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i nvention relates to generally rectangular or circular vent apparatus
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The vent apparatus is especially useful for covering relief openings in enclosures subject to rapid
pressure build-ups such as may occur during explosions or unconirolled combustion events in
bag houscs, duct work communicating with the bag houses, processing equipment, duct work
15 leading to and from the processing equipment, buildings, pressure vessels, and other types of
commercial and industrial installations where explosions or uncontrolled combustion events

producing high overpressures may occur.

More particularly, the invention concerns vent apparatus of overall rectangular or
generally circular configuration that will vent the confined space when an excessive overpressure

20 of predetermined magnitude is exerted on the vent apparatus, and that will then reclose upon
relief of the pressure to:

-eliminate or reduce the ingress of air and thereby oxygen, thus mitigating the effects of
a secondary explosion if the protected area remained exposed to the surrounding atmosphere via
the vent opening;

25 - prevent continuation of combustion of process materials that could cause permanent
damage to the protecied installation;

-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

30 -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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25 An exemplary explosion vent of this type is shown and described in US Patent No.
6,070,365, wherein a rectangular pressure relief panel is mounted in a frame adapted to be
secured across a pressure relief opening. The unitary relief panel is formed from a single sheet
of steel, stainless steel, Inconel, or other similar metal, and has a three-sided line of weakness
defined by a plurality of interrupted slits. The series of spaced rupture tabs positioned over the

30 linc of weakness as shown in the “365 patent, must rupture before the relief arca of the panecl
gives away under a predetermined high overpressure resulting from an explosion or a fast-

burning fire.
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circular vent openings.”
from an overpressure condition resuiting from an explosion or an uncontrolled fire. The vent

apparatus has a vent unit provided with at least one spring steel panel having a line of weakness
30 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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bends about a respective hinge area to immediately relieve the build-up of pressure in the
30 protected arca. The backstop extending away from the relief portion of the vent serves to arrest
movenent of the relief portion to an extent during opening thereof that does not exceed the

elastic ltmit of the spring steel material from which the vent structure is fabricated. The modulus
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30 surface adjacent to and facing the relief portion of the vent, an intermediate section, and an outer
curved surface extending in a direction 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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conf i gursatfe@m havi ng a curved segment presenting a curvilinear outer

surface positiaoned to arrest novement of t relief. porti.on of the
Vot uni bt o ALk S RN BB presire e petiop e BaRpRUrR v il
t ubul ar Heagloptiea uRasr atbre€déteyinlned 8RdpRIURS thDUER ACEc BRI Wo@A r&ult & @8 haiel
curvature adjacent the relief portion of the stainless steel panel

than an Tifid exrecding hernsid slrengih drihastirngeechyee!rdne b preseure sedicf pestipar
backst o qunirﬁﬁn&ﬂﬁt@lryqaﬁﬁni tijs QRuti@f po}sfﬁ%n tsﬁ%%wnﬂﬁll)bé’}&ﬁ% aR v@ﬁt%fg@éﬁ?{%f}er

has a series of opénings therein allow ng access to connector
serve t @paiing &f thtprepaekestiefportionpr edet er mi ned di sposition with respect

t OZ[? he press rnea%tgrglht:e%gckgfaé E&r% rQJt?r} far §é?l§ 31 aﬁ.lts'ta‘n%br be ularTéE%er%H . gx%g
surtace of the tubul'ar backstop also contrirbutés to absorption and
di ssi patcooiiguedtiokihmetg &cleneatsggmetu preagntiop e airmidinedr otiteesurfatd pehitipoedto aiesof

the vent structure. 3QRectangul ar vent.apparatus havi ng t ubyl ar
backst o EmERsLIR R Pavan dyaonuirioiS RS b tion it stirusns.
because o@thcitiisuldroweistop\Has abirvitiaeghtel furtacelpdraet bOsteanYIrfat@EhdjNRnt the

spring steel panel and the ability to use the tubular backstop with a
nunber &¢liedpeitign althe stinless sfg%gl-'gqrgel than an adjacent curvilinear outer surface portion of the

25 tubular backstop. The outermost portion of the tubular backstop preferably has a series of
openings therein allowing access to connectors that serve to affix the backstop in predetermined
disposition with respect to the pressure relief portion of the spring steel panel. The curved
surface of the tubular backstop also contributes to absorption and dissipation of kinetic energy
during opening of the relief portion of the vent structure,

30 Rectangular vent apparatus having a tubular backstop is especially advantageous for usc
in certain installations, 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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Figure 1 is a perspective view of the preferred enbodi nent of the

vent apparwpusesgRidvhi s i nvention that includes vent strroaruszen7/osssck a
frame assenbly for the vent structure having an 5outwardly-directed,
dual curved backstop for the novabl e pressure relief portion of the
vent unit of the vent structure; Fig. 2 is a plan view of the
vent apparatus of Fig. 1, with a portion of the foam panel overlying
the vent unit broken away to illustrate the slits defining a |line of

weakness in a panel of BRENBBSCRIFTIONISFTHE DRAWNGEr agment ary
vertical cross-sectional view of the vent apparatus taken along the
line 3-3 of ﬁ‘%‘reélsa?rﬂf“lPS‘EiWr’{&“I of theielgrrpd e ‘Eﬁirﬁ“l%‘?‘f’fﬁé"a‘?lraa%a‘uﬁ@hm4

'5 an e&ﬁlzé?ﬁ%fﬂ 11{?@ Erﬁﬁfﬁﬁé VR sith@e OJndtahﬁanY@%erﬁlﬂfy’%rathé'$e1ﬁ%tr§&91‘é”habfﬂ an
I's an expl oded perspective view of e vent unlt

for ﬁn ng qutysardly- @mb@ﬁdua@uwedbwsfapﬁstmmwagle plessurgiRlief pogidngf the vent unit
enl argedof ?Qﬁ?{l ?vert I cal cross-sectional view of a portion of
us o

t he vent appara > Fig. 1;
Fig. 2 is a plan view of the vent apparatus of Fig. 1, with a portion of the foam panel

overlying the vent unit broken away to illustrate the slits defining a line of weakness in a panel
of the vent unit;

10 Fig. 3 is a fragmentary vertical cross-scctional view of the vent apparatus taken along the
line 3-3 of Fig. 2 and looking in the direction of the arrows;

Fig. 4 is an exploded perspeclive view of the vent apparatus as shown in Fig,. 1;

Fig. 5 1s an exploded perspective view of the vent unit forming a part of the vent
apparatus of Fig. 1;

