vent is accomplished either with pneumatic apparatus, torsion springs,
or elastomeric bands.

Description of the Prior Art

Explosion vents are commonly used to cover relief openings in enclosures such as bag

houses, filter installations, dryer systems, tanks, processing vessels, and conduit systems for

preventing dangerous overpressure conditions in such restrictcd arcas. For example, bag houses,



WO 2007/ 133817 PCT/ US2007/ 060392 2 filter installations, and dryer systens
are constantly at risk of explosions because of the high concentrations of
finely divided materials, gases, and fluids that may be present. In order to
prot ect thes@2dazdsdous areas from damage caused by an egphssionnsody2 a f ast
reacting fire that creates an extrenely rapid overpressure condition, it is
conventional practice to provide one or 5 nore pressure relief openings in

t he equi prment that seal the protected area fromthe surroundi ngs outside
the protected area. These explosion vents Zeal the pressure relief openings
when the equi pnent or systens operate at normal pressures within prescribed
limts. Wdiltet instatiatibnspedd deyee agstems audonstantbyl at nskaof oipdosiomsbescaesecalithie highn
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connectors or burst tabs attached over the slits to retain the ce
20 the surface of the filter so that the particles fall to a collection area below the filter bags. Thus,

explosion vents must be configured to withstand or resist vacuum pressures and cycling between
pressure and vacuum conditions without collapsing inwardly into the protected area.
Prior art explosion vents typically have been provided with a relatively thin flat metal
sheet with the edges trapped between opposed frame members. The vent panel itself has been
25 supplied in a number of different embodiments, with the material of construction, thickness of
the material, and a variety of features such as lines of weakness defined by slits or scores, or the
configuration of the lines of weakness, controlling the burst pressure. In all instances, though,
pressure relief is accomplished by rupturing or breaking of the vent panel, usually along the lines
of weakness if provided.
30 , Certain prior art explosion vents having slits defining a line of weakness have been
provided with a plurality of connectors or burst tabs attached over the slits to retain the central
area of the panel within the confines of the line of weakness in its closed position until subjected

to a buildup of pressure of predetermined magnitude. With this burst tab construction, it was



area of the panel within the confines of the |line of weakness in its closed
position until subjected to a buildup of pressure of predeterm ned

magni tude. Wth this burst tab construction, it was WO 2007/ 133817

PCTI US2007 N6 2d9433sp di fficult to assure bursting or rupkyrRiRiedbse vent
panel at a prescribed overpressure | evel because the burst tabs were not
all subjected to uniformforces, causing sone of the burst tabs to break
prematurely. It is to be recognized in this respect that when one or nore of
the burst tabs break prematurely, the remaining burst tabs break in an
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bur st t absdiffisultetaspire vaxdting ocmpairebf the eent pandl hta presuribed webrprdssurcievetisccatse

rupture | ate .and not provi dequat e protection from an expl asi on or

ot b ent et 9k v ek AT s Pt dtesS bR g Se i Yo bresk
limted thgrenpestelp. IHIBRObE reddAREd in 1Bf rédpedtahit Wi d?@RcHd BE tHelbuistSatierenk
found difficult to provide tabs that offer sufficient resistence to jinward

buckl i ng oPremsursknthe remaining byrst s Wesloinanipdasamipate speassivoprdeb dirpyiding Ay
10 put war d 5 4RbaH ﬁuﬁ’ii)extcthhéé@'Bhrsﬁhb§h&rxﬁ§?B(/€d QfccsRABLENNE RV NPl tNéh tends
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actuation of the vent under an overpressure condition. The expl osi on vent
apparatus is provided with a vent support frane unit adapted to be 25
posstioned over the outlet of SUMMARY QFUFHRINVEBNEON'rom an over pressure
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20 partially opens under a predetermined lower level overpressure, and then fully opens at a higher

overpressure. In both instances, the unruptured vent panel is returned to its closed position,
thereby avoiding the necessity of replacing the vent each time there is an actuation of the vent
under an overpressure condition.
The explosion vent apparatus is provided with a vent support frame unit adapted to be
25 positioned over the outlet of an area to be protected from an overpressure condition. The frame
unit defines a vent opening adapted to be aligned with the outlet of the protected area. A vent
panel is pivotally mounted on the frame unit in a normally closed position blocking the protected
area outlet. The vent panel is pivotal from its normally closed position to open overprcssure-
relieving positions. Structure on the frame unit is connected to the vent panel and maintains the
30 vent panel in its closed position until an overpressure condition of predetermined magnitude is
applied to the panel through the outlet. The structure is operable to allow pivoting of the vent
panel from its closed position to a partially open overpressure-relieving position upon application

of one magnitude of overpressure against the vent panel, while permitting pivoting of the pane]



applied to the panel through the outlet. The structure is operable to allow
pi voting of the vent panel fromits closed position to a partiallyopen
over pressure-relieving position upon application of one magnitude of
over pr essuio a@am#siy t he vent panel, while permtting pp¢eiisidredosdne panel
WO 2007/ 133817 PCT/ US2007/ 060392 4 to a fully open position upon
application of a higher overpressure against the vent panel. In a preferred
enbodi ment, nechanismis provided for reclosing the vent panel after
pressure relief. Structure narmally maintg@ining the vent panel in its
cl osed position includes at |east one rupturable tab conponent
interc 03 newtd fudtytdpen posiken lmgbﬁ r.'«:p;lm:l:atihle of & highepoedrpreifine agiinstahp Oé’tﬁ rﬁanelg Ina
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condition are distributed across the array of tab conponents. A coil spring
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installation of the vent apparatus controls the anount of overpressure

appl i ed t ofardifferenge ipdpleranetbelwaen the parts pf hera ¥mntess the springs to an
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relieving position. he i ndi vi dua npone Wo en ment s
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component s E:ha:rr;]c%erfisct)xrcg %f t %Cc%?lss%;ifvlgst s?ssociated with each of the tab components, and the extent to
which the springs are compressed during installation of the vent épparatus controls the amount
of overpressure applied to the vent panel necessary to further compress the springs to an extent
that the vent pancl may swing to its partially open pressure relieving position.

25 The individual tab components have two end segments separated by an intermcdiate waist
portion of lesser width than the two end segments. The tension forces required to effect ruptufe
of the waist portions of all of the individual tab components must exceed the collective rupture
resistance of the waist segments of the entire array of tab components. The force necessary to
rupture each tab component is a function of the type of material from which the tab is fabricated,

30 the manner in which the tab material is fabricated, the thickness of the tab material, whether the
tab material has been treated, as for example heat treatment, and the dimcnsions of the waist

portion of the tab component, particularly the width of the waist portion.



rupture each tab conponent is a function of the type of material from which
the tab is fabricated, 30 the manner in which the tab naterial is
fabricated, the thickness of the tab material, whether the tab material has

been treat gfp 2@%143817 exanpl e heat treatnment, and the di pppgisRI®odbert he wai st
portion of the tab conponent, particularly the width of the waist portion.

WO 2007/ 133817 PCTI US2007/ 060392 5 A secondary franme assenbly carrying the
vent panel is pivotally nounted on the vent support frame unit. Rel easable
connectors secure the frame assenbly in itss position where the vent panel

closes the opening in the frame unit. By releasing the connectors, the frane

assenbly wi th ph@cyeiiy panRlassemblyRdring RO feritiinélds prdtdly Modiedd dntdi oeigh
an arc away fromthe outlet 5 allow ng visual inspection of the outlet and
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appar at us I's TnventionTn a y cloSed condition. 10 Fig. 2 1s an
expl oded pwithpectentmane] monsthd therapnmiry beampualyswungthiough aparciaway froemthe putlets

illustrated,in Fig. 1. Fig. LS. a.fron |.evai ion, of t ly in the
cl ogéled con%il?vi'li}ﬁv%?al;’ﬁ'%%c% Pﬁ%lélk}lﬁ.oql;e{gﬁt&g a%a?%’wg’sﬁgarl??gﬁlegq%ﬁgggti on t hrough
Fig. 3 on the line 4-4 |ooking upwardly in the direction of the arrows; 15

Fig. 5is a horizontal sect]| Q ig. h the Iine of bend
of the vent panel defi nedﬁﬁghwgﬁb&@ﬁﬁgﬁw{igdi rection of the
Figure; Fig. 6 piufdl RAlpRFpestiveASHBItha kM &peRlnpaad ré@lc%\ébléfex?!é%ﬂ%nﬁﬁbaratus

structure including nenbers nounting the tab conponents, along with an
associ at edosthis inyertiondntal fylly Floged qonidstian. parti al enl arged el evati on vi ew of

t upper |eft . C n . i i g.

ilTustrating thEnggésce éngdlﬂ)?ﬁgé’cgﬂ%gfﬁ %Jcﬁwﬁggtrhgg? g‘? 8%%’[%‘?‘?@“%“8%%”5?“?”
vertical caodlasteated iroRigl 1vi ew t hrough Fig. 3 and taken along the |ine 8-8,
|l ooking in the directiqn of the arrows; Fig.. i,s an enlarged, fra ntary
vertical sect ) ofis 39t BferbRE e & BhabrEbHindhe Sp begd oI Py A i 1
conponent st r uckiy @sisashsidital isBetfonGthratighAtig F3 @n tB81iné 424 1Ky gpardly in the

fragnmentary, sectignal view taken on the line 8B-8B of Fig. 8A and | ooking
in the dir8westion afthe MEO%Frows; Fig. 9 is a vertical sectional view simlar

toj4 he secti onak;yisqWaifdrizbital Sctibx AEBhgh PRI 31th&n hRJHeh RROBhe bBb&HHON thé Dedtt S
partially open pressure relieving position wth the individual springs
panel defined by slits, looking in an upward direction of the Figure;

