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PRESSURE RELI EF DEVI CE W TH | NCREASED FLOW RATE
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON The
WO pwsosi70mn rel ates generally to pressure reli ePCTHES100€644067

for large, power distribution equipnment such as
transforners and switches of the type that are filled
with a dielectric oil or the |like and which, when a
fault occurs, are subject to damage caused by

i ncreased pressure. DESCRI PTI ON OF RELATED ART
Pressure relief devices, commonly referred to as PRDs,
must quickly relieve the increased pressure that can
ac cunulpRESSURHRES TPE D FACEWVITHINSREA SEB GHOWRATE

di stribution equi pnent by allowi ng |arge quantities of
potentially very hot fluids to escape fromthe

' [N i The devi ces nust respond

B4§¢fﬁgﬁiﬂQ<R€G§H§B§Vﬁw%ﬁﬁN¢h the equi pnent is

contai ned rupture and in so responding allow a

sufficient amount of fluid to be discharged in a
F@h@f@%fraﬁwgﬂgwl\}amunt of tinme to prevent damage,

all while, preferably, discharging the fluid in a

manner where it will naot cause injury or damage to

per sdwsdnymtien iglaise gencralbydo daessis §@hq;y SVIPEIH{OE SIS power

. o r j [ [ t.hi .
G RS Sl B85 B IRE L RAELE s g e it
diclbatriaoil er thetlike.andiérnich, ivehep nemdtiours) atehsabjeotisi dagnage caused by
. increases to a predeterm ned threshold | evel requiring
m‘irS‘T‘siegPFeS%}“P'i rst val ve opens. The rel ease of pressure

through the first valve opens a second interconnected

DESCNRPTION OR REasathe gtfect of further opening the
first valve to discharge fluid fromthe housing at a

hi gher rate. The second val ve, which operates once the

fI T Sredle\BlidfR1cREE @EmnidrdftdfeAREIB s PRTR, hﬁl‘é@ﬁuick_ll% relieve the
pressure than required to open the first valve. e

in¢reaved prasas's thaé caparcamutyge hausioge cortinmgoiich Plectsisglohigiribution
val ve together with its. physical .associatjon wth the
cappis bk e doili S BYSERAR YRR Bt Piokdipt opm the
hoVigin¥€inv hSft tAA] Tie davidek Aludt foRforid HeSdre Viad NsusRIRE th #AIchahe
| onger period of timeuntil the pressure in the housin

equipmgat is cgatagiedrptureandsn6p sesper(ling aldpw o suliségt agoppfeof tluid to
betdéécgérg\‘é/@ (ﬁﬁé& F\l}\?&%ﬂﬁ?gh&p?ﬂ@l%uﬁ %f%@lesto b?ev@ﬁﬁ?%%éei&l?@hﬂé

eren Ze val ve-openin
préferably, disalk@gingttie flald iv alnvamepehérs gt Wil icaisednjory br damage to

first seal circunscribing a

persons or equipment located close by.

Typically, pressure relief devices of type to which this inx}ention is addressed have
a two-stage operating characteristic. When the pressure in the housing increases to a
predetermined threshold level requiring relief, a first valve opens. The release of pressure
through the first valve opens a second interconnected valve, which has the effect of further
opening the first valve to discharge fluid from the housing at a higher rate. The second
valve, which operates once the first valve is opened, itself opens at a lower pressure than
required to open the first valve. The lower pressure operating characteristic of the second
valve together with its physical association with the first valve enables the second valve to

open the first valve wider and to maintain the first valve open for a longer period of time
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first area and a second-stage external valve opening
associated with a second seal circunscribing a second
WO 2008060720 ea. The first-stage internal val ve opPEnUSZY04/8144067
formed by an exit opening through a tubular coll ar
aligned with a vent opening in the housing. The
second- st age external valve opening is forned on a
unfiethe phasat iisthethaasingfs wélkbdlowuhathreshbldatquifedpoebpadiesithe first
oppet in the formof a disk engages both seals. An
Va@Rdf ace of the valve di sk engages the first seal wth
a preload force produced by a conpression spring. A
depesidi g ﬁKJlleEh fhis & ra‘t@c 1168edHsh pRRSASRR dlh%re%?ﬁ%‘dalve
seal with a sliding f en the product of the
OpEINings arfestrsﬁageheteh@bsalmg opqnmaashraaﬁed math afitshseekeiz@aiscribing a
ﬁrit%gef\%ﬁ\fos%gﬁ)% gtgge%egc)ége}*é%l\e;/%lv ogﬁming aﬁ@&?eé{s xglgﬂ] # SgcronH%eaﬁ
cirO@Rsribing $secbhd Bigeratess THOTES-dthiR ihickhll v¥ab ¥Perlifg is formed by an
opened, an enlarged area_of the val ve disk