15 Fig. 6 is an enlarged fragmentary vertical cross-sectional view of a portion of the vent
apparatus of Fig. 1;

Fig. 7 is an enlarged fragmentary cross-sectional view of the vent unit of Fig. 4, without
a depiction of the U-shaped elastomeric slit covers of Fig. 5;

Fig. 8 is a vertical cross-section view of alternate frame members for the vent apparatus

20 of Fig. 1;

Fig. 9 is an enlarged fragmentary cross-sectional view of a portion of an alternate vent
unit illustrating the laminar components thereof;

Fig. 10 isalongitudinal cross-sectional view of vent apparatus incorporating the alternate
vent unit of Fig. 9, illustrating the pressure relief portions of the vent unit shown in Fig. 9 in the

25 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
serics 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

30 retum the pressure relicf portion of the non-spring steel metal shect to the initial position thercof

after relief of overpressure in a confined space;



Fig. 7 is an enlarged fragnentary cross-sectional view of the vent
unit of Fig. 4, without a depiction of the U shaped el astoneric slit
covers of WOQo0sER21599 Fig. 8 is a vertical cr@eEIASeOTiocssco
view of alternate frane nmenbers for the vent apparatus 20of Fig. 1;
Fig. 9 is an enlarged fragnentary cross-sectional view of a portion
of an alternate vent unit illustrating the | am nar conponents

t her eof ; . FlLg. 10.1s | ongi t udi nal .cross-sectional vie f .vent
appar at Us | nd A AT g R oS O FeD SOF g 8% 20§ depictng
i |1 ust r ad pdiiodt ot efsiionpbhdis dTah hitefise OntlufR; vent unit shown in
Fig. 9 in the _25qpen positions thereof, with the npvable pressure
relief portidngparder Ipngivdigalsesssaaipnglovipy dllysiptingihe paaiionsq the laminar

fol | ow ' e : ' 0si
NGnRRAMH NS hdEpe s shYRARIor %aqfeﬁﬂﬁﬂ%ﬁ&ﬁﬁg gg?’%ﬁ{nggﬁ&'fe@losmg of the

Fig. 11 is"a plan view of another alternate e a vent unit
and3i | | usevaata pregsurcsdicf pertiof okthe langnartverduniteaves engagi ng t he

pressure reli i f - ' I, . I e t
normal | 'y overPﬁ%‘elQ? #en e\?ﬁe}lﬁ edé%g?: t8 ﬂ?@p%ésg‘g"%%ﬁ ivheed3 % g?ﬁtg)% O\t/fmalﬁﬂﬁlﬁrﬁletemate
| eaves Hemingregenabl e to 30return the pressure relief portion of the

non-spring s et. to the.injtial n t her eof er,

relief of ov rlg:,léggéﬁltléng?tﬂgﬁalc%ﬁsrsl-sgét@ng \QE\@;iths%%iirEgl t?we positions of tlijléc ltammar

2008102 15b2)Bkehld SAROVHIGROOORIE. 14 followiltk Gull dpéning aAdrRVsAE @€ the spring steel
fragnentary cross-sectional view simlar to Figs. 7 and 9 depicting a

pot?i on ss¢tios dic mayrolercseyrpdicpariontheratal t ernat e vent unit;
, Fig. 16 is a plan view of another alternate form of vent structure having an associated
gasket that adapts the vent apparatus to be especially useful for sanitary applications;
Fig. 17 is a fragmentary longitudinal cross-sectional view on a reduced scale of the vent

structure as shown in Fig. 16;

15 Fig. 18 is an enlarged fragmentary cross-sectional view through a portion of the vent
structure depicted in Fig. 16 and illustraling a transversely U-shaped, generally rectangular
gasket that may be provided between the vent unit of the vent structure and a support for the
gasket;

Fig. 19 is an enlarged, fragmentary, vertical cross-sectional view of alternate vent

20 apparatus having an outwardly-directed backstop for restricting open of the pressure relief
portion of the vent unit;

Fig. 20 is a reduced size plan view of the vent apparatus as shown in Fig, 19, without the
top rectangular holddown frame;
Fig. 21 is a perspective view of the vent apparatus as shown in Fig. 15;

25 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 a perspective view of circular vent apparatus in accordance with this invention;

30 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



Fig. 13 is a longitudinal cross-sectional viewillustrating the
positions of the |am nar conponents of the Fig. 12 show ng of the
vent unit Wwolzbaersg? f ul | openi ng and recl osi ng of the SOARIG 068669

pressure relief portion of the |am nar vent unit; Fig. 14 is an
enl arged fragnentary cross-sectional ¥Jem10f a portion of another
alternate | am nar vent unit Fig. 15 is a | ongitudina
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conponent s oft B § ahiepitfed B B ghe el Baterb g et e fig e the
recl osi rigttol thbentiap fiang oftheeppatiisect i on of the novabl e pressure
relief portion thereof; Fig. 16 is a plan view of another
alternate formof vent structure having an associ ated gasket that

adapts the vent apparatus to fyergspechesdyipdselul for sanitary
applications; Fig. 17 is a fragnentary | ongitudina

crods- sect i orfde pmf@wddﬁct@zﬂgu@a M@é appaeednseofdnis tyentiaais ilkwstraied infFégsad-7 and

shown i e

or oes. s defgfted Benel i tnd b Sl PRRIAR 2) EAGIRRR %o mownted ju nomyal
in Fig. cd&imgdispokitios ta e iverg aperturadib ofstsetfuye M(ff@.ﬁ}apkesayﬁﬁ@ﬂraérbg/requmng
rect angul be provide et V. .uni t e
Dem 20D Rrlbe TRl et O Rbn TR OB G o B0 BE Underood g i gl F
enl ar gedsenf 4pparare BALY thisvig¥dntie@mag bOSHpRELb ia@B&lin tHe@WynDdhodh L€ Fipatie7, or
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Fig. 20 is a/Reéde8IaThAR fﬁh@%leﬁieﬁ%@ﬁlasf I eﬁﬁﬁgxlew&'fté&%@aﬁd%&m thn
Fig. 19, without the top rectangul ar ddown frane; s a

pers pectSW@qul 3hin @mrrcmém\géﬂ@u@plpaﬁm% apestusthiwrl tierintpingl 0p£5mg 38 of frame

element 36 is generally aligned with the vent aperture 32 in structure 34. A frame unit 40 of vent
apparatus 30 is mounted on frame element 36 and the underlying structure 34. Frame unit 40