Fig. 6 is an enlarged fragmentary exploded view of rupture tab structure including
members mounting the tab components, along with an associated spring assembly;

Fig. 7 is a partial enlarged elevation view of the upper left hand comer of the vent panel

20 as shown in Fig. 3, illustrating the spaced bend line of slits in greater detail;

Fig. 8 is a vertical cross-sectional view through Fig. 3 and taken along the line 8-8,
looking in the direction of the arrows;

Fig. 8A isan enlarged fragmentary vertical sectional view taken through one of the spring
assembly and tab component structures as shown in Fig. 3;

25 Fig. 8B is an enlarged fragmentary sectional view taken on the line 8B-8B of Fig. 8A and
looking in the direction of the arrows;

Fig. 9 is a vertical sectional view similar to the sectional view in Fig. 8, except that the
vent panel is shown in its partially open pressure relieving position with the individual springs
being compressed;

30 Fig. 9A is an enlarged fragmentary vertical sectional view taken through one of the spring
assembly and tab component structures with the spring compressed and with the vent panel

partially opened for pressure relief;



bei ng conpressed; 30 Fig. 9A is an enlarged fragnmentary vertical sectional

vi ew taken through one of the spring assenbly and tab conponent structures
with the spring conpressed and with the vent panel partially opened for
pressure r&yo ffoy1386172007/ 133817 PCT/ Q52007/ 060392 6 Fi ge1RBdoPoddzsrect i onal
view through the spring assenbly and tab conponent structure o Fig. 9A and
taken on the line 9B-9B of Fig. 9A looking in the direction of the arrows;
Fig. 10 is a vertical sectional view, simlar to Figs. 8 and 9, and
illustrating the position of the vent pagel as it starts to open

imedi ately after all of the tab conponents have been 5 ruptured; Fig. | OA

i's an enlarged figagBREA 8édtioh8Liew IRlouph Ms?ﬁﬁ@%@ﬂ[ﬁmﬁftabh@m%@ﬁdﬂ%tr@&%@@' y
and tab conponent structures imedi at el ter rupture of the tab conponent

and as t heFigaPé|and sakemoncbs 1m698p%%0fﬁsg9&ﬂeskmg laﬁleeqlfre&ﬁl@e@ffm%*m ary

sectional view F%‘(?@lsoapvéthgallsb&?on%pﬁ'eqvoﬁnﬁlfara gsls & o %ﬁdﬁ%tﬂaﬁﬁéhﬁ%ohﬂoﬁhe

direction of the arrows; . 1s a vertical sectional view of t vent

assenbl y tbftheivenspandl as 1t staﬁs gp operaimimedihtelysaftentadisof the tele gompamneats havedreen

| ntser medi at e lpo{gi tion its novenent toward a full opening position; Fig. 12
2 verti PR ESctional view simlar to Fi g. 11, and illustrating the vent

panel inits fﬂig YOA[i€ e enlacged tfragiientaby Ecgonalii'iévstl&ougf 6ﬁ£@ﬂth6qmdgcnsedmlylyew

simlar to Fig, and illustrating the_vent ositio r

recl osure #d &ah@owﬁﬂerﬁaﬁevmr%.lgm%‘%@g aferappire af ﬂgeé& FRmBPnSR tHFP clt o

Fig. 13, apgninkhdtalksdpédig initial contact of the fluid act uat ed vent

recl osi ng nechani smw t R the partially recl osed vent panel; . 15 is a

vertical secti ofi IQBWWM&WWSWEWanakWQWhFMeﬂ 1989551t 1A

in 020 a r%ﬁf&l‘d ?qngqgﬂ%(%l‘#ﬁ ‘a%?ﬂ‘e Jythe fluid recloser being shown

extended a has s vent panel back to its cl osed position;
Fig. 16 is a veFig. dalis sectticababctianelwielv dfitbe vemttaspan‘ely thheisesimiler whFigt &lind

vent panel . asse e nual i nspection.of the e
ot ected UiBRserg vertpendl Lo PR PO BR A ravamen e e Dioner e patio o
expl osi on vent a?ow. afdherticd) s&awnamé»ogﬁmm tSPigl MO SnE AlistRenpihelvaat pa@dl in its
support frane and operably connected to the vent panel support structure as

alternate &Wlﬂ?ﬁﬂ?‘bpqstbﬁlo%ecl osing the vent panel; Fig. 18 is a fragnentary
vergical cross- Beeys WRberib@WebakaIvRWAThAR b Hik D ahd 1dsirng®e Yant panel in a

position during reclosure of the vent panel;

Fig. 14 is a vertical sectional view similar to Fig. 13, and illustrating initial contact of the
fluid actuated vent reclosing mechanism with the partially reclosed vent panel;
Fig. 15 is a vertical sectional view of the reclosed vent panel with the tab components in
20 a ruptured condition, and with the fluid recloser being shown extended after it has shifted the
vent panel back to its closed position;
Fig. 16 is a vertical sectional view of the vent panel where the shiftable vent pancl
assembly has been manually opened for inspection of the protected area;
Fig. 17 is a front plan view of full opening and reclosable explosion vent apparatus
25 having torsion springs carried by the vent support frame and operably conncctcd to the vent panel
support structure as alternate structure for reclosing the vent panel;
Fig. 18 is a fragmentary vertical cross-sectional view taken substantially on the line 18-18
of Fig. 17 and looking in the direction of the arrows;
Fig. 19 is a side elevational view of full opening and reclosable explosion vent apparatus
30 having a pair of elastomeric bands secured to the vent support frame and wrapped over the vent
panel support structure as other alternate structure for reclosing the vent panel, with a side panel
of the vent support unit being removed and structure broken away to better illustrate the ferrules

securing respective elastomeric bands to the vent support frame; and



of Fig. 17 and looking in the direction of the arrows; Fig. 19 is a side

el evational view of full opening and recl osabl e expl osi on vent apparatus 30
having a pair of elastoneric bands secured to the vent support frane and

wr apped ovewotdee1ssmt panel support structure as ot her palrfugsdabésst r uct ure
for reclosing the vent panel, with a side panel of the vent support unit
bei ng renoved and structure broken away to better illustrate the ferrules
securing respective el astonmeric bands to the vent support frane; and WO
2007/ 133817 PCT/ US2007/ 060392 7 Fig. 20 i a vertical cross-sectional view
t aken substantially on the line 20-20 of Fig. 19 and |looking in the
direction of thEigak0 swsverbEalArdsEiBeOBERYiIEW|taénGhbSthiltiMRErERRED: FOBODLI FEENT9 5

Description ruct.ur | osj,on vent apparatus in accordance with a
preferred %’f‘fg{?aﬁt%ﬁ?hbefcgﬁ%ﬁgnf’ \b’berﬁq%‘ff' i s designated broadly by the nuneral
20 in the drawi ngs. Apparatus 20 is especially useful for nounting on the
vertical wall of a s&stemto be protected froma dana iEﬁ% QVEer pressure,
i ncl udi ng encl osur PETATEEDRERGRIPHICN OF THE PREFERRED, MENVer units,
tanks and pehefpiidhdf8e8cthit equi pment, processing vessels, or a variety of
conduit structures that are at risk for an explosion or rapid combustion
event such as aEkplogionAenhanpgratpoin accerdamrny with apredermed.embodipent ¢fghis|ipvengion
preferred,.the. t 1 Of.l al,l . ir
gl o vi ¢ his SSisERBE bR AP ninRkIA0RR sk it pbareRls 24 s BePefy s Bl for
i1l ustrati sdudtihy onappaegicas wall 6Ba shstemn tasbebpiongteds font @ MaimaghgCoveipriessuze)
having a flange 24. The fl an 24 has Qverpressure exhaust outlet 26, 15
whi ohf or - ExHMeEEtcLosgres guLRAE s e P Bt ey St Agfle g athes Bofags
nopnt ed onedlipmbhtep@dBessit vesidl) ofa YRidtPSf &IndGR BirEdthicQ Mt afePdi kiR ﬁfr_%n%saglhsi@a
bolts and nuts 28. View ng the overall exploded i|llustration of Fig. 2,
appar at us 20raRikceEbystion sveRicushias apfige whithqwgh posiEiening Rinrerais 20 vaticaibt is
for exanpl g Ot alcdapggﬁdwsvmw b Modnt RiZ6fafll, 418 o609 ra@ssiréd with Y&kt to
support frame 32, a gasket 34, a vent panel 367 vent panel support structure
38, and 20homgintal e ForsirhpliditynamiOpdrpeses of ulysitnatjion kelyy epparpmn 0 i86hewn ias being
cl osed condi ti after . Ur e i ef ni t.hereof . The
ni t30°§ ngtettiade § pRw AR Afld s, TREGMAS SRR eIt Ehay LRRAL b6,
outsrvar dl y ivhichIpo&diatripldlisiof géncvdldy drvillad configurativh W ppyradtiy 208 incdintd@ithd fiange
when apparatus, 20 is npunted, on supportin urface. A downwardly opening
bot t om chafhdfings SER?Se?fd?“b%‘itméhgﬁgnﬁﬁa“‘iho?sﬁ??tﬁHE PYRA®- ends of channel s 42
and 44, while awjspwgridl %v&ﬁﬁ@x@%de@ﬂll&‘é?ﬁﬂaﬁbf‘ﬁ%@, ap?@fhﬁf‘sci@ﬂast&i?{' incipal
c

extends between the nornally uppernost ends of annel's 42 and 44{( I g. .
asscmblies a vent supportunit 30 that for example mounts directly to the flange 24 of the conduit

22, a vent support frame 32, a gasket 34, a vent panel 36, vent panel support structure 38, and
20 recloser mechanism 40 for returning the vent panel 36 to its closed condition after pressure relief
opening thereof.