exit opeRinp Bremsine whlleneollns ebgrpdavisha ventopsaingdn the hopging. The
secg)ﬁlg%zdge%g e?l%% gg]ﬁ,g E}Eéﬂlﬂ is fgﬁﬁeé & %? n@@'[é?ﬂ%ﬁﬁgceb&f &fl@ﬁlbular collar.

pressuar e e second area
A prldaded)popgehanthe Ifmmasﬁnaddxslt emgagéehboth Qeds. ngn phdfasaioBthe valve disk

tinmes the fi are aratio the two areas
enggges fhe f&s %{\ifgh W@%ﬁﬂ?&%@f?@w byrReompressionsgrig A depending
skt fithe 'ilal% ark %ﬁ%a'%eg ffe s¢adnttsetl v%fffh %@fldlﬁg%@' Bheh e product of the

second ve and Tor opening the first val ve even
prewsute in tHedtousmgltves theer ﬁrsbgreaq extenil il preloa ﬁpmeodxle;ted by the

CopBarG Siits U e Yol B e i Cis ptacER Ky WeSing ghe first

vaRRC Q)}iée‘ﬂ% ﬁl@t %@@is'o‘,be@ﬂc 818 69l af oSl GReadT thyvavd disk 8érr&bonding to
two) the preload force |rrparted by the conpression

thesgeepndjarge 1 gxposddde dep mgsﬂure: iprike bousinge Thel fores geprmisd piydhe
prcﬁ%lcpgfetﬂe ?xﬁﬁs?n%?r%ss%ae {n ﬁ% seco%ld atgi§ larﬁ%ﬂﬁ?nnﬁl% tr&ﬂr%t of the

anges conventi on

hopsihg predsiat tibek tie ﬁrwatr@albﬁ b Bgict $Fehy B arefs Whi@Sis rtypléamsgr around 2
housi ngs. The arrangenment of such bolts i.s nore

to ledde é%faﬁc@?‘?&lf%’@éerldﬂﬁpi%és ths yabierdiskaton operies bs Sﬁcond valve and for
oG5 A0 10 8 0B 00l D e e
forshigeterbted ibgt t]nmapphbmnmdfr}mughg pi'ESSLE?RBver'IThe lan@meccmg area of the

soRS A oA Br G OTE (ST EREY Ot o) BRgBeibBt e mmparted by the

coPHELTE sprifhE atiRE 51'05’&1 Isffonk 8f ﬁﬁf\‘a%g bet ween effective
i nner and outer diameters that ensure a nini num

cl earance for boltln%@the mounting flange to the
housHRd?gs argmeounigdiingg theslactiical hpusingsvamganounting flanges that are

he fi | n
o BT} o el AT OL B0 Vb BB
hougihy® Hmeeﬁmgemsﬁt@f@@cﬂsbcﬂfsdmﬁob@oﬁ lbmdwdiivdﬁn tieindustry and
. inner dianeter of the working area. Thus,
imposes a limitation on the configuration of the PRD, which has, as W111 be described

below, restricted the rate at which fluid may flow through the PRD.