15 has four out-turned, lip portions 42 and 44 spaced from one another and that are unitary with
rectangular base portion 46. A series of in-turned annular flanges 48 define respective openings
50 for recetving studs 52 secured to frame element 36, and that extend through and project
outwardly from the outer face of base portion 46 of frame unit 40. A nut 54 is threaded over
each stud 52 and engages a washer 56 resting against the outer surface of base portion 46 of

20 frame unit 40. A segmented, rectangular, elastomeric gasket 58, preferably of silicone rubber
or the Jike, is located between frame element 36 and base portion 46 of frame assembly, and has
a series of openings therein for receiving respective annular flanges 48 of frame unit 40.
Alternatively, bolts extending through structure 34, frame element 36, and base portion 46 of
frame unit 40 may be provided for securing frame unit 40 to structure 34. Nuts 54 threaded over

25 respective studs 52 serve to Securély affix frame unit 40 and thereby the apparatus 30 to structure
34 in alignment with a corresponding vent aperture 32,

Vent structure 60 of apparatus 30 includes a compostte, laminated unit 62 (Fig. 5) made
up of a spring steel panel 64 and a second spring steel panel 66, both of the same size, and of
outer dimensions substantially corresponding to the width and length dimensions of frame unit

30 40. Suitable spring steel materials are hardened 301,304, 316, 316L and 316LTi stainlcss 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



25Fig. 22 is a perspective view of vent apparatus having an alternate
backstop structure for the pressure relief portion of the vent unit;
Fig. 23 iswe2Xisagnent ary enl arged | ongitudi nal cross- sacyusp@/0s86ew
of the vent apparatus shown in Fig. 22; Fig. 24 is a perspective view
of circular vent apparatus in accorda?&e with this invention; 30Fig.
25 is a plan view of the circular vent”apparatus as shown in Fig. 24,
i g. ' . X |.C_Si ' th ' | ar . .
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t he vent aratus of Figs. .24 and 26, excluding.the bottag untin
frame of "{h&aHH5HrEE 68, o et Ve HE: &ﬂl@\resaﬁﬁgvepwﬂéw 7 OTDpanél 66!
I ect anguh sdruYRBR afB@iat Y 8lif wiidctrebibvamt bﬁéhiﬂbg‘% 50 dbilibghethldrMafigas
1-7 and designated gener al I}/ by the nuneral 30. Apparatis 30 is

adapt ed writapyevisfoease pertipn4hel fitic wibdl ng di sposition to the vent
aperture 32 c§ ﬁﬁ%ét&%& Hhdts nél%b gflatmnaféﬁ%éﬁﬂ“tPQe#FhWeﬁ%eﬁ%ﬂﬂﬂabéﬁ?end—
protection froman unt owar over pressure event. I's to be

under st doekni alits D shat esypecite tb Wafing ti-shagrt] liap pwetknessJQ. dhe tilé of weakness

i)pve nti o5 irrlr%Xchbo(‘:f thseupoaﬁézlis 89 a.rgdo 66thas'a Sarir &n optp(r)]s%dfle%rs?gnslgn%%ai aid %l%%ine:cll_bz an
end bight segment 72¢. Each line of weakness 72 defines a pressure relief portion 74 that upon
10 opening bends about the hinge area 76 of respective panels 64 and 66, and that lics between the
terminal ends of leg segments 72a and 72b of each line of weakness 72, remote from a respective
bight portion 72¢. 11 is-therefore to be understood that each hinge arca 76 is integral with and
a unitary part of panels 64 and 66.
A relatively thin strip 78 of synthetic resin material underlies panel 64 in covering
15 relationship to the line of weakness 72 in panel 64, while a similar relatively thin strip 80 of
synthetic resin material overlies the line of weakness 72 in panel 66. A relatively thin synthetic
resin sheet 82 is interposed between panels 64 and 66, and between respective strips 78 and 80.
The sheet 82 may be of the same length and width dimensions as panels 64 and 66, and thereby
have openings therein that align with apertures 68, or sheet 82 may be of dimensions
20 substantially equal to the outer edges of strips 78 and 80. If of the same dimensions as panels
64 and 66, sheet 82 has openings therein that align with apertures 68 in panels 64 and 66. The
strips 78 and 80 and sheet 82 preferably are fabricated of fluorinated ethylene propylene (FEP),
or an equivalent, such as PTFE or PFA.

When assembled into a composite laminated unit, as shown for example in Figs. 1, 6, and

25 7, strip 78 is interposed between panel 64 and sheet 82, while strip 80 is positioned between
sheet 82 and panel 66.

The outer dimensions of frame unit 40 are preferably about the same as the outer
dimensions of laminated unit 62. A die cut central section 84 of frame unit 40 is bent away from
the rectangular perimeter of frame unit 40 to form an outwardly-directed backstop 86. The width

30 of central scction 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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gasket 58, at the same time, gasket 58 is compressed sufficiently to provide a scal between the

30 interior of the protected area and the surrounding atmosphere.
When an overpressure condition within a confined 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 cdges aligned with lines of
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no more than about 300 N/mm* Preferably, the yield point and tensile strength of the spring
steel material is at least about 1200 N/mm? and 1450 N/mm, respectively. Stainless spring steel

30 is preferred because of its corrosion resistance. The yield point and tensile strength of the spring
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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are def iwiBdesby isvantigitugtuze Bat, in fact, will open at a predetermined overpressure, whereupon

vent structures to be delivered to customers will then be manufactured in accordance with and
pursuant to the results of the test data.

Fig. 3 is a cross-sectional, generally schematic depiction of the vent apparatus 30 in its