The vent support unit 30 includes a pair of side channels 42 and 44 (Fig. 5) that open
outwardly in opposite directions and are in normally upright disposition when apparatus 20 is
mounted on a supporting surface. A downwardly opening bottom channel 46 extends between

25 and joins the lower ends of channels 42 and 44, while an upwardly opening top channel 48 is
connected to and extends between the normally uppermost ends of channels 42 and 44 (Fig. 8).
A rectangular plate 50 is affixed to the innermost webs of the four channels 42-48. Plate 50 has
a central opening 52 adapted to align with the exhaust outlet of the surface on which apparatus
20 is mounted. Although opening 52 is illustrated as being circular to correspond with the
30 circular exhaust outlet 26 of conduit 22, the opening 52 can be of any desired configuration
depending upon the shape of the exhaust outlet. A series of apertures 54 are provided in plate

50 for receipt of bolt and nut connectors 28.



A rectangul ar plate 50 is affixed to the innernost webs of the four channels
42-48. Plate 50 has a central opening 52 adapted to align with the exhaust
outl et of the surface on which apparatus 20 is nounted. AIthough openi ng 52

is illustrayedo@asdsetng circular to correspond with the 3Qq e rclakas, exhaust
outlet 26 of conduit 22, the opening 52 can be of any desire con |gurat|on

dependi ng upon the shape of the exhaust outlet. A series of apertures 54 are
provided in plate 50 for receipt of bolt and nut connectors 28. WO

2007/ 133817 PCT/ US2007/ 060392 8 Two upright side panels 56 and 58 are
secured and extend along the Iength of side channels 42 and 44 on the

surfaces thereofryeifight (@ pRIR S6 ald s8rd SechrddPnd@kiehd GbrigOthBength of s1dfe

respective ends of anel s 56 and 58. Side panels 56 and 58 are outboard
channel s 4¢hamncls 42 amﬂM en thgsystaced thereof seraate ifitsam @lase SOophiln artap ipang. 60TRins
el ongat ed si r 6 yx@g t f

42 and 44 g g“é‘?’%,e{éc Ot?pzna\}]\g{r} Gaﬁfi%rs s%ﬁﬁ%lﬁgp%lgisgﬁegs 8?8{1 Egn ne sqt %ﬂg%é
44. A bottmlstdplmn%ﬁo xsostbasnidxrﬂtqp caanclds. ﬂ‘wotdkmgm&alsuxle slmpst@mdrﬁetmejouteﬂ

and_ project rdI han ile to i s _secur

heS whb of @ B EHaRRonas hanaes & S £ prhariry BR e Fos g opiiost foss,
62-68 are ppined 49'&9dT4Q @mo&o% §t6p BoasibMAEsuved BXhERED BEbStRSh SEMbIP46 dndi |
70 inboard of the channels 42-48 and that project away fromthe webs 10 of

t he channepwjests iwaardiy fesims dhal ciprmel, wilaien wrip §8rs securad © the/wehiof ¢pprihgnng 48, ¢
can e seehnd Hafecth iRbatdly 62l thEhrbOos 88 é@%ﬂ%ﬁ%o Shd 7 BEmAEard
edges o e

and 58 as wnwar prol ect1 ng I nnernost
of side chaxtaﬁﬂmgre@&ngnlhrﬁaﬁ] 70¥tmbu¢rdlogﬂtccphmtels4m4&amhﬂ:he;dojemt awey fieokgeheokelishe

n r nost channel .48 a t hat, ex etween and i s connected
0 (Fhe uppBEﬁ’ﬁé‘ 250111 &&Sﬁ%{ﬁ@?‘g%ma}?dn 8g 2& as 15 to top panel

60. Thus, the p&HéwingdigB,(OMRANNeSCernthibl PIARIT B R tithE NeweteRts S£H@Opnels
unit 30. The (garts of vent support frame 32 include a flat panel 80 havi ng

unitary si 8@2né3%agyelagtio te cdgeanfithedewmyardly praisating irssrmesy legs of 1idg channels
i nner nost f I ﬁ;eﬁ.m
fromFig. gggg weﬁ%ﬁ%ﬁgﬁ ?_Pﬁget‘mta tga@ %ﬁ°§ﬁﬂ"£g§ é-gl&? g‘?n %S?g At{rtoﬁn%nﬁat an
the | egs Bﬁtcﬂdndsaww%larﬁlismdmﬂieubmogeemdf&deamlaﬁéamrh%ﬁjastw;ellmd

L ect ou dl st ed f sid S, 82 d 84.

st - 14EP Bel o0y Thig bbbl i Gttt d e S eivE i e veBliyere up 0.
Ieg 88 of vent auspmgof«e@mpﬁanﬂ%ﬁaelﬂaa@eaﬂ&qaahalssmmvafgmﬁﬁarymwbg@swrw
openi ng notches 98 and 100 El ong%t ed openi n(tgs 102 and_104 are provided in

plate menBabtotoneaderandador lkg$8odhenmermpst edges af legy 828 dpﬁﬁ@ecqyarrame@@oe
and 108 ar 9083%%9 s&éh fibRPFikes féﬁeﬂ&nﬁi@rtﬁat twbm&tmég §6R éaﬁ?‘sﬂg\jﬂ\gihﬁﬂ&e

102 and 104." 25 The front nmargin of bottom |l eg 86 of panel
uni tary oulegagad] 84.9ndj88ctElapgated side bars 92 and 94 are attached to and project outwardly from

20 the outermost edges of side legs 82 and 84. An uppermost narrow plate member 96 is secured
to the outermost edge of top leg 88 of vent support frame 32. Plate member 96 has outermost,
outwardly opening notches 98 and 100. Elongated openings 102 and 104 are provided in plate
member 96 adjacent notches 98 and 100 respectively. Hinge barrels 106 and 108 are secured to
top leg 88 of panel 80 within respective openings 102 and 104.

25 The front margin of bottom leg 86 of panel 80 has two unitary outwardly projecting
segments 110 and 112 that each mount an outwardly extending U-shaped handle 114. Inwardly
directed, spaced notches 116 are provided in the outermost edge of bottom leg 86 between and
on opposite sides of handles 114. Notches 116 receive threaded studs 118 secured to the
outermost face of plate 72, with a nut 119 being threaded over each stud 118.

30 A gasket 34 having four transversely U-shaped legs fits within the opening 90 of vent
support frame 32 with the inner and outer legs of the gasket resting against the upper and lower

surfaces of legs 82-88 respectively of panel 80. Gasket 34 provides a seal around the entire

perimeter of the central section of the vent pancl 36. It is to be observed from Fig. 8A that the



segnents 110 and 112 that each nmount an outwardly extendi ng U-shaped handl e
114. Inwardly directed, spaced notches 116 are provided in the outernpst
edge of bottomleg 86 between and on opposite sides of handles 114. Notches
116 recei vewbho@Aaasily st uds 118 secured to the outernostpdria@o@sddbdat e 72,
with a nut 119 being threaded over each stud 118. 30 A gasket 34 having four
transversely U-shaped legs fits within the opening 90 of vent support frane
32 with the inner and outer |egs of the gasket resting against the upper and
| ower surfaces of |egs 82-88 respectivel yo of panel 80. Gasket 34 provides a
seal around the entire perinmeter of the central section of the vent panel
36. It is inneimsosobericecast lEg Gl bf gask8i/34 teat agdiest W AROr7édgg3IT il 70 when the vent

PCT/ US2007/ 06 2 .9 innernost. surface of |eg 34a qf. et 34 rest.agai nst
the outer BAELI6E s AGediBhicPh ! Giaiso e A ram ke A it tha 8 Gar jspatabian,
It can al sgasher 3eeHat brdjeatEigvar8hy frémtthé Bght 86ctiRr34cT gadlbet 34 codperatls with feBat
projects inwardly fromthe bight, section 34c of gasket 34 cooperates with

leg portiBortiond4d pf gaskried4 toprevidpp scal wathihe ppposgsl puter pdgesyHacef vsot ramekif e
surd ace of 36 j i ' R - i
gacket 34 AAE UrsPalfmn e AT, Re RS orBAREH Radrriou B R i Rd Hoore
seal i ng be34wthat apposesdchs sedlingdstvedengppheed sBafaceschfigasitet Bdraall vant, pankE3S, wilize

vent panel .38 is in.its cl.osed condi.j.ion. Vent panel support structure 38
has a pai r P5f° f%ﬁﬁ&%%&‘Pd%dﬁﬁ?8§PH%&W%nbers 120 and 122. A transversely

U-shaped bot t onvehepdirl sisbestrutiide 88 had sl paib of eRBgaRd duthBarciddReinders 120 dnd
correspondigg ends of side nenbers 120 and 122. |t can be seen fromFigs. 2

and 8 t hat 1#heAdrasvetely lhghaped botiem chamnel mgmbsr { #hfvtendshriyesrandes camneciede
bee! ed asid Qerebthdih SRA dlisieTneriberdl 20 AROI22G0E4h bINAR BT FARS. 1 4RI 8 that the

conponent and sprlgg assenbly structures 126 are provi ded on e outer face
of bott om etvsedéybesdABand 122 rengitg fomfchangel sesehes|1 24 grefhzgelgd es tipdom88 andpigte 2

as being spaced along the |l ength of channel nmenber 124, although
it isto b%gﬁ%&§§§%%h§£that nore or |less of the assenblies 126 nay be

provi ded if desArsedies &fiah campendrit ynd ffFingasbamisly saructnres 6 age gproeidicd bn fikBoutdrat

has a hori zont | e 30 and Vi ical leg 132. The |owerpost nargin 134

of “vent - pate obbotpEshane Herthard 28y Fiie ot HeaSFmb g S rDE? M Bies 23S bEéwn
i n g gs. Gc?u%ﬂ§ spdded BRIn$hcli3Rgthof bhaRnélwherh b 20 alBSh S islth be Usdbrato s EHRERS IV €
horizontal [eg 130 of a 20 correspondi ng bracket 128, and through the margin

134 of ven®r pamelf the agseanhlice 130gRey be pEaferkff depirederEachansserably; 129 {nchrdes »

br acke: - 128 HadaraOu ToaReY nRTR o aticr FFatlierih 1cg1d2; The Bl grarein

conpr i si ngl3hobyend pancli3chetags arpund tlireoutdrifacodf chmapelivhgmbaol 24)enslownlinFipa 6

and 8A. Bolts 136 with a nut thereon extend through a respective horizontal leg 130 of a

20 corresponding bracket 128, and through the margin 134 of vent panel 36 and the bight of channel
member 124, to firmly affix each assembly 126 to channel member 124.