The mounting flange has an annular working area that provides clearance for
bolting the mounting flange to the housing. The working area is defined between effective
inner and outer diameters that ensure a minimum clearance for bolting the mounting flange

to the housing. The tubular collar, which has an inner diameter set by the first-stage
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i nner dianeter of the working area of the flange

determ nes the maxi num si ze of the outer dianmeter of
wo b@sweatyad ar col |l ar and t he second- st age ext er PEl/USBNY@14067

opening. The first-stage internal valve opening is

required to be proportionally smaller in dianeter to

provide the difference between the first and second
intarmabsalve opénigglarfdn duber dimsétercstt bywhesicagel-stpgy eadtd:mai valite

is the size of the firs ea th t detern1nes th
OPFYRERIRICAISSEMA ngj’et%\n&? Bt g gt Rianiskgs Of Vo Pipe arca. Thus, the
o e FROSE kb BNk gt LGBl Sie Badin e of the outer
diwm@ar affthe¢ tubufalr anlgim aad the(syondrgiaganxttreal @ilwamcmemnga [The first-stage

ui red I

ingigl 1S Bpdiol tsuEqhited i bt RiobhaR PR Sl diamter g grgyide the

différenddWetwéen 0¥ &ndtlagd @écoﬁd BREY fegRired &t dosee@tw6-Biab€Bperation.
designs is shown in FIG 1. The illustrated PRD 10 is

It isdhmsieciobile first ayearihatsistenmings the maxignnedisehargergie through the PRD,
w84 RS BTS00 it Bl 390 it oA

didifetbiesf the warhg area 0o thcl g ga aed(b) thalfifhoediapetrivebrduction

i nner_and outer dlaneterg 22 and . 24 occupi ed by the
regufeddongvossiasaeReraioRagriticpntlyrerbiiots orapipymelletgsie Srough the
pRiSquired to attach the flange 16 to the housing 12. A

tubular collar 30 forned integrally with the flange 16

has a first-stage internal valve opening 32 near an

i nnekmesmple afre PRID Bdreséntative dfiwbtrenirdesight srshg@namblG. 1. The

BB 52 O P PGPS0 3t rovsivg

1204it1eh MRAse T8 BEPis@Ecuddd Rfthé ReusinddLd BY a eRble A bSks 18/\hmemange 16
i ncludes the second-stage external valve opening

hap gn ppdaegorkingaren 26 defined betwaenlinear and gutpr fhﬁ@leteﬁ:h%% and 24

oc?fg?lg% Bz Ehezl?oltgf Stagg ax\? rz}éélﬁgs & o%ﬁ‘erzfgstgx]; né Qf%nfﬁ%%ﬁgcﬁﬁéeﬁ tt% ézttach the

reserving earance requi

D146 the Holuang a0siAngbdiar esdlango tf&ﬁaeddﬂwgmw@ﬂ&i thb Olafige 16 has a
pattern. qe i nnernost_di anet.er 34 of the tubul a
ﬁfé‘o"rtﬁ%ﬁ intgpnal yalys 9ReHNg £ 2 BB PNpRETTIOPtiampigh ¢ P?ﬁhé .tlﬁ%wlar collar 30

an‘g%'al SP% hd) Qtag%eﬁt%hl dﬁvé\?ﬁ%ﬁﬁ%@d oY gf&\f}gﬁ%ést @idlelef 38 of the

an t secon tern ve openi ng
tuBfat e!llsup@olThe oiterndess draﬁrd:tdr\aé -of t]mjnbuipeccﬂtar 80, wikclincludes the

t t PRD 1
sef o SR LA AR TPB el SpRHBIEES {trele SEBHG e fnner
dlﬁlﬁ&eif INEF ﬂﬁ@%&orﬁ‘l‘ng %%a@ro o¥ihflarigRa 6t BPpleddrv g|th@éle§rgnce required

hin the tubular collar 30 i's a throat 40 having an
foemouamtham e on the hoysingd 3tusimgdhe pepventional belgpattern. The

1n1}1q$#n2>:s tg??lg ggagﬁ%%arac%hgrcﬁp is oogst}llgt%dfb tﬁe fifd &%&e internal

valve opening 32 that is necessarily proportionally smaller than the second-stage external

valve opening 36 to support the desired two-stage operation. Flow rates through the PRD
10 are limited by the first-stage internal valve opening 32 that constricts the innermost

diameter 34 of the tubular collar 30.