30 normal operational position 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 relicve the high

pressure in the protecled area. The backstop 86 serves Lo limit and arrest the degree of swinging
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vent unit 262 as a result of actuation thereof by a predeterm ned

over pr edBHRPOSHOBm Fig. 13, it can be observed that the spring steel

| eaves 25 Z%erveﬁwpga@ﬁeam 2@ d&ia0Hin288s. 18- 18UPFLABLAR ddhplel Sorl Bhidrd!
positions thereof, thus effecting i medrate closing of thg vent

aper t ur éppifcafipesdn hiszmbpdimer, Sisivpaitni ACIL verappiraivsitenaydeut metatpahelom
a hipre - : 0 n

b1 © at B B B of TR Wb AUE NG M Mrd 6B TR AR 484 o il Dfl 2,

t hose ofassprwmp dareabwpailied. $6,604s andiB6 ! ppaevd sliis HY0 defodng HBchapeddine of

out er ends, of v 1}612{94 are first caused.to eng nti | tge ressure
ol et porTSn TR PrpSia e S RS S Pem g A g W gt TR akhg
pr essur eprtkd veat wiio462 lare 2kdlapiligad Blshd linss 6f wdkagsksy restrai ned by
backst op 286 Aa.ﬂ%oon as the overpr §ssur e condition has been )
relieved, |edVeSifouace Y ARpazy0es semRsrevith the v e ARPAERIEE Proviguely
supst antdesdrib¥d tdsiile O ih8isiiHortdRie ds@bly 440 for the vent unit 462, and the provision of
an associated elastomeric, rectangular gasket 410 that isolates the vent aperture 438 of frame 402
from the surrounding atmosphere when vent unit 462 is in its closed condition, as shown in Fig.
17. The member 402, having an opening that defines aperture 438, may either be a part of a
vessel, a variety of structures, or equipment to be protected from an overpressure condition, or
30 may comprise a rectangular frame, or the like, adapted to 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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toits initial position, whereby the panels 278 and 280 substantially
cl ose ventwapReesiuares 238. Vent apparatus 330 as srEmUS2007/868569
14, 15 and 21 has vent structure 360 that is nmounted on a
conventional frame 502 and includes a,yent unit 362 that is of

i dentica onst ucti.on _and erat.i to t uni t , _except
that s SPRGIRESRAY et ELmaginERi gt é@nﬁ%wpﬁe“ﬁ et PR g
a stainl esgmdngn-spring steel panel 378, as illustrat ed in the
fragmentary, schematic, cross-sectional view of Fig

i nt er medi at e SiedTameassenily 44hfor ﬁ@?@ﬁ@éw%t&w& 462@3@’@@%%%@9%@@&1‘10%@
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panel 364, as in vent apparatus 2 A sheet of FEP
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initial closi n ition over, vent erture 338, whereas th ressure
ol ot Soi RO perru el lRRLAL OpaiwERal et phi Bk
to the rRivdenSBgid MBmBEM 10fand 3Gkt MinchBh36. TAGeR&G 3f3LRY 400 hicl BfnRfcatife
FEP, PTFE, OR PFA sheet 15 382 also I}é remai n adj acent the pressure

refl ef fmameRbesFl2 grd gytand thigygh veat & padiihe bpseipprtion d46 alframs glement
agai nst 438e N LHR RIS UDSEechRf ;dfﬁi‘véﬁﬂn@%fﬁ@%@ﬁ’mﬁ%%@emﬁ ngh, 364
that has returned to its initi position e ven appar at us
430 as depi cthedicicnt ®ingral se¢iGom 484 of fparetqlmﬁnaﬁli@/lsah&atpavw fram theapitargniar
appl i cat i I ni I, apparatus
430 mmy Is0Rerof L S BPRE Ry G <cBlsbe SRS 1B ARRFRE S
62 162 of 2B sanmg cc.’v}ﬂi%uraﬁbm ab (bp)ckpmpe% 46 4h@in ueﬁltg Blmntd #ﬂa@&fora&a§h]@me:ﬂ n
EVIeWIan as a seri.es o g fs efinin
05 8P ape dMoF e oftsind L A5 5ty O i W Rk o e isreso ey e
r e' ief porti qaskel410 A of ﬂé&hﬁéulé?aﬁ@ﬂaﬁ sAEel daGerhipy éd?l%s%l Ingubithic BRdh haye
simlar aI i gned Ushaged | i nes of weakness. The d erences in vent

appar at FEU3EMes s AP ¥t tRer i 8. dpdies lsharsd gogee Prdhat sipgmplengstal
descri beg &3 (1€ ol d? i estiRRRI i reﬁg@oprﬁéﬁﬁg? Lo 44 FrRihe H&ﬁb&e{ﬁ i¥BF 4

462, and the provision of an ass ed elastomeric, rectangu
gas ket 4higknehnsuch 8t apastd t8nf gashst 4 Hpeapped etwes nesfmtfer APRRaniGm aﬂjamt pére

Suﬁ(ﬁ Oun%'f@gntg.['rﬁoﬁ%?ggr %}é@?@d tﬁ&teﬂ)ggésh%n 61%af l%e nﬂeﬂ&r of%e Ye% 1, sgru?tu I on:

shown in an openi ng nes
aper tur eqdlﬁﬂl,enﬂra;ulmgtphtﬁmtlbmsasopﬁﬁdfmmﬁ 1hasur&ﬁiﬁdahg atmowgghicree Optvedrdly-directed

condi t | dRpopn 98 SHEFED I A B Eoh g beerrantnehy s e g ageof ven

adapt ed yhip 4b2 nounted on such vessels, structures, or equipnent. In

the event nenber 402 is a separate frarre t he vent aperture 438
defi ned thergﬁ§701?ﬁ5%tt°nl9é“’%ﬁt“§’1‘rﬁﬁ’ér‘ catieab Hsthe Areration/of vend uied?i asg 163r36khe

ar g 1 eqiinhl Mg pREJEELALORDihs A7 SF the P AOQRA ARdR AQRGT HFROP S DHEEER,

and then retumns to the initial positions thereof to close aperture 438 upon relief of the

overpressure condition.
The vent apparatus 530, as shown in Figs. 19-21, is also especially useful for sanitary
applications. The vent unit 562 of vent structure 560 may be identical to vent unit 62, or vent
30 units 162, 262, or 362. The gasket structure provided is the primary difference between vent
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 {lange or leg portion 5022 and a leg portion 502b that



18 that a portion of the gasket may underlie such frane nenber 402 to
an extent as shown in Figs. 17 and 18. The franme assenbly 440
for supporWOrRgOMHYS unit 462 may include the nmenber 40ZCTVYS2p766866Ed
as a separate franme, the rectangul ar frame nenber 412, and a main
rectangular frame 5 elenment 436. As Qown |n Fig. 18, franme nmenber

412 her f he
vosser . SROCHE sl VGl aar S E of r%cé e Rl et i o B

appar at usuteddst faceariahgos02kr an%cta{g@me ﬂﬁméi}&nfbaﬁ% iPpodigined against the face
out war dl y- di rgf ed Ilegﬁgﬁrtlon 442 that extends around the peri mster

of the flgske Rps angg 0% ligs 19 Rerseqpdpam fig $0 thaizhg @n%fﬁ]é’ﬁt&éae 590a
bet ween iR ABADE! 59‘@Je§teﬁ3§j1nfv0'a?dl? b@}cﬁﬂ‘iﬁg 1rﬁgiﬁlostoéo%gro'f%§skgf st U}jﬁ'otﬂém

are connected to 10 franme nenb 412 and extend through vent unit
4625and Tetfangylas fapie nambsr #Pgs msxtfqnama@lséfmm mmaaer 580t Ehwoaermnstsmangis