The vertical leg 132 of each bracket 128 has an opening 138 for clearing an outcr tab
fastener 140 comprising an outer tab holding member 142 of assembly 126. Member 142 has
an elongated, transversely hexagonal main section 144 provided with an inwardly opening central

25 threaded passage 146, an annular, outwardly projecting central flange scction 148, and an
innermost bifurcated section 150. Opening 138 is provided with a number of inwardly directed
projections dcfining notches therebetween that are configured to complementally engage the
comers of main section 144 of tab holding member 142. The inter-engagement bctween the
comers of main section 144 with the notch-defining projections of opening 138 prevent rotation

30 of holding member 142 with respect to a corresponding mounting bracket 128.

Bottom leg 86 of vent support frame 32 has a transversely octagonal apcrture 152 for each

of the tab component and spring assemblies 126 with the apertures 152 being equidistantly

spaced with thc number of apertures 152 corresponding to the number of assemblies 126. Each



an el ongated, transversely hexagonal main section 144 provided with an
i nwardly openi ng central 25 threaded passage 146, an annul ar, outwardly
projecting central flange section 148, and an innernost bifurcated section

150. Openi wd bgfHisasr7pr ovi ded with a nunber of inwardly péf,gg,go@gom?gm ections
defining notches therebetween that are configured to conplenentally engage

the conmers of main section 144 of tab hol di ng nenber 142. The

i nt er-engagenent between the conmers of nmain section 144 with the

not ch-defining projections of opening 138grevent rotation 30 of hol ding
menber 142 with respect to a correspondi ng nounting bracket 128. Bottom | eg

86 of ventapemieask rédeds? ad InitR Satehdlding siveritsee 1 54 et maaideammm@r&ﬁzd fmain
each of tF?e tab conponent _and spring assenblies 126 with the apertures 152

bei ng equisaFtanaRol Q‘he epxaEdly RrUFCUNgANAYALIANEE feckion P ixuthepsd phj GeaBlRgaHeTy
to the nu%@roﬁgoaas@dmiguﬁamv%n@%hhmn%%%ta?»&w 1?@4&&?&9% Qa4 mlep

aperture 152 receives an inner tab hol ding nenber is provided with
a bi f ur catrespeptiyappesues | Brwith ghe cenralngeiien tﬁ%ﬂommpl@em‘aﬂg eragmnaﬁhe ffacgtspd the
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I'S adapte e received I'n a spect
aperture IoMiug tnlerriblaﬁ Sdentestmdinedagaimshrol@idnbyepgapenrehtdiithe angay loﬁ@pnhiabsef:met S
of the 5 rt 152 en tab hol di menber 154 is seated in a respective
aperture 1 et"é?ff’he 814 R al?%?ds%ﬁigm is restrained against rotation by

engagement of 1R H@AIRLEHGertfing 816t 164 inSREfidPNS0 dOthwiak bk tehaing sk RI4aaIadf
aperture 152. The axially extending slot 162 in section 150 and the axially

ext endi ng helding memben1 34a5e adapted taghigp with png anpthgr forsgegiptaf arvptyrg tgh coippeneshe

th f
21t e, T’ S5k o . 7t et il o0t opppa i

segnent s s68memtd 16§ an¢ tPsepasadedlyy awmt Btnrtlpo 172 ofirefiiedowidtie d.uctmjpmdi whithake

component TRgeaap FuBfiyO; Bhd @b REL T corffonaREBRIS reetoRly ssininy

whi | e end 1R hd]ﬂfthxfnembr wzmomwmﬂéﬁmeat 1'EOf @bl cpmponest lﬁ!idlsirém&%bﬂy
164 of tab hol dj ng. ne 154. Bolt 174 extends t hrough al i gned openi ngs 15

t heref or iTRcaivad M %ﬁhbé?*dﬂszmamef hrbuBRltdd4 sxtshis fhreven M‘gr@ﬁc?pgw%m
1q§ of eaQﬂerERJ? in f28HRRNRL MehftRr142! didltRroliyh alpgg%émﬂgﬁdaiﬁteﬁagé%rigﬂtQBg fafaidhgwd

openings in bifurcated section 156 of tab h ng menber and throug
openi ng 18®@npenettd 68 §iratariyn bolt I‘T&astenq!fdhwghampcnmss inchifuscated sestien bl v

cornec | RS bl BB R Tl . Aot
20 154, anhv_8tshercrtmr¢lembly| aonndet 4athasmiment Idﬁstertatehbldmgopembenglttm;d 125_4c0| I
SPLing 182 i ppaLtd ot ing Nt SR 3640 Rltakitingliog: [T BE noldiFe btmber
20 154, and the main section 144 has been inserted in opening 138, a coil spring 182 is positioned
over the main section 144 of a member 142 in disposition engaging leg 132 of a respective
mounting bracket 128. A washer 184 placed over the outer edge of coil spring 182 is hcld in
place by abolt 186 threaded into opening 146 in main section 144 of member 142, Each bolt 186
retains its respcctive spring 182 in a partially compressed condition. The annular flange section
25 158 of tab holding member 154, positioned beneath bottom leg 86 of vent support frame 32,
resists the resilient force of coil spring 182. It can be seen from Fig. 8A that the central flange
section 148 of tab holding member 142 is maintained in spaced relationship from the bottom
surface of leg 132 of mounting bracket 128 of each of the assemblies 126. Howcver, as will be
explained, upon rupture of tab component 166, the tab holding member 142 is released for
30 upward movement to a position as shown in Fig. 10A with central flange section 148 engaging
the underside of leg 130 of a respective mounting bracket 128.

Vent panel 36, which is carried by vent panel support structure 38 in the preferred

embodiment of the invention, is of rectangular configuration as illustrated in the drawings and



mounting bracket 128. A washer 184 placed over the outer edge of coil spring
182 is held in place by a bolt 186 threaded into opening 146 in main
section 144 of nenber 142. Each bolt 186 retains its respective spring 182
in a parti avbygooasasiessed condition. The annul ar fl ange pgeaisb@noeha92158 of
tab hol di ng menber 154, positioned beneath bottom|eg 86 of vent support
frame 32, resists the resilient force of coil spring 182. It can he seen
fromFig. 8A that the central flange section 148 of tab hol di ng nenber 142
is maintained in spaced relationship fronmthe bottom surface of |leg 132 of
nmounting bracket 128 of each of the assenblies 126. However, as wll be

expl ai ned, haspeentrdlpédtion 19% within arrafirdgiof dfport shactuad3 HIOA dditbestidieen ihFgs. S
n as shown in Fi | OA Wi t

rel eased for 30 éﬁmard NDVene é 2& a 03|L g tn
central fl& t‘ieﬁﬁall‘ﬁ’gt‘%a diod gent panel, Ao ds Briged ap i Y ‘digection with the
respecti verdRiivhi £4&h &f delthigeldng ifRatdddahe AmeIRaB. IAS HrevibLaY dBseribedithe

panel support structure 38 in the preferred enbodi ment of the i nvention, is
of rect anggwarmessmarginr d¢iobmenipanel3adspagially wiappedbarguasviheypwardly facing channel
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br evi ouel yPHieCl RiyiAnSed feF e ot Bt Rt B Eo0 VB ThE e g 108 of Vent
partially ydnepieid “amsw@vemeuméﬁredifwbixmem&hmmafg]ﬂ@mmmwsammpanel
structure 38, with the Iomernnst lip of the vent panel bei ng re-bent upon

itself and ¥6soiEhent WrAmthemse &%&fé«errﬁ@tousd@@stdpp @H&?ﬁﬁf tubular manh?qsdﬂpynd

t hg side [
0.5 T35, ot g o e g, sl Wi
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with the biz,\aﬁasdandcmeran onetmost edge pottion mdmmemmpoﬂaeemmu dizéttedaowherlthe
shown in Fi u St ma 200 of .vent. panel 36 i s bent dly,
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20 aligned slits 212 that define a panel bend line of weakness 214 across the top of vent panel 36.
It is preferred that opposed ends of each slit 212 have small circular opening 216 that cooperate
to prevent tearing of material between adjacent spaced ends of slits 216 during opening of vent
panel 36.
Vent support unit 30 is provided with two pairs of ears 218 and 220 mounted on the outer
25 face of top channel 48, with each adjacent pair of ears carrying a hinge pin 222 received in a
respective hinge barrel 106 and 108. Vent support frame 32 is thus swingable about the aligned
axes of hinge pins 222. '
Two recloser mechanisms 40 and 40’ are provided at the top of explosion vent apparatus
20 on opposite sides vent support unit 30 and vent support frame 32. Recloser mechanisms 40
30 and 40’ each include an angular bracket plate 224 provided with a leg affixed to the inner surface
of top panel 60 at the zone of merger of panel 60 with side panels 56 and 58 respectively. Each
bracket 224 has a pair of pin support ears 226. The recloser mechanisms 40 and 40’ are of

identical construction. Thus, each of the mechanisms 40 and 40’ include a triangular recloser