Within the tubular collar 30 is a throat 40 having an entrance adjacent to the vent
opening 14 in the housing 12 and an exit adjacent to the first-stage internal valve opening
32. At its entrance, the throat diameter 42 is as least as large as the diameter 44 of the vent

opening 14 and is limited only by the inner diameter 22 of the working area 20 of the
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32. At its entrance, the throat dianeter 42 is as
| east as large as the dianeter 44 of the vent opening
waooanad7ee | imited only by the inner dianeter PCT/UB20051@14067
wor ki ng area 20 of theflange 16 and the thickness of
the tubular collar 30. At its exit, the throat
di anmeter 46, which corresponds to the innernost
fladga b tumd th84hiokndshk ef thebubudar cotihd 3. AROits éxdt, gieghidat diamictey 46,

Il er than the di aneter 44 he vent opening 14 ..n
WIRTTeeqaROT ta AR S pneeusbgt RS s igniCanty
sial1ESthar® {RABath &EL4DN 8 th¥ Q’Eﬂ’t%p@)ﬁl'ﬁg 106y 8% ho‘ﬁgihg fib'agh é{/ llh?ir’]l’gd by the

.rates through the tubular Collar 30 are reduce
sizgiof ther fanseegagreinivenal valve opeing 32.e Patedtiabflaw ditesthtomgh theubular

nd, 46 of, the. thro 40 agr .at least. by the differenc
oo i385 FdneOE bl srBireriBocferBhen' (8 Rbeaiibe i g ot i 42 and 46
of it@LtEtdag4@0elatt1bsst by Hid EferRNéd betvadrethe dihtet&f 44 dTahd é@dpening 14
e., the innernost dianeter of the tubular collar

40 (i .
in ﬁmh.(oluﬁing rad the lapiedenit Gamptepiefl thgtlroat 40} (e the ipaermost diameter

' ive pressure relief operations for
Ofe eecftn?ilglg%ﬁfaégsl'pnent housi ngs, it can be readily be

appreci ated by reference to FIG 1 that the size of
t he Alihosgh somgatiomt @R havey foemapg pearg pdvideeffesivapressure

ne : : | A nvep
el Dok 7 leB aChontinob el Mo b Fhy b iatinGa by
refeReaBe t¥€Id. i1hit theBOS 8B Yirdther et likiernaf vm@olyeﬂnm%?zsﬁ@rda& a limit

14 in the housing 12. Accordingly, to achieve o
onfthougty aitvdycle Smidemey flavdhmpighhthelpeessieaelidf demise wadthat this limit is

ings.in. electrical equi nt _housin arger. size
toRRaBA 3 o Esel b Pl A GREE Mt OB B8 @G ing 12
Accbaigds, tbachibee Righet fldve flteshrihdi@8ratedwk GRNizd S RRS Wi openings
relief devices having larger footprints (i. ange

e., fl
in glegtispleaoyipmeyt fusiags; hrgps sise RRDS e Sean reauirest, morigh igvolve

o RSB e LSS SNt i
fodtponts (g efl preesiametensk | High cdsty geegal(yPakg sueh rétrd fitp prohibitively
that can be used to relieve pressure in electrical

SXRGEYSnent housi ngs wi t hout increasing the footprint
required to nount the devices on the housings. One or

BRIBFSTAMRLAR YeOk THE INVENITTYgNt i on provi de i nproved
pressure relief devices (PRDs) that achi eve higher

flow rates commensurate with the size of the vent

OpeMIP A ehiforElnefdabdsFw ﬁ@ééit%ﬁglté g?&r’-:;s‘tggél?ﬁegs@f gé\}vﬁg ?\Wié’es (PRDs)

t hese” new PRDs do not further
of ftyriedbatfoan e tukerd tocekewegsesamy inmeleetrichlbayuipgmeent bstsingst without

inciﬁ%gfgﬁgg ?c%’q@?ﬁcg?@éﬁed% n}otl]n%t tY1§ r&gviggsegni t?lg %oilsr}nésh 8ne or more
embodiments of the invention provide improved pressure relief devices (PRDs) that
achieve higher flow rates commensurate with the size of the vent openings in electrical
equipment housings. Preferably, these new PRDs do not further restrict the flow of fluids
from the housings any more than the restriction imposed by the size of the vent openings in

the housings themselves.