406 Sec%f'%é?nl?e{ - I5h% 1svaq%h cﬁ\g zfﬁ }éQEneg%%aE%ﬁ %é?sggt ﬁ%sﬁlﬁq‘%&eézleodoes not exie; exténd

die cut central "sect ent awa
t he rectiawgulyaof gaekadt 582 end Hrhmé nembeeb®hanis thSGask mﬁldi‘atmamamber 590. The

out war dl y-di r. cted b op,486 th refera sane

conf i gur%émp(?ﬂ evfnb'ﬁ]é%?(?ﬁ; %‘ésu 4Urg ﬁ%%%st‘s ﬁgafﬂ?sg hg@“le’é @P}%%beﬁa%z a
curved L&mmgﬂ@sﬁarﬁ@a&man 530 Hadflg QYA Hoftidh\586a &ﬁ(htdcﬂm-tuﬁfed | erigdetel g
con{Jl gurati on g&ﬁbaeks 186. Gasket 410 is of rectangul ar

ovdPal | TOHIRRCSIGh RsFeA Yo e ok BiscRmpAS e emt vl 362ndt IrciaREIAbaIHown frame

di mensi GRgmIR: 59@&%@3%&@@@&&% 53880f AR NATnes3d: SRAPSHE o LRNVS04
that is conplenental with and fits over the aperture-defining edg

menber 4beoutqartheeaidramemranben 396.i s of a t hi ckness such that a part
418 of gas ketA é% Quttcb ARRELBEs éﬂ%?ﬁﬁlg{rg g%&entds% i3nd b?ﬂ a@VQ% ﬁ%ﬁﬂﬁ% Igagliﬁ]ﬂago

of vent unit 462 1's conpressed eby "assuring
t he ves swhme&t plUGarae dpmemt Baue fomaran oueepudlyidivgetpd beickabp 686 ihat prefotabtyeid

P S DRI e B MBS o R 2L,

under surstraight @fter\¢dtion ithilar 46acksthe3SPRI@picRA i0FigyENt unit 462 is
identical to the operatt,on of vent units 62 and 162 362 25 in that

the pressure TEFBEUIALHbYERasker P SofaritibyheBnsmepeartign akirane 590 adjacent

pr edet ergpd &%@ 59VLh e 65 SWokfi gﬁ&ﬁaﬂdfh%ﬁnée%ttb' Eﬁ%g& EhetoBEos'eH‘ kdck 8F v shit 5@ns
thereof to close ap erture 8 upon refli ef t he Overpressure

condi t | ghcan be seen feraFkge%ﬁ, t@p@&@aﬁ% 583end 33 fypedian af seafsilgésolateghenterjos
al 5@ es%‘??ﬂeﬂ:lr&%ct&?gggé fr&ﬁrt Ec[lﬁ%ﬁf}B%ﬂh‘é?e“ ons. The vent unit 562
en | Ta

of vent structure vent unit 62, or vent 30
units 162, 2@dpther dlﬁﬁﬂ:ncérbmwmthemrstmindﬁﬁl oEvamt stwodﬁel 56@ atdrecnp nnirsei2y

oL o5 B ARG T AL LSRR R SR BERSHE R ror

rect angmkmlpletdsameﬂnﬁg )1914hs hﬂdlﬁdvd‘akﬁdﬁgsﬂ ie ﬂmippéﬁﬁst paR@ts6k Snddefink@r
to frame el enment. 102, i,n. Fig, Frame 502 has fl ange or Ieg
portion GFErIeS RS saaqeg,ge dﬁep@) ﬁht?)ég(ﬂ) hap, ipr-turned leg segments 576 opposite the bigh

25 section 578 of line of weakness 572. The in-turned leg segments 562 of line of weakness 560
are in spaced relationship and cooperate to define a hinge area 580 for the pressure relief portions

574 of the panels making up vent unit 562.
Operation of the vent apparatus 530 is identical to the vent apparatus previously
described in that when an overpressure is applied to the pressure relief portions 574 of vent unit
30 562, 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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aperture 538. A rectangul ar el astoneric gasket 582 rests on the
out er nost WEA808IR1IPP ange 502a. A rectangul ar franme nenPET/ESIW7i068669
positi oned agai nst the face of gasket 582 opposed to flange 502a. It
is to be seen fromFig. 20 that the iQ er nost edge 590a of frame

menber 590 EX]L Q%C QlV\@ GXCG%%%Q Gg tﬁ o%ntﬁenngf 311? gg] ral ag a@: l?.(se% gv%én
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the outer face of franme nenber 592. A rectangul ar frame el enent 536
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er abl | 15 of 'the urat st.op 86,
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t ubul ar gasket 598, carrie t he i nnernost port| on of frame 590
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200f t hexbputomeginay psintede 1 fdnd)B’r?tih ebat i @ 3ommd iTihg C&t nadispbsruevature of segments
Anot her f nce.bet wee t unit 562 of vent structure 560
angg venté%gzrlu ?gu?gﬁagl%pmﬁt S aaro'n'éfe@é.ﬂml s the alternate configuration
of the |i nes Batkstepaddses securedtih erciingt 502aFdITrerrysditiliw;, fréise 6IR0NCconfediirg .