20 aligned slits 212 that define a panel bend |ine of weakness 214 across
the top of vent panel 36. It is preferred that opposed ends of each slit
212 have small circular opening 216 that cooperate to prevent tearing of
materi al betoweemasagipacent spaced ends of slits 216 duripgrpeRtddseseef vent
panel 36. Vent support unit 30 is provided wwth two pairs of ears 218 and
220 nounted on the outer 25 face of top channel 48, with each adjacent pair
of ears carrying a hinge pin 222 received in a respective hinge barrel 106
and 108. Vent support frame 32 is thus sygngable about the aligned axes of
hi nge pins 222. Two recl oser nmechani sns 40 and 40" are provided at the top
of expl osbay—upteint 228D PEtfecihihier apek odeachibapsipport 226 &as weoperingpiheicin rirécedingad

vent suppoart frame. Recl oser . .nechanj sns nd 40' ach i ncl ude an
angul ar bR¥RIRIP CN“&%@’Y?ZQPWB%‘H%PW pheas ?%%0%g\'ai° 8°PWﬁéPe’%erqa&}&e

of top pagahe ﬁﬁngﬁlaf JﬁﬁapéﬁaQz@éarfsexxgaéngaiedmi;ar@@owtfexéhdﬁthemﬁwdtﬁéfm S8

respectively. Each bracket 224 has a pair of pin support ears 226.
recI oser FHPeAE fames2q4withapllers 23 hee thsrouter gedn afcapssba?s0r dova mosmm@aﬂh of
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crossbar 230. Two oppgsed horizontally 5 aligned triangular brackets 232 and
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0 Similarly, in the construction of explosion vent apparatus 20 for a given explosion
protection specification, bolts 186 are torqued to a predetermined value such that the collective
resistance to compression of all of the springs 182 controls the force that must be applied to the
central section 194 of vent panel 36 to effect opening and venting thereof.

The explosion vent apparatus 20 configured for a specific application is then bolted in

15 place over the area to be protected from a designated overpressure. Generally, apparatus 20 will
be positioned vertically as depicted in Fig. 8, with the recloser mechanism 40 oriented at the top
of the apparatus, while tab component and spring assemblies 126 are at the bottom of the
apparatus. In the exemplary embodiment of apparatus 20 illustrated in the drawings, the vent
apparatus 20 is shown as being connected to a conduit 22. However, in many instances,

30 apparatus 20 would be mounted in an upright position over a vertical opening in the wall of abag

house, filter installation, dryer unit, storage tank, processing vessel, or other equipment requiring

protection from overpressures resulting from explosions or uncontained fires.



are correlated so that the given nunber of tabs 166 for each expl osion vent
apparatus 20 will collectively rupture at a given value. :0 Simlarly, in
the construction of explosion vent apparatus 20 for a given expl osion

prot ecti on vepewiAieati on, bolts 186 are torqued to a preogeiuSidilngshval ue
such that the collective resistance to conpression of all of the springs
182 controls the force that nust be applied to the central section 194 of
vent panel 36 to effect opening and venting thereof. The expl osion vent
apparatus 20 configured for a specific ap@ication is then bolted in 15
pl ace over the area to be protected froma desi gnated overpressure.
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20 panel 36 prevents a back draft of air into the protected area that could either reinitiate an
explosion or contribute to a firc condition. |

If, on the other hand, an overpressure of predetermined magnitude occurs downstream

of explosion vent apparatus 20, the pressure required to effect opening of vent panel 36 is a

function of the collective predetermined pressure required to rupture the waist portions 172 of

25 all of the rupture tab components 166 as shown in Fig. 10. Upon rupture of all of the tab

components 166, the vent panel support structure 38 commences to bend about the line 214 of

central section 194 of vent pancl 36 defined by the spaced slits 212. Utilization of a line of

weakness for bending of the vent panel 36 in lieu of hinge structure, eliminates the risk of failure

resulting from jamming of hinges, particularly under circumstances where apparatus 20, in most

30 instances, will remain in placc for long periods of time under a variety of meteorological

conditions.
In this high overpressure sequence of operation, the tab holding member 142 of assembly

126 moves outwardly under thc force of springs 182 until the central flange section 148 of



that is |ower than an overpressure that would effect conplete opening of the
vent apparatus 20. Furthernore, upon relief of that overpressure, the vent
apparatus 20 inmediately closes and returns to its overpressure protecting
status. As woc@nesgirence, i nmedi ate recl osing of the vcpeTR8200806059236
prevents a back draft of air into the protected area that could either
reinitiate an explosion or contribute to a fire condition. If, on the other
hand, an overpressure of predeterm ned magnitude occurs downstream of

expl osi on vent apparatus 20, the pressureigequired to effect opening of vent
panel 36 is a function of the collective predeterm ned pressure required to
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respective |leg 130 of brackets 128, as shown in Figs. 10, 1 OA and 10B.
Conti nued noven®hE VERt RARE! PRI SHHENTCEASHNS veqtrmﬁm(enes beagturRadrg itseiesed

pasel 36 d;%sﬁtﬂﬂm 0P SALAH Lhctidifon \G'the ?&R%E@hﬁéhz@@sd@ 46 lahd S0 aﬁvﬁ‘i’ed ﬁ}mcﬁhﬁtlcjol-
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Fig. 13 to bring the rollers Cross I nto engagenent
respect i veof wintipamel 36rdngaging thatod 182246 ofvgasket3dn eDparatiqoof methantims 40 881 40’
Rol lers 231a)r1 Ib%eac%!)x%pﬁshed automatically by provision of a rupture indicator such as a magnetic
20 switch, inductive device, or rupture strip that senses the pressure has been relieved by full
opening of the vent panel 36, with actuation of the fluid cylinder assemblies 238 being controlled
by a PLC or EPC. Rapid closing of the vent panel 36, preferably within about 5 to 30 seconds,
and most preferably within about 5 seconds, prevents back flow of air to the protected area that
could causc a secondary explosion or re-initiation of an uncontrolled fire. Alternatively, in the
25 event automatic control of return of the vent panel 36 to its closed condition is not deemed
necessary, an individual may manually control initiating such actuation. Explosion vent
apparatus 20 may be rcturnecd to its original overpressure protecting status by replacement of the

individual tab components 166.

In the alternate vent apparatus 250 as illustrated in Figs. 17 and 18, two torsion spring
30 assemblies 252 and 254 arc provided for reclosing the vent panel support structure 38 carrying
vent panel 36, in lieu of the fluid actuated cylinder assemblies 238. Each of the assemblies 252

and 254 includes a cantilever mounted pin 256 secured to and projecting inwardly from -

respective side bars 92 and 94. The outwardly-projecting end leg 258 of each spring 252 and 254



15 the upper surfaces of respective nmenbers 120 and 122 during cl osure of
the structure 38 as shown in Fig. 14. Continued retraction of piston rods
242 into respective cylinders 240 causes crossbar 230 to return vent panel
support st musiodr/e3®d to its closed position with the pepépigiodrosdiozVent
panel 36 engaging the top |leg 246 of gasket 34. Operation of nechanisms 40
and 40" may be acconplished automatically by provision of a rupture

i ndi cator such as a nagnetic 20 switch, inductive device, or rupture strip
t hat senses the pressure has been relieverts by full opening of the vent
panel 36, with actuation of the fluid cylinder assenblies 238 being
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cylinder assenblies 238 10 are replaced by two elastoneric band units 26
and 266. Estmblirstl2gdhamihe pPe8 axerciondert panel suppert stmegtine 3¥abhe2@embersi2iBland
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pa@9ses panel support structure 38. Upon relief of the overpressure condition in outlet 26, and as a result

of stretching of the bands 268, the bands cooperate to effect immediate reclosing of vent panel
support structure 38. It is preferred that two bands 268 be provided as a backup in the event one
of the bands fails during actuation of vent apparatus 20, and to provide assurance that the vent
will close upon pressure relief.

25 Another feature of explosion vent apparatus 20 is the ability to open the unit for
inspection of the protected area therebehind. This is accomplished by removing the nuts 119 on
studs 118 and pulling outwardly on handles 114 whereby the vent support frame carrying vent
panel support structure 38 may be pivoted about the axes of hinge barrels 106 and 108 to an open
position as shown in Fig. 16 permitting visual inspection of the area downstream of the vent

30 apparatus 20. It is also to be noted that by virtue of bulging of central section 194 of vent panel
36, central section 194 is able to withstand a significant vacuum condition in thc protected area
behind apparatus 20 without deformation of the vent panel 36. Bulging of the central section 194

of vent panel 36 also contributes to prevention of failure of the central section 194 either by



t hrough the sfde | egs 82 and 84 respectively of vent support frame 32. Nuts
274 and 276 on opposite sides of corresponding | egs 82 and 84 secure
respective ends of bands 268 to legs 82 15 and 84. It can be seen fromFig.