A PRD in accordance with the invention can have a first-stage internal valve
opening that is substantially the same size as the vent opening in a conventional electrical

housing and a second-stage external valve opening that overlaps the working area of the
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A PRD in accordance with the invention can have a
first-stage internal valve opening that is

wamsienTeo al |y t he sanme size as the vent openi PQI/US2084/044067
conventional electrical housing and a second-stage
external val ve opening that overlaps the working area
of thenmounting flange without interfering with the

moahfidCaRBtwitfout hRerfdraipamitf e biischeleae bf thedlanpetsthoglectrical
using_ a conventional circle of bolts. The first an

d .
houséngoingsa eqye enipendl pgele pEhelis The fstand segondrageepgninggremain at

st G301 50 PP S s 5500 e 18y 3 i oy

distieugihg fluids frong ey hdulsimg at highar. flobh vges. tTimssthe sembndtstage external
external, val ve openi is no_longer Ljmted b he

velih PRI I8 @AURAC LB e HOR g oF iR P g flange, and the

ﬁrsft.is{age irterAgeylvY sﬁeﬁaﬁic% M4Ab¥ QiR BNEMIE AR AfredigBbhet OF the vent
exploit the entire dianeter of the vent opening in the

opatieginrthe electicaliangingTdgeaethes theshiverchapgescdnahlsess08h abhigher
. a 50% or higher i ease L0 flow rates through the new
INCEGRE 1N t&%raé%aﬁﬁ?%gﬂg eﬁevﬁg#ﬁRD for mounting on an

el ectrical equi pnment housing over a vent opening

i ncDud egardpBWhinRivePBD dgemvalting dnawi dlgtieical alvipmenidhiousing over
wth a throat alignable with the vent _ opening for )
a ventepeaingiRgudss @ multiplstagsealys heving 2 valvq badyevidhp preat glignable

L
bodyfok inmginting éheadidy wdlyton thebaising dvas theniengomnange rfls flamge has a

t.t achi the fl to the.h i pg. . A.pedestal f .
WoFHing R SURED I R BIRE LSRG RY FAIETHEE tBnge Rt Housing
A éé@l@&talﬁ%hﬁé@f? B Qflatl‘(l@ |b¥$§}é g«ﬂgéénf"{oocﬁg flbh& Ea{é ra‘r:]}fﬁ ght fhak 8RteBds the

ornmed in the valve bo on the pedeSta as a
valye bpdpaleng thehroakt Artalse farmed dn the vabybody ourile pétisstal has a

t hr oa verh i ng the, worKki rea of .the. flange...The
peftiieb el fionRafs Revs Hrgtold i Flertsh v BV GHlE fea of
theP@nleh OThe tabld@iphaRs thetlliagbr SMRORARGDPEhiR YOI K ipbgioardFahe table

of the flange so that both val ve openi ngs can be sized

that aueshengsdhe Working atga ofitheflange sg bt gth vpkveppgpes ¢apbe sized

. e ] t t _ .

i PRblAhAL BP0 AhHB O At Pl et
valy¢eThahgighgofithe pedustabprovites tirblagcabetwtretheoykihaggiag partion of

of the flange. sufficjient to avpi.d interferi Wth the |
thetableiapd thsrWouking 3iss ehihe @alégeewéﬁﬁlgntrta PV%lfltuateﬁ?%g ik the receipt

ofiﬂe%ﬁx}ihggfreg{%n&%ﬁéﬁb&gg el BLARIY thd RRisfbange has an

annu ng area ween I hner and outer dianeters
circunscri bing the intended | ocation of the fastening
el eResfersblyy theaflange hasign aralaf Mok g arsathietw ¢emunngrgnd Onter

oS RSB SraoR EL IR gt gne o
flah§toths BOMIGE Ohe bf e twd KEINRE bpéhitidyi9Bief@rbbly a first-stage valve
opening formed on the valve body for regulating the discharge of fluid from the throat of
the valve body, and the other of the two valve openings is preferably a second-stage valve
opening formed on the valve body for regulating the discharge of fluid from the first-stage
valve opening. The second-stage valve opening has an effective diameter that is larger
than an effective diameter of the first-stage valve opening in accordance with a
predetermined ratio. The larger second-stage valve opening, which is supported on the

table, is spaced apart from the flange along the throat of the valve body by the pedestal.
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the val ve body, and the other of the two valve
openings is preferably a second-stage val ve openi ng

wo eooseed7em t he val ve body for regul ating the dPET/S200€044067
of fluid fromthe first-stage val ve opening. The
second- st age val ve opening has an effective dianeter
that is larger than an effective dianeter of the