19, the line of ess 572 in ernost panel 564 and defj ned
by a serPB¥UHfS §‘§§%§@ Pff@ﬁ%msémahfia p P hrprieh srtads merfoR oy w 663 and

segnent s P46 6 SPRATIgt@aihiBad Bfthent 3885 OGItl &6 séaﬁe @k plakd &5 40hd WeAkDdE 886
572. The in-turned | eg segnents 562 of |ine of wea[gness 560 are 1In

spaced rietgtaarditp Theerows spasneat 688dpidasksip 636 hrgyweriay elzpps@oes &h8e thee
Pregsur &d ﬁ%gh@c{}wiﬁ?x% Rfte sad 650 togrg@v &lﬁ@f&gﬁ JE?A%FQJPH&%E Bhd Iléﬁ'l'o@al%ﬁguts
ntica

Qperation o e ve appar at us O1s1 e vent
appar at ¥S6 pereeiuuglayd tesvimgteabackstoh686. when an overpressure is

oPpl1 10 ! g REGSRAL 6 G ST RAALL AV RER B HEBE s 201 0E a0
Upon r el3i6ef Opénitidemdhécddsingrof sedt it 662 i ie: spmeoheihe 8pbrﬂi‘0ﬁa>f tkiehﬂaebvaﬁeﬂts
el o BErALOnS, STA TSN Lo Lhele o 03, ppsi L ons by wLLbe o Lhe
of 24 he \@iitinglihe bp&fee movement of pressure relief portions 668 of the vent units 662 and serves
to more uniformly distribute the bending forces applied to the hinge areas of the pressure relief
portions of the vent structures as those relief portions open and then return to their initial
positions. Elastic deformation of the spring steel vent membrane is greater with tubular backstop
686 than the upright backstops as, for example, shown in Figs. 10, 13, 15, and 21, thus increasing
30 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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bet ween the enbodi nent of vent apparatus 630, as shown in Figs. 22
and 23, an¥OXe8/B1398r previ ousl y-descri bed enbodi nent s RGI/E2€07/068669
provi sion of a tubular backstop 686 as a replacenment for the upright
backst ops 86, 186-586, inclusive. The,{ubul ar backstop 686 has a

2
shell 688 th base ségnent. 688a..,0 e ur ved
segnent s gg?b fl LH&%EIF%S Olfr‘ﬁl?lf TG 4 Bsé’gﬁla@%%flpg%gg%yaﬂﬁgﬁlms’ for
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t 8d.t ne
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separ ate portl OnS that abut” one another at the center of base
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i nar oi nt i s about 70 mm Backstop 686 i s secured to
flan‘ij/’ Oéﬁ%ed&%ﬂat%ﬁ} Sualiths preesureslied PetiPn ) 2 veH MBI fWing QpeipE 1adang
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unit 662 and a plate 654 resting agai nst base segnent 6 84.
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segment 6 g h
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appl i catsubﬂ‘uarallaﬂy ol pkaﬁarrmudlstoﬁ&ﬁcdnﬁgumemun|gaugarailyutla'smgwlamtgashlbeo the

baggstopVGGfSa e, The vent units 662 nay be constructed simlar to

any  one 0 \Pertk1 units 62, 162, 262, or 362. Opening and recl osing of

vent unit 662"hb5gehl§lell§aﬁﬁ§ulaﬁ véﬂneappa@ﬁat 7000 9fshble i@t higs. 2/49@6 MBS a

An advant age [Y g bul ar backstop 686 is that it provides a
conti nud{?gf?‘ﬁ? LrehFped g éccfud? ing @]Smp?rrﬁoizlaﬂﬁ’t‘fdﬁ@ bﬁﬁ@ﬁpﬁﬁoﬁf;\?éﬁ“éﬁ‘wm&lf

pressur enfaedaitebe Efbtiécle@ ']?011@518eﬂflosﬁﬁ%r%ﬁﬁvakﬁqb\ﬁef’pr@@gre%()&t S @Bﬁﬁﬁﬁl tn?en‘im:'i e

uni f or S_)/dlstl’l e the bending forces applied to the hinge areas

t he pres$dr Basy anjanulgpflangp sorotest pertige n{025t pojtary rvith g Ph@@éﬂl}’-émcéﬁd
popd i ong;Q Reh [ j 0§41 I

ot or ot o or AAL-BREhdEE) U fod Akl dakdeHooROThE e dBrich 8% b vons
backst o @pﬁ%&&uﬁ Fihis eduptedpo baﬁfﬁxnida;o Ketsopsuassquirarg pe&eatphéronmmmmrprmure
Fi gs. and 21. i ncreas O limtation and

absor pt i‘ S%ég?n uhahglgmﬁgﬁv%h ﬁlé‘fuw Vet %%gé‘h CSYUFHE pressure relief
portions of tIhe ﬁmmtmahbarcxourcﬁ cu@mheweradlppmtageeo @chides atdebethBY planar,
backstop 6 used for nore than one vent

unit, ﬁamﬁw hofigstA edﬁé‘tzl m{hﬂﬁng PRASE] apgHues HfSdorTeriung Ralneh
upes ght shac $beYor seVRiARB{REhRAPRIE1S M%%QQQJ F6ERED2a of coupling member 702.
A backstop 710 that is unitary with annular frame element 706, extends away from the plane of

element 706 at an angle of approximately 90° with respect to clement 706. Backstop 710 is of

similar construction to backstop 86 in that it has a central section 712 of generally planar
configuration unitary with opposed curved sections 714 and 716, respectively. A pair of braces

30 718 may be provided, if desired, between frame element 706 and the normally rear face of
curved section 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.



21 The vent structures of this invention are especially useful
inrelatively large sizes, for exanple fromabout 200 mm by 200 mmto
about 1500We0e022900 mm The vari ous enbodi ment s descrA0IAB2@MI68669
illustrated herein may fabricated to open at different overpressures.
For exanpl e, changing the type and thb kness of the materials
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apparatus 30. Similarly, the FEP, PTFE, or PFA strips and cover sheet of circular vent apparatus
700 1s preferably of the same thickness and material as the FEP, PTFE, or PFA and equivalent
components as described with respect to apparatus 30.

30 Although the preferred embodiment of vent apparatus 700 is 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



A circular vent unit 720 is interposed between the annular frane

el ement 706 and fl ange portion 702a of coupling nenber 702. Vent unit
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construction of vent apparatus 30. Accordingly, the spring steel
panel s are of the sane thickness and fabricated fromthe sanme type of
netals as the spring steel panels of apparatus 30. Simlarly, 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 equi val ent conponents as described with respect to
apparatus 30. 30Although 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
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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 condition. Wien an overpressure arises wthin an area
protected by circular 5 vent apparatus 700 that is sufficient to

di srupt dieAXM®: portions of panels 722 and 732 between adj acent slits
724 and 736 respectively, the pressure relief portions 727 and 735 of °
panel s 722 and 732 respectively, open imediately to relief the high

overpressure in it r d $ chefilal shwerhmtg aom Fig. 25
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its open position- ppsition’upon relief o
over pressure costhigiesnsteel springgi€etent apparatus of claim 1, wherein

said vent unit hag g300d 09 3hERLs BRUAIm 22Whet&h! B diffekée being at
least a part of between the yield point and tensile strength of the panel is no
more than about 30%.

5. The vent apparatus of claim 2, wherein the yield point
and tensile strength of the panel are at least about 1200
N/im? and about 1450 N/mm?, respectively.