20 that bandsehfisfiass over and ride on the upper surfa &ﬁ ar side
menbers 120 and 122. Two T-shaped band retai ni ng nenber %zooﬁ@%éo are

nmount ed on each of the side nenbers 120 and 122 in disposition sonewhat
closer to spring assenblies 126 than the pivot axes for vent panel support
structure 38. The nenbers 278 and 280 rggirain bands 268 fromshifting
toward spring assenblies 126 during opening of the vent 20 panel support
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cogponent syd«efioy, Incoloy, Monel, titanium, palladium, gold, and similar metals. The use of exotic
metals is feasible in apparatus 20 because the tab components 166 are a very small percentage

of the overall structure of the vent apparatus.
In the exemplary embodiment of apparatus 20 having a vent panel 36 that is 1000 mm
by 1000 mm, and that is adapted to fully open at 100 millibars with partial opening at 30% to
25 40% of the full opening pressure, springs 182 may be employed that are about 67.5 mm in length,
have a diameter of 28.5 mm, and the bar stock from which springs 182 are fabricated has a
diameter of 4.5 mm. The resistance to compression of these exemplary springs 182 is preferably
about 32.8 newtons per mm. In order to meet a 30-40 millibar specification for partial opening
of the vent panel 36, each of the springs 182 is preferably pre-tensioned under a force of about

30 1 newton meter.

The reclosable explosion vent apparatus 20 incorporates a number of significant features

and unique improvements including:



at a pressure of from about 30%to about 90% and preferably about 30%to
40% of the full opening overpressure. The tab conponents 166 are
preferably fabricated fromstainless steel sheet nmaterial having a

t hi ckness &fo bgo@pmzgpout 1 mMmto about 2 nm wth 2 mm berp@siogbdssned. In
the case 15 of tab conponent 166 which is 2mm thick, the reduced wai st
portion 172 is preferably about | nmmw de. Where 1 mmthick sheet materi al
is utilized for fabrication of tab conponents 166, the reduced wai st
portion 172 is preferably about 2mm w de.17Tab conponents 166 may be .
fabricated of materials other than stainless steel, particularly where added
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t enper at ur e-i ndependent, materi al s, sych as..lnconel , 20 Hastal | ngol oy,
Nbnel | L1t ani um ol ERSIRe bl reRfiD ofiqeaie Rt prieseutf ot hel¥ pengf e ean
metal s is feasible it apdacetdsn ;%tidiﬂzﬁ&bl&eoﬁ?&ldxﬁb@@&ﬁgﬁl@ﬂis&a&@@ﬂﬂ{ﬁaxﬂiav&ry
smal | percentage of the overall structure of the vent apparatus. In the

exenpl ary enbodi mentPaBe! Biyishicats Fenyentinatihemployethto deieraning the ypiure ¥alugder am
by 51000 M _and t hatpgrieasaplsflelfbe thnt oA Ghe bPMhatirdyl Biticield dftnBHddi!
opening at 30%to FE40% of t_hg ul I openi ng ‘g?%ssure, S’pl’lﬁ{’lgg 182 may be
enpl oyed that are abwnfigefationmiany, df eeaye hinesensdit tineli efimetaknessf arkBsheperand sinel
the bar stock from wh i e.fabricated has iameter, of. 4.5
nm The resistance %(}l'%gr‘fp%ﬁ{eé%}%gn*ggt ﬁaeggl%et%src!r%l sgrref/lg@‘ptrels ﬁg?g S%@Efe"l gbs homd
preferably about 3Zfdbwiclot ofishepemetaitanlbe wsedier preparat@imanudibivhi@ ofitdUsivdedout
specification for pagti al eni.n of the vent, panel 36 ach_of the springs
182 is preferably prt 9PE?%?‘Eﬁ%s&'ngﬁ(ﬁélp"éﬂ"éi‘?’%‘d&g‘"g’&f)ﬂ?tab3§°ﬂ’W@W&n met er .
The recl osabl e «xpl 0giiRFatioRNéf SRR Ahd partiluialsAhBRIpA SStirs ToHB&rding partial
significant features and unique I npr o?errenta?gi ncl udi ﬁ%“%\/\o 2007/ 1?13%{7
PCT/ US2007/ 060392  19penifige of (the (napek Apd cihah stishialsol gempress |bgfrre dresective date
tensil e strength whi I i . | ctabl

prossure.  Tonsi e stPpncefniofurd ifflnkicERRhiat ng M Ahd i Epctibaiveen
conponent 166 desi gnmarisnsudnds tiie tabecontpomeats chnd pthr adttabhment stestwes for the tab
conventionally enployed to {ietern‘i ne the rupture value for a 5 particul ar
rupture-type vent ba P B Sype of material, thickness of the netal,
cosfiguration, «f anyhe @ppsaniseof tHi€Snwtich idlsd ioffess PfcveRe ®F Sfall athebisEhapy
and size of the vent panel. Test data fromtensile strength tests of sanple
tabs froma known |'§fividualywalkingquithe units when theyagegnoyntehherizogfallygatherthan o

of tabs without the,ggefdifor testing of a predeterm ned number of tabs from
that |ot.

. There are no dead corncrs or spacesvin explosion vent apparatus 20, and the
gasket 34 is of one-piece construction, thus providing an assembly that will meet
0 CIP (clean-in-place) standards for aseptic applications.
. The moving parts of apparatus 20 are of low mass and therefore exhibit a low
Pred (pressure reduction). The weakening of the bend line 214 of vent panel 36
defined by slits 212 provides a controlled hinge point and reduces deformation
of central section 194 of vent panel 36 when the explosion vent opens and
25 improves the ease of closing again with the pneumatic or hydraulic actuator such
as mechanism 40, 40’. When the vent apparatus 20 is mounted in an upright
position, the vent panel support structure 38 along with vent panel 36 can
partially close by gravity.
. After an explosion, most conventional explosion vents are heavily deformed or
30 even rupture and they remain open. This results in a continuous supply of air,
including oxygen, which can stir up the flames again or cause a secondary
explosion. Prompt reclosing of explosion vent apparatus 20 and reestablishment

of the seal between gasket 34 and rail 70 precludes ingress of oxygen/air to the



O Uilization of springs and particularly multiple springs for controlling
partial opening of the panel, and that nust al so conpress before respective
tab conponents can rupture, mnimzes manufacturing tolerance differences
bet ween p&fg mo/elgh as the tab conponents and the attapgfig§doosdsolset ures for
the tab conponents. 5 - The apparatus of this invention also offers
prevention of fall through by individuals wal king on the units when they
are mounted horizontally rather than vertically. There are no dead corners
or spaces in explosion vent apparatus 20,18and the gasket 34 is of one-piece
construction, thus providing an assenbly that will neet !0 CIP

(cl ean-in-pl ace) st gmdizced arer amsbagiificamjypdimitacominsatiohfa finw bngcoparne affa
apparatus 20 are of | ow ymass and therefore exhibit a low Pred (pressure
reduction). The meafﬁﬁ?gf%ﬁxébﬁ9%end line 21.4 of vent panel 36 defined by

slits 212 proviedes ariepdineqirhitél mbvigg paAs, therabidine fdsie g eltkdility Bl thedppatitus.
central section 194 of vent panel 36 when the explosion vent opens and 5

i nproves the edse ofIhe otsstrdaRraress\and the penditien phthecveant appaas Gas bsdeadibor
sugh as mechani sm 40q,40Q4.vidAgY the vent apparatus 20 is nmounted in an
upright position, the vent panel support structure 38 along with vent panel
36 can partially clExpdodign yend\apparatus Zptisresigtantiopfullsiagmymnost convent i onal
expl osion vents are avi.l of or ped Q_eve pt they remain
open. This results ﬁ%ﬁgxégﬁ%?ﬁﬂgﬁ ‘%ﬁ%%??ég?sgpg?&%fﬁ6#%3@%8‘oxygen, whi ch
can stir up the fl arfs fgparamsdxhitdtsachigh sparatisiarayio add Ffuimxtions in Phwmpér similar
recl osi ng of expl osion vent %P aratus 20 and reestablishnent of the seal
bet ween gasket 34 arl§2PGvFPy Sg?é@‘ﬁﬂes i ngress of oxygen/air to the WO
2097/ 133817 PCT/ US2087rii03@3surd & A6@6e ideferifeiodossh thdrataRslaid hiddid, S
continuation of a fire or occurrence of a secondary explosion. There are
limted nmoving *part Mogwlar dpsisn gHewa shemapefapapr| torsfocks all o€ theyperppenest parfhe
protected process a eqGondit i 5
napect od vi sual 1y, e S Rithirk A Forldfee TR B 4fed Mt fphrdng
vacuum Appar at us 2pecificatams. t 0 assenbl e and operator i ndependent.

. The provision of a one-piece gasket of U-shaped configuration assures the seal
LS provided by the gasket is substantially leakproof, even when the apparatus
remains in a standby inactivated position for long periods of time, especially in
view of the continuous, uninterrupted edge seal of rail 70 with leg 34a of gasket
34.