Thé ieffsdtrvstd&gmetmaha eeampém’targg vhlve apeningl exxeedsiht inreer dlameter of the

pr.edet er ratio. The | arger. second-stage val
woglHBHAYSg Of i ffaﬁlgp §°rsfi§‘6 & A et t{‘ﬁéh%ﬁﬁreofatﬁ% figsh stégq valve to be
opglﬂgifﬁ o c?%@ga%z%ée gtéig,fﬂ?o_lzﬁ(lte fuglggl g g?dgge%{ oé?tﬁ@ s&t8hd8tage valve
op@nng)frdmstha Qengabmmdepelnamgce@l@@tﬁs valive body b aqstﬁarth@ mtended
rea of. the e lin

locgfip o dbefini Aamenf fonl e PAGnR |G Dol o

optim zed for discharging fluid fromthe housing. The

Spaqhs geddstal fiait SEEROM[-thd Agetathedalslp @oition d‘frtmalhebody

fl ange provides, cl earance along the val ve body
prefereblydias e opisr disenstrr that it wishin she Rer digpeien Pﬁtjlewgh@ﬁtaéea In

I
cof gBRATERLAS | RubldNat} ek BNy T BPRURG] Bt
maxahwe doterpsfahe sabhy- siags vawe opdnamg. dil aweveey intdeatrdarsce with the

. wthin the inner .diapeter, o hevvok|n area, |
invegfions fg Bsigptal Rgriigr of g V@Hgfbpﬁ-‘épw & locafing fhg second-
staﬁ@lviﬂ%e Gﬁéﬁiné B‘n t Rdbie f)@lﬁbﬁ’ of fh@%lv%%dﬂl RRpHREA BMAY the throat of the
I amet er of the second-stage val ve openln However ,
vaiva bady tr praseree thietrequited claavesne mothe Vtcmlt}p@fd swrklpg Arep ofi the

.e bod rovi des su | ocatin

fsBes e FRplSg SR BR8P FIGE s OB Rlnsp o2y PG o} e arger
thandthy fineP@¥metcs Bk&ﬁeﬁmﬁh@%eat he t hroat of the valve

body to preserve the required clearance in the

vicinity of the working area of the flange whi

enadibe rﬁajﬂ@ Rtign gihesralsrbody prefergblydnelpdese Qpéla\r/ t=,hat supports first
o R et B R Pl e a8 oo ORIV SFIRE, B first sl
asqocteelraitih ﬂlelfnsd-s]maavamiehmg cirthahs@ibepan irfterﬁlal' \szﬂvaaaspzbnmg

second s t hat cribe the fjrst
o g S fBre b Eiregen Of e throp L abaPollc og heopgurtuce
of M tBbibN&nt k&cdha 8¢ 9§so¥ﬁte\dew1ﬁpﬁl@ 's&g)nﬁlsrta@é RBgel ok}b%ﬁlng Rircumscribes

i nternal val ve opening through the col lar forned
anteh@maﬂl velve eptiing faymetl log atperipbaraloudfachef tholcpBar. (ﬁoﬂn mls are

f.th abl Ih d I
en A B A B PP e g VA L R R e R R R 4
defetid@ig it Yo eylga% AE Het@cdrdl FRATRE ﬁ?st-@ﬁtgé @mﬁﬁ;breﬁmmﬁ@@ axial seal
of the collar oth seals are engage pr el oaded

thas dpesaepreesed Ry an agiabbiaping Soreoapndie Avg.th@pqnp@t lea%Stec%hﬁtage seal

is @%%r@:l? gg)gﬂg)lxé}gl Séglla 51; }Iag B eE%‘?gl%&gtygp %g%&fﬁ@s A % Rel?pheral rim

of itlfe RDHPY; eﬂspmdeﬁeymﬁmd aangalof bopgsk ﬂ@tlbﬁ iceqaipgl {oatisdagagene open

oppet. The second-stage sea
thep se%gnd-stage seal. The purposegof the second-stage seal is not to confine fluid within

JIL

the electrical equipment housing, but to provide for more rapidly and widely opening the

poppet once the threshold pressure for opening the first-stage seal has been reached.