6. The vent apparatus of claim 1, wherein said line of
weakness is defined by a series of spaced, end-to-end slits in
the vent unit. '

7. L'he vent apparatus of claim 6, wherein is provided a
sheet of synthetic resin material positioned against the vent
unit in closing relationship to said slits in the vent unit.



t he panel. 3. The vent apparatus of claim?2, wherein said panel is
of stainless steel spring steel. 4. The vent apparatus of claim 2,
wherein the difference between the yield point and tensile strength
of the panel is no nore than about 308§ 5. The vent apparat us of
claim2, wherein the yield point and tensile strength of the panel
are at |east about 1200 N mm and about 1450 N nm respectively. 6.
The vent apparatus of claim1l, wherein said |ine of weakness is
defined by a series of spaced, end-to-end slits in the vent unit.

7. The vent apparatus of claim6, wherein is provided a sheet of
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of weakness is ClGREmeeensappartinef claindgwhereia st VRIS IEe opposed
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pl anar sectl on %Hrﬁi gékﬁgsadj acent the vent
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12. The vent apaasarsely ofuniedi sedjonvesijaient stied vbat Rstibpands an
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figuration of the pressure relief portion of the vent unit.
13. 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, and
wherein said vent structure includes a frame member adapted
to be positioned in alignment with the vent aperture, said
transversely curved section of the backstop being unitary with
the frame member.
14. Vent apparatus for protecting a confined space having a
vent aperture for relief of an overpressure condition, said vent
apparatus comprising;
vent structure including a vent unit adapted to be posi-
tioned over the vent aperture in normal closing relation-
ship thereto, said structure being provided with a mov-
able pressure relief portion héving an initial closed
position across the vent aperture and movable to an open



14. Vent apparatus for protecting a confined space having a vent
aperture for relief of an overpressure condition, said vent apparatus
conprising: vent structure including a vent unit adapted to be

posi ti oned over the vent aperture in26ormal closing relationship
thereto, said structure being provided with a novabl e pressure relief
portion having an initial closed position across the vent aperture
and novable to an open 26 position extending away fromthe vent
aperture when a predeterm ned overpressure:-in the confined space is
applied against the relief portion of the vent unit through the vent
aperture, said vent unit incl.u al i of su | osed
conponents, one oP%ﬁi%%‘ﬁ’EﬁL‘ﬁ ‘g’lyb%'BH h&‘éﬁ'ﬁ‘%{ g@f%@ J[r.Jp)gi‘nel
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vent apparatus of claint 14, 0 fEreirfdaid panel and
the sheet are provided with a series of spaced, end-to-end slits
defining respective lines of weakness, and said vent unit
includes a sheet of synthetic resin material overlying and
closing said slits in the panel and the sheet.

16. The vent apparatus of claim 14, wherein is provided a
pair of said metal sheets having lines of weakness therein and
located on opposite sides of the spring steel panel.

17. Vent apparatus for protecting a confined space having a
vent aperture for relief of an overpressure condition, said vent
apparatus comprising:..

vent structure including a vent unit adapted to be posi-

tioned over the vent aperture in normal closing relation-
ship thereto, said structure being provided with a mov-
able pressure relief portion having an initial closed
position across the vent aperture and movable to an open



position extending away fromthe vent aperture when a predeterm ned
overpressure in the confined space is applied against the relief
portion of the vent unit through the vent, said vent unit including a
plurality of superinposed nmetal conpopénts, two of said conponents
each being a spring steel panel provided with aligned |ines of
weakness defined by a series of spaced, end-to-end slits in
respective panels, said slits in the conponents cooperatively
defining said pressure relief portion of the vent unit, and at | east
one sheet of synthetic resin material interposed between said panels
in closing relatippsition ddeiidiag sidysfrom epamedpecnpondens; and a
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ship thereto, said structure being provided v.vith a mov-

able pressure relief portion having an initial closed

position across the vent aperture and movable to an open

position extending away from the vent aperture when.a

predetermined overpressure in the conﬁned_ space is

applicd against the relief portion of the vent unit through

the vent aperture; and

abackstop disposed ina selected position to be engaged by

and to arrest movement of the pressure relief portion of

the vent unit during opening thereof to an extent that the

modulus of elasticity of the movable pressure relief por-



19. Vent apparatus for protecting a confined space having a vent
aperture for relief of an overpressure condition, said vent apparatus
conprising: vent structure including a vent unit adapted to be

posi tioned over the vent aperture in 2®rmal closing relationship
thereto, said structure being provided with a novabl e pressure relief
portion having an initial closed position across the vent aperture
and novabl e to an open position extending away fromthe vent aperture
when a predeternm ned overpressure in the confined space is applied
against the relief portion of the vent unit through the vent

aperture, said ventionns tnot exceeddry sa1d3|buéladtbp>be@ﬁ @%ngnésed
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tensile strength of the spring steel panel, and a sheet of
synthetic resin material positioned against the panel and
said metal sheets in closing relationship to said slits in
the panel and said metal sheets; and

»  abackstop disposed in a selected position to be engaged by



a backstop disposed in a selected position to be engaged by and to.
arrest novenent of the pressure. relief portion of. the vent unit
during opening thereof to an extent that the nodulus of elasticity of
t he nmovabl e pressure relief portion iggonot exceeded, said backstop
bei ng operable to absorb and di ssipate kinetic energy in the novable
pressure relief portion as it engages the backstop, said relief
portion of the vent apparatus having a sufficient nodul us of
resilience and elasticity to cause the relief portion to return from
its open position to its initial position upon relief of the
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position upon relief of the overpressure condition.