The apparatus exhibits a high operating ratio and functions in a manner
simlar to an overpressure valve. 10 Opening pressure is assured

i ndependent of process tenperatures and nedia. Modul ar design allows the
manuf act ur ggobeyrasReK all of the conponent parts exceptpchRfsadodBéosse tab
conponents fabricated to neet particular operating specifications. The
provi sion of a one-piece gasket of U shaped configuration assures the seal
15 provided by the gasket is substantially |eakproof, even when the
apparatus renmains in a standby inactivateg position for |ong periods of
time, especially in view of the continuous, uninterrupted edge seal of rai
70 with | eweldainef gasket 34. WD 2007/133817 PCT/ US2007/060392 19 W

Claim 1. Expl osion yent ratus conprising: a.vent support unit adapted
to be positioned ovef the%gE\%F’QPVSPt AP ARSLOMPIISINGyr ot ect ed  from an

over pressur e Condédtisppor® ufiitiadaptt RPbE pskitidnedesveP iHOndleY 8P hn ARAND B3 pRéteategd

with the outlet; a vent panel novably nmounted on said unit in a closed

posi tion bl ocki ng t hEomAn eterpressuge cquaiitan, bei ng novabl e from sai d cl osed

position to opep,. o] [ eyl . {1 ; .ucture on the

uni%t connect ed {Lcl)‘?%/"ﬁ;gg égﬁl?%egrnngﬂ %g%/déggf?g%g%l#egiqﬁ%g@t uzlte{ient panel in O

t he cl osed posi 4 van pahel memfablysaouhted onisdid uait ea clgsalyersitbincblocking thewutiety saidnt

of the vent panel through a firs i spl acenent away fromsaid closed,. .

posi {1on to bfirst DI gdephibis fan il SR ar it ol - lieyih

of an overpressure oposiiénhsiadNi t ude of pressure against the vent panel, and

permtting novenent of the panel through 5 a second and greater displacenent

than sai d firstSEHCEHE 8B dhsyRIt gonngeted veRidnelpenally maiptaining the yeniganel in

pogj tion upon applic&kw%%eggoggogwﬁﬁ&ﬁessure of a second nmagnitude

of pressure higher than said one magnitude of pressure agai nst the vent

panel . 2. Expl osiidstruetnte bgiparaperableato gkhow fropvement of] the rment pahedrtbiaugbad Grst

. S : A . .

e e sur o, oy 20, b A ABk L P38t RS HbQR S 1 & GRF'dpeR dVer Rl

relieving position upon application of an overpressure of one magnitude of

pressure against the vent panel, and permitting movement of the panel through
5 a second and greater displacement than said first displacement to a second open
overpressure-relieving position upon application of an overpressure of a second

magnitude of pressure higher than said one magnitude of pressure against the vent

pancl.
2. Explosion vent apparatus as set forth in claim 1, wherein said panel is
0 movable from said closed position to a first partially open overpressure-relieving position upon

application of an overpressure of said one magnitude of pressure against the vent panel, and
movable from said closed position to a second fully open overpressure-relieving position on

application of an overpressure of said second magnitude of pressure against the vent panel.

3. Explosion vent apparatus as set forth in claim 1, wherein said vent panel

5 is constructed to resist rupture thereof when a pressure of said one magnitude is applied to the
vent panel.

4, Explosion vent apparatus as set forth in claim 1, wherein said vent panel

is constructed to resist rupture thereof when a pressure of said second magnitude is applied to the
vent panel.

30 S. Explosion vent apparatus as set forth in claim 1, wherein said vent panel
is operable to return to the closed position thereof blocking said outlet upon relief of pressure of

said first and of said second magnitude.



application of an overpressure of said one nagnitude of pressure against the
vent panel, and novable fromsaid closed position to a second fully open
overpressure-relieving position on application of an overpressure of said

second nagiyd sg9138817Pr essure agai nst the vent panel. 3. pEXBSRT/RBs0YENt
apparatus as set forth in claiml, wherein said vent panel ?51s

constructed to resist rupture thereof when a pressure of said one magnitude
is applied to the vent panel. 4. Explosion vent apparatus as set forth in
claim1l1l, wherein said vent panel is congpructed to resist rupture

t her eof when a pressure of said second magnitude is applied to the vent

panel . 30 5. Expl osieon vexplesigiivent affpafitusae betFertH in cldimCl, @ihgieln sa ¥eribiure thai d
vent panel is operable to return to the claosed position thereof bl ocking
sai d out | BPMAllymaipfainsithe yenypaaelip thegiosed gositipn thepeof inplgdesapleastope ipjurable

magni t ude ,p\\Oh2BRt ;5%%?&& Vl\ﬁ GiEh bR RS %sioﬁ%&cﬁs E6RL 8PS e b ARDBRETUS

as set forthin claiml, erein sard structure that normally maintains the

vent paneWheman oeempresserg ipappliaddn théwens phnglnssidthbscompanenistesisheg ruptira mdislee

t conmpongnt,:. Qrd ent i I I.L] such. t.hat tension.forces are exerted
ont the t aBRuRBENT ot oS ERE Brb bRl iPco RIS Pl PhEShafb BB
sai d tab edicpimgeobitior Whehiangvenppdssure ofikdid Brsdmaghiowvdauf prdseunedippdied & the Oentove
t hrough s

aid first displacenent to said first open overpressure- relieving
posi t o RS S22 JEsE iR @R MEdsreo B TPt When An AN eFRIGES Ut OF AL SESPR FREEBIE oo
to the vegfpreRansis applddtodhe VAR Pind B AifWiHE HRAVEA pihel tHXhBVEhYARPA s second
overpressure of said second magnitude of pressure is applied to the vent

panel anddiblageinens thereoftorpridyerend ercnmyewressusaghiewas #osiennd di spl acenment
t hgreof to said secgnd o = LEH. D] Lt e i,on
VSt “apparatus as st f onip oo PER3PMiEE 5 b 4o i BBk & et e SEDIdRY1C;
spaced, | atueality bfsmiced)riatdrallytalignapiab eompondnat thaioddllectively hyptunepn urder topeomier
to permt__novene of the vent panel to said,_.second open position thereof.
8 Bxpl osPSNOVERhOLipp K pudilt selierenddpeR RORSR fHerotuhar f n each of oo d

tab conponents hasgtwo dixplexidr Ve sppRifdluasGeioldlin BRI 70 Wheriy&RA of fed eibd
portions, said central 5 portion defining a waist portion of |less width

than tho GPEPINEHES Rasdwe R RFoNs Aad g cepiral ROTHOD EFSAARE endPporEigRt, Sai AT FHNt

appar at Us pgsiof &efihfgl  wallst Joiidh 8f 180 Si@hNhed ekt RidtArdnt @R poRAIBASBEHhe taBAS
opposed side margins, and a notch extending inwardly from eagh si de margin,

sai d not chewpdreinhg al i gned | aterally of the side margins of the tab
conponent s and COoopef at| rﬁplosion vent apparatus as set forth in claim 8, wherein each of said tab

components has opposed side margins, and a notch extending inwardly from each side margin,
said notches being aligned laterally of the side margins of the tab components and cooperating
.0 to define said waist portion of the tab component.

10. Explosion vent apparatus as sct forth in claim 7, wherein is provided a
resilient member interposed between each tab component and the vent panel that collectively
applies a compressive force on the vent panel sufficient to prevent the vent panel from moving
through said first displacemcnt until an overpressure of said one magnitude of pressure is applied

'S against the vent panel.

11. Explosion vent apparatus as set forth in claim 1, wherein is provided return
structure operably associated with the vent panel for returning the vent panel to the closed
position thereof afier movement of the vent panel through said second displacement thereof to
relieve an overpressure of said second magnitude of pressure.

30 12.  Explosion vent apparatus as set forth in claim 11, wherein said return
structure includes a fluid pressure actuated device for reclosing the vent panel after opening

thereof under an overpressure condition.



:0 to define said waist portion of the tab conponent. 10. Expl osion vent
apparatus as set forth in claim7, wherein is provided a resilient nenber

i nt erposed between each tab conponent and the vent panel that collectively
applies a ¢umoRpssMe force on the vent panel suffici e”fc*ﬂsﬁﬁﬁ&’sﬁﬂ& t he vent
panel fromnoving through said first displacenent until an overpréssure of
said one magnitude of pressure is applied :5 against the vent panel. 11.

Expl osi on vent apparatus as set forth in claiml1l, wherein is provided return
structure operably associated with the vegt panel for returning the vent
panel to the closed position thereof after novenment of the vent panel
through said second jdi spl@gasson vemedpparfanisas det!foRN §n 3MhiAVEY, RAIRSSH s8idOfluidal d
second magni tude of pressure. SO 12. Expl osion vent apparatus as set forth
in cl ai m plessyihapapiedsigviveingludes logtmetianmechanismbegng cempenenpy hatapteate the

t uat ed ce. i . .
ver pr oss BshEE aefBhecl BEviGE bR sbplin l R Res SIS KPP ARY A h ELRR R 27
vent appatiEnustuasthestent partehto its closidrpotiRionwipen e¢liefofipeesbural d  pressure

aciuat ed device inclyde oSt .noti on _nechani avi ng .co nepts. t ha

ac% ﬂat et hevI pr e!ssurlg . ait %%mbl(‘;(%ﬁtc?gpﬁrﬁ 8 %?S?LF%\‘%%‘QE}MWEaWEF%ﬁ’a?’%b“é‘h‘@d
to a predsirdtienfiélu@ed téiion spiihgh Mdispdsiiion an@ it Ard dieraléio e thetvent pahel to

cl osed position upon relief of pressure. 5 14. Explosion vent apparatus as
set fort hitglosedpesitian up@nerebichoLRE Ut urn  structure incl udes torsion

Springs in di spositi@n anglifdbn IR HREHAR!R dePrdrfl H BlallG1VGRLCRANE! réifim
its closed position upon relief of pressure. 15. Expl osion vent apparatus as
set fort hstmctatedneiudds eladtemeric bawd whit stugture irsdispesitioreanditbhtate spehblsito nanine
VBt panel™ i b dabloR B R i BB h e S cosur e. 16 Expl osion
vent apparatus as sdi6. f orExplosios véntripparattls @k et forth ififctiiindig dviereih ligpvided a
carrying said vent panel, said frane being piyotall upted on the su rt
unit, rel SRS Ing SR dE R RS #d 5@86F?lﬁgp&VH@_Ylym_¥q3§-Pth%§@agﬁawtt, ralﬁ?%gggﬁ
sai d framg.gididrifor¥edtiringahelratiidfle mlpg:eh%it daild Ratle aRO Ve baftlibRMgHvotal
i nspection of the outlet thereunder. 17. Explosion vent apparatus as set
forth in dntaidipositign @Hewingiaseectienof hgoutlet therepndsri ded with a series of
slkts defining a |i th . ' C n'ir]g
I il%e of weakness al gﬁ’g tﬁée’%\?é%{”?g%ﬁgﬁ*%& g%neglf%ﬁ }r{rloé\}&eiﬁlrf%fa_{'géﬂ\yg%t pgﬁel
al ong sai ds provieed ofithusekinesfslitddefininpa 1ng thereofirtinetecfraasaidstrsstiteand pocsemting

a line of weakness along the vent panel for bending movement of the vent panel along‘said line
second open. overpressur e r?l | eving

of weakness when moving from the closed position to said second open overpressure-relieving

position.