Preferably, the poppet is preloaded by a compression spring that biases the poppet
into engagement with both seals. The table also preferably includes posts or other axial

supports for mounting a lid that compresses the compression spring for forcing the valve
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is preferably a peripheral seal that has a w per-bl ade
type engagenent with a peripheral rimof the poppet. A
wEe@deseeom ned range of poppet notion i s requi PEHUSIH4/044067
di sengage or open the second-stage seal. The purpose
of the second-stage seal is not to confine fluid
within the electrical equi pnent housing, but to
popipedritd engagemmrmth dp wuoyseais.d The Heiglt quthmpmsg]s isiset toopgietain a

once t threshal d pr far.o
DrodplegInee SER i DGO OB 14 POy h o dpired preoad of
hPQRSEssich PprigkO8HRE tYsuBp SR RORI AN e HRY tab, thB3fipports do not
t [ asessst hedB hp i nt osugngagerrgﬁt Wi ?h bot h seal s Pe 'IS'h((e)n
1ntb]éb16@v1ﬁ1®owlehglaeﬂalofthmﬂangées posts or other axial
supports for nounting a lid that conpresses the

ComR R B e 25 Bt MERBBRRE AL e

togeShed @shthttﬁe naiigiles preferpile déipedionagusep pelqthem‘l shmld/mmm)undmg
the table and the |id associ at.ed esir

thePe-8age wive: h@edtﬁ%h@@kﬂbﬂd%ﬁ’wﬁﬁmﬁ@m&%gﬂﬁ’@% ﬂﬁﬁabl? gnd the lid -
t
oo R a Aok 61 4 @RHBrecifo Bl {BRELAZ SORR] IO PACL9 Hom the
prasuredelicfdtiing firefociblyilsgraiphen! shiddit trpturabbsiivege ihe table and
he tabl e taogeth th t [id i |
e e pofhabitperatiaptostiotis 1 cieeton dars istiehdy e frapmodate
dlﬁ'éﬁﬁgod%%'tdi‘ﬂnlz BPthE‘ﬁ%‘cﬁ&t%g Elp‘éa|A\lﬁlou%ﬁ"ﬁ 1P§6ésm1@foadlarﬁﬁ t}i%l sHield in a

encloses the space between the ta he lid
fiied posities aﬁerrm:g adll@swd)m mdacgi 6 ivrretparep ﬂi!ﬁé tht‘ohdjb? ﬁlé@d tO the table

th
ot daiglePmisl ot 1 B ol Rl Bl s b trflon e
111@éifemlﬂlyto|fﬁlehﬁwt1©nﬂmdljdshﬁeﬂt o€l ttePetiphdral s&neﬂ&rrm other words, the 1id
rotatable in the direction of its periphery

is prsde Aty flmdy affached forfje sbleter senpRessIBg ther?@rrm@éwarsgeng without
llrﬁklﬂg ‘rotAl!l&P?HQQ sl'n dI ﬁltlg%ﬁéc? Fnk ?ab% &Rt ?&s&@v@bldoth& fAsteners
ion a adjusted in ace, It 1s
caf fbefalﬁd?d 16(1101&1%% shi&hi ini a0ffixted p‘osmed Far atthﬂlmgﬂiedichtheﬁable preferably
eter ed s C|ngto set. the desired co n .
ingJpdee et Se A T R HBG BOISRcYnB AORRne ebie, The ld
caﬁ(% bR Jhé‘ﬁioﬂﬁﬁﬁ?g&sté)fTﬁeﬂ%lﬁﬁ bF BReh&IntRB ek cah Be used to
her wor i's preferably firmy attached t
regﬂeteﬂmmnﬁressmmﬁdhesmmgssnmsmgpr essi on spring
without [imti ng rotation of the shield with respect
tot e .table revvs or her f :
S PgaTaRbE e gl Ry he¥ Pt o AR GRP LRy oA
eq@lﬂn@&ﬂﬂ hogsitdeasl 2l ¥bnt blbauﬂgad@lh@uﬁa@ifw @boly cir¢le havdag a standard