nodul us of elasticity of the novable pressure relief portion is not
exceeded, said backstop being operable to absorb and di ssipate
kinetic energy in the novable pressure relief portion as it engages

t he backstop, said. backstop.. being.3®f tubular configuration having
a curved segnent presenting a curvilinear outer surface positioned to
limt nmovenment of the relief portion of the vent unit to said

sel ected open position, said relief portion of the vent apparatus
having a sufficient nodulus of resilience and elasticity to cause the
relief portion to return fromits open position to its initial

posi tion upon rgiiVanteppateuoieppoRetinga confided spave havigBa The vent
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condi tion, said vapyileagpanat lse whehpostioigef thefveateiatiwenphy; and 32
vent structure nq%@t@qjltg efthe,frame assenbl y and adapted to be
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pressure relief psg ?lBﬁ 5@?#@ 4 Hift Sse Pg ﬁ%@%%% ng acr oss
the vent aperture? gJﬁHleF fi’é"fﬁspé? BT IRES glaeaty agd| i ne of
weakness in the vend staniless staebipdne havingsesdriss (bfrﬂqalagdﬁl,rﬂglda backst op
unit disposed in t@-aed elitsedeflosp iegpective i g nfagesainssasaldt o arr est
movenent of the pRESSHE edalhb&! RO gsms% sfeiahﬂ&ﬂr st aflar i ng

openi ng t her eof tﬁ tt@eﬁtpah Plr)elhE i &éeigle ealgb y of the

novabl e pressure Te stop bei ng
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pressure relief piesil sheedposilioneddgelisporilion clesing hesslilg 1Backst op
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26, wherein said parmipaimdsenbly, the vent structure rmunt ed t hereon,

the vent unit, abdckdiepdagiostoin apélecooidomnb leangmgbd pyr ect angul ar

configuration.  andtg arrest movement of the pressure relief portion of
the vent unit during opening thereof'to an extent that the
modulus of elasticity of the movable pressure relief por-
tion is not exceeded, said backstop being operable to
absorb and dissipate kinetic energy in the movable pres-
sure relief portion as it engages the backstop,

said relief portion of the vent apparatus having a sufficient

modulus of resilience and elasticity to cause the relief
portion to return from its open position to its initial
position upon relief of the overpressure condition.



28. The vent apparatus of claim 26, wherein said frame assenbly, the
vent structure nounted thereon, the vent unit, and the backstop'unit
are all of generally circular configuration. 29. The vent apparatus
of claim 26, wherein is provided a geperally flexible gasket
configured to seal the perineter of the vent unit when the latter is
in normal dosing relationship to the vent aperture. 30. Vent
apparatus for protecting a confined space having a vent aperture for
relief of an overpressure condition, said vent apparatus conpri sing:
a frame assenbly; vent structure nounted on the frame assenbly and

adapted to be posptvanespavais fdigroedi drfiredispacohadhga osi ng 33
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osition fromits opep,position . reli f sure
Eondi tion in said E‘mlﬁ%‘#@ﬁﬁt& 1of .Al? %bl\glg %Jggfo l\aﬁeﬁ%ﬁgﬁof claim
31, wherein said | fif8 isfnctemicseded; saiddmackery lélgs‘t%?qr@ %P spaced,
end-to-end slits i absdrd ametcdibsiphiedtinetic @aergyhe themovaplsagsus of
claim 32, wherein gnghedief pbritomabétérgapesiire badkstoml i s positioned
agai nst the met ak,shegtidiBp ChOBENSS tEbalal Ctsfighritos dladisg id s in the
metal sheet. curved segment presenting a curvilinear outer surface
positioped to limit movement of the relief portion of the
vent unit to said selected open position,
said relief portion of the vent apparatus having a sufficient
modulus of resilience and elasticity to cause the relief
portion to return from its open position to its initial
position upon relief of the overpressure condition.
23. The vent apparatus of claim 22, wherein said curved
segment of the tubular backstop has a curvilinear outer sur-
face portion of greater curvature adjacent the relief portion of
the stainless steel panel than an adjacent curvilinear outer
surface portion of the tubular backstop.
24. The vent apparatus of claim 22, wherein said tubular
backstop is of generally oval shape tranéversely thereof.
25. The vent apparatus of claim 22, wherein said tubular
backstop has openings therein providing access to connectors
for affixing the backstop in predetermined disposition with
respect to the pressure relief portion of the spring steel panel.
26. Vent apparatus for protecting a confined space having a
vent aperture for relief of an overpressure condition, said vent
apparatus comprising:
a frame assembly; and
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vent structure mounted on the frame assembly and adapted
to be positioned over the vent aperture in normal closing
relationship thereto, said structure including a vent unit
provided with a movable pressure relief portion having
an initial position extending across the vent aperture,
said relief portion being defined by a line of weakness in
the vent unit,
said frame assembly including a backstop unit disposed in
a selected position to be engaged by and to arrest move-
ment of the pressure relief portion of the vent unit during
opening thereof'to an extent that the modulus of elastic-
ity of the movable pressure relief portion is not
exceeded, said backstop being operable to“absorb and
dissipale kinetic energy in the movable pressure relief
portion as 1t engages the backstop, said backstop unit
further including a transversely curved section that
merges into and becomes a part of the frame assembly,

said relief portion of the vent apparatus having a sufficient
modulus of resilience and elasticity to cause the relief
portion to return to its initial position {rom its open
position upon reliefof'the overpressure condition in said
confined space. ’

27. The vent apparatus of claim 26, wherein said frame
assembly, the vent structure mounted thereon, the vent unit,
and the backstop unit are all of generally rectangular configu-
ration.

28. The vent apparatus of claim 26, wherein said frame
assembly, the vent structure mounted thereon, the vent unit,
and the backstop unit are all of gencrally circular configura-
tion.

29. The vent apparatus of claim 26, wherein is provided a
generally flexible gasket configured to seal the perimeter of
the vent unit when the latter is in normal closing relationship
to the vent aperture. .

30. Vent apparatus for protecting a confined space having a
vent aperture for relief of an overpressure condition, said vent
apparatus comprising;

a frame assembly;

vent structure mounted on the frame assembly and adapted

to be positioned over the vent aperture in normal closing
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31. Vent apparatus for protecting a confined space having a
vent aperture forrelief of an overpressure condition, said vent
apparatus comprising:

vent structure adapted to be positioned over the vent aper-
ture in normal closing relationship thereto, said structure
including a vent unit having a metal sheet provided with
a movable pressure relief portion having an initial posi-
tion extending across the vent aperture, said relief por-
tion being defined by a line of weakness in the metal
sheet;

a backstop for arresting movement of the relief portion of
the metal sheet to a selected open position extending
away from the vent aperture when a predetermined over-
pressure in the confined space is applied against the
relief portion through the vent aperture; and

a series of spring steel leaves engaging the metal sheet, sajd
leaves undergoing bending during opening of the relief
portion of the metal sheet, each of said spring steel
leaves having a sufficient modulus of resilience and elas-
ticity 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.

32. The vent apparatus of claim 31, wherein said line of
weakness 1s defined by a serics of spaced, end-to-end slits in
the metal sheet.

33. The vent apparatus of claim 32, wherein a sheet of
synthetic resin material is positioned against the metal sheet
in closing relationship to said slits in the metal sheet.