20 18. Explosion vent apparatus as set forth in claim 1, wherein the vent panel

has a central bulged section.



position. 20 18. Explosion vent apparatus as set forth in claim1, wherein
the vent panel has a central bul ged section. WO 2007/133817
PCT/ US2007/ 060392 22 19. Expl osion vent apparatus conpri si ng' a vent

support uniwoasaRiRsy to be positioned over the outlet ofpgRs /?605 be
protected froman overpressure condition, said support unit Ining a vent

opening aligned with the outlet; 5 a vent panel pivotally m)unt ed on said
unit in a closed position bl ocki ng the outlet, said panel being pivotal
fromsaid closed position to an open overpyessure-relieving position; and
structure on the unit connected to the vent panel maintaining the vent panel

in the closed positi®n tﬁg{,@,@%n veit aﬁfi‘aﬂt&t({oﬁiﬂrﬂ{% bei ng operable to allow
pi voting of the vent panel throu a sufficient I spl acenent away from said

cl osed positiorm t/@ltanpmfe nmé\aéamwb%bﬁ positéidried\duey thepmt,let pban areario Hpprotected on
of an overpressure a%ginna%t%‘;e gpéc&ﬁg%l to relieve the over pressure

W t hout rupture of the ven sald vent panel further being operable
to return to thfalctémed mnﬁddﬁnmg&bmtepémbtmlm@eﬂgmﬂalhdmﬂbd et upon relief

15 of said ove sur tion sion vent ra t th
oSl arm 10wl Rl pllelx P et o i Bl Sfloreios RS Re B o0t 1
that nornally maint apdiel béifg pevtial Frme bail BlosE@p&siaSER #OsHehi VBrpréditreaefieviagi d
tab conponent being oriented in disposition such that tension forces are

exerted on the tab RRFIHEAE when an overpressure is applied to the vent
panel, said tabyfappo ﬁmeuﬁﬁt&bﬁﬂ&g&ﬂoqﬂ%{?éﬁ?é&l{e‘?dﬁﬂﬁﬁ ﬁ?@éxﬂkﬁﬁé% fheRfosal d
e v al T ow ng

pr edet erm ned magni tu e 1s app to t pane the vent
panel to nove througpositich theteafenent to sai d open p03| tion for relieving

ol m 207 whor e SN ShrsBHE P BIRE e O B St péiE IForeRa g
sections, one of thedisplabémers ah&yrf@nofsalﬂ ehsed pwlﬁkhhto atboge@veipiesstietRlieving
section. 22. Explosion yent appar.atus set forth in claim?2l, wherein the
width of said one sERYSAHURAN FPRlCILAE aPrB}S?fBFﬂSS‘F% agaipgtdbg vent panebin relipvathe

magni tude of the ovespipRsdle witlit hfuledfithe viRfankBngld V&l \Pahednt@etblifgt
rupture of all of the tab conponent

operable to return to the closed position thereof blocking said outlet upon relief

15 of said overpressure condition.

20. Explosion vent apparatus as set forth in claim 19, wherein said structure
includes at least one tab component that normally maintains the vent panel in the closed position
thereof, said tab component being oriented in disposition such that tension forces are exerted on
the tab component when an overpressure is applied to the vent panel, said tab component

20 undergoing rupture when an overpressure of said predetermined magnitude is applied to the vent
panel, allowing the vent panel to move through a displacement to said open position for relieving
the overpressure condition.

21. Explosion vent apparatus as set forth in claim 20, wherein said tab
component includes a tab having at least two sections, one of the sections being of lesser width

25 than the other section.

22. Explosion vent apparatus as set forth in claim 21, wherein the width of
said one section of the tab component is variable to control the magnitude of the overpressure
applied to the vent panel required to effect rupture of all of the tab component.

23. Explosion vent apparatus as set forth in claim 20, wherein said tab

30 component includes a tab having two end sections and an intermediate section, the intermediate

section being of lesser width than the end sections.



23. Explosion vent apparatus as set forth in claim20, wherein said tab 30
conponent includes a tab having two end sections and an internedi ate
section, the internmediate section being of |lesser width than the end
sections. M{H326e/4skpR3817 PCT/US2007/ 060392 23 24. EXpl @3irRR0050E0sePPar at us
as set forth in claim 20, wherein is provided a plurality o? spaced,

| aterally aligned tab conponents that collectively rupture in order to
permt rnovenent of the vent panel to said second open position thereof. 25.
Expl osi on vent apparatus as set forth in gdaim 24, wherein is provided a S
resilient nmenber interposed between each tab conponent and the vent panel

that collectively appliegxplogioadeheipParttes £Q8Pf0RHhSh\cEaiO2C; WHerkih Repry@ided a
panel sufficient to prevent the vent panel from noving through a

di spl acemspltrafity afaspacesh el plignsd teheqmponsnis st spleciviely mptugg injorder to permit
predet ef M BB B ttclfon? baikl] 65 8414 Sedohd BPBY p&tidfaeRtRf. [ he vent panel . 26.

Expl osion vent apparatus as set forth in claim?25, wherein each of said .0
resilient menbers ing$.udeExplosioniviegt appastysoassdt fosthieshim 24 syheotin iseprowded a
corngponent anpd th nt. l5, o ssive forc f j i i

carust abl doeRReER Rl beh I SRR Bt Ene R 7, b 3R PBPlpl AR Y
the vent p#ppliks dpfedeerminedicampidasive fdrce Gi'the ks paaeianficait ta ppaeatths vest paedl

forth in claim19, wherein i rovided nechani sm engageable with the ven
panel for TPUTRYING %@%ﬂtﬁﬁﬁ%mpbw £1d QRSBRPSHIY ¢ G aa v Emessaenh Skt
28

of the Ve%re@&&%in&&nﬁ%hﬁu&&%br@éﬁfeﬂé eppItSphinkt ¥ vask fRgl.t 1 on thereof.
Expl osi on vent apparatus as set forth in claim19, wherein is provided a

gasket sealing the p&éi neBxplasfontyent grparatpsigscset forth insclainy 26 dwhersint dagh of gayd
Exp| osi on ! . ' ' erej ' '

of 'I%IU- shape%gi@%%@ggg{é% #gcrlla s%%h?l}%{??%ﬁ%ﬁ%@@ %%gesgx%\% 33?%%&5%‘%1&3%@?% %st
as set f orpdnel, nthel cnmprégsiveferceiof sad ppougsddeinghhadjgstsble aonemittohghe ramawat gif n

of the vent panel t he suppor.t ,unjt al] ow manual . pi voti of the vent
panel  t hr oovgbssuss habusth PR i viut ate] Whioorenivedivieet and the ar oa
downstream therefropy, WOEZB{béloh3aRdl dpficathd 52 8 F6HR @8 8im 21D, IherdiX i ovided

vent apparatus conpri si n(T:|: a vent support unit adapted to be positioned over
t he out | etmeshapismyengageadblewith thervsat pagel for repning thnenbpanedterits clessd pesition after

L5 movement of the vent panel to said open overpressure-relieving position thereof.
28. Explosion vent apparatus as set forth in claim 19, wherein is provided a
gasket sealing the perimeter of the vent panel in its closed position.
29. Explosion vent apparatus as set forth in claim 28, wherein said gasket is
of U-shaped cross-sectional conﬁgufation.
20 30. Explosion vent apparatus as set forth in claim 19, wherein is provided
hinges connecting one margin of the vent panel to the support unit allowing manual pivoting of
the vent panel through an arc allowing visual inspection of the outlet and the area downstream

therefrom.



said support unit defining a vent opening aligned with the outlet; 5 a vent
panel pivotally nounted on said unit in a closed position blocking the
outlet, said panel being pivotal fromsaid closed position to an open

over pr essuky f081/il¥i7ng  position; and rupturabl e tab stpgfisiossaspect ed
bet ween the vent panel and the support unit maintaining the vent panel in

the cl osed position thereof until an overpressure of 0 predeterm ned
magnitude is applied to the panel through the outlet, said tab structure
being oriented in disposition such that tgnsion forces are exerted on the
tab structure when an overpressure is applied to the vent panel through the
outlet, said tab st3nuct Explosicn edrtappdrixds cemprisiigf orces until an

over pressure of sufficient ,tear%gni tugg is applied to the vent panel to effect

rupture of the?V4Bt SAPQEH tedp OB POpItioRrd PYSTIhE ovHetAT anAreaimbe protacid
vent panel to an op&rbRY%EbPREPREsIE cohdilibRYi NG position.

said support unit defining a vent opening aligned with the outlet;

5 a vent panel pivotally mounted on said unit in a closed position blocking the outlet, said
panel being pivotal from said closed position to an open overpressure-relieving
position; and

rupturable tab structure connected between the vent panel and the support unit
maintaining the vent panel in the closed position thereof until an overpressure of

0 predetermined magnitude is applied to the panel through the outlet,

said tab structure being oriented in disposition such that tension forces are exerted on the

tab structurc when an overpressure is applied to the vent panel through the outlet,

said tab structure resisting the tension forces until an overpressure of sufficient

magnitude is applied to the vent panel to effect rupture of the tab structure

5 thercby permitting pivotal movement of the vent panel to an open overpressure-

relieving position.