I ntegral bosses that suptport nount i ng postsﬁgnOJ ectin
diameorand-wagaBbeiverPh gha bailsc My BEDHES sawiing hivel

re?eggblg a?aglli}%% Ql?%-r%ﬁtwpgfs '%113 gﬁn&%ﬁ %hit %ﬂcﬁ(}?lte @g:ﬁlgtnﬂlggtgr ?ﬁ?oﬁeﬁ the vent

opzningp iThalredetting fdaturanﬂﬂﬁne atwolmnfgmreamf thefladiRDhataeceives the bolts

conventional electrical
together with the% washers for attaching the flange to the conventional electrical

equipment housing. Since the working area must be kept clear for bolting the flange in
place, prior two-stage PRDs have had limited size valve openings with diameters no

greater then the inner diameter of the working area.
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equi pnent housi ng has a vent opening surrounded by a

bolt circle having a standard di aneter and spaci ng
wheindmer12¢ he bolts. My PRD has a nounting fl anper/vbs1004/044067

bolt receiving features aligned with the standard bolt

circle for nounting the PRD over the vent opening. The

recei ving features define a working area of the fl ange
BRIFBDESSRIPTESNIOE TEH $EVERAE! VETWBI QI THIEDR AWABNE(S

for attaching the flange to the conventiona

el ectrical equi pnent housing. Since the working area

NMUSFI®E is@Rtancve@d crb-scd@biial Ridwt b ddnRBftfonaNpRbsA€Srelief device

prior two-stage PRDs have had limted size val ve
forplrsticaheauipraentdionsisg®er s no greater then the inner

di aneter of the working area. BRIEF DESCRI PTI ON OF THE

SEVERAL VLB \%WB&*EI}R# %Y HM relibfHevicd \§1tl§atsﬁ1%fasﬂ$F ﬁﬁ?cting

cross-sectional view'of a conventional pressure relie
thedbschemze ob fluel eattheddviequi pmrent housings. FIG 2 is a

si de view of ny nem1pressure relief device with a

shi or directin di schar e i d fr

dovFIE 3 BagerspSiyd gk o sl et utroyt iy ottt Hield
renfih 8 SHEWing Shteial %\pbﬁﬁlg\’!nht?tu}é%%p&ﬁhﬁé @I gﬁ}?ﬁ&%@ﬂ 8 RO 44 a lid

i nternal supporting structures spanning a gap between
alogg val avigw @ a velve pappeigesied in aclosasvposition onghe taboppet

seated in a closed position on the table FIG 4 is an

exp . per

it Lgﬁ aé?lsg? X 81%% g&rspxécﬁ% 9{ewt3}e[ r D a?t shg)?/?%ﬁ%r?a}% 3 ructures
inchatinvea theadt ahmgwhtlngvd vﬂ%seaﬁln&mﬁ:hg wng®. t ransver se

cross-sectional view show ng the [ nner wor ki ngs of . the

pre . relief device. nlar ed cut awa
0 ehRerbinere TS Saareseetiona v sysekipgy Gihe
prelRRé AdlicPPeviée. DETAI LED DESCRI PTI ON C]: THE I NVENTI ON The
drawing figures, FIGS. 2 - 6, illustrate a preferred
enbodi ment of the invention including features of the
desFla & han celiagrdecutgvraes shewing(thescalydhatsuppat a two-stage
Val@gggg (gﬁate much larger flow rates through a
conventional mounting footprint unchanged in size. The
new pressure relieve device (PRD) 50 nounts atop an
DHEIAEED DESCRIPTTON OF THBINVENTION er a vent opening 54
in the housing 52. A flange 56 having

The drawing figures, FIGS. 2 — 6, illustrate a preferred embodiment of the
invention including features of the design that enable my pressure relief device to
accommodate much larger flow rates through a conventional mounting footprint
unchanged in size. The new pressure relieve device (PRD) 50 mounts atop an electrical
equipment housing 52 over a vent opening 54 in the housing 52. A flange 56 having
conventional dimensions includes a number of slotted openings 58 for receiving bolts 60
arranged in a conventional pattern (referred to as a bolt circle). The bolts 60 extend
through the slotted openings 58 into threaded engagement with the housing 52 for securing
the PRD 50 to the housing 52. The bolts 60 also engage a working area 62 of the flange
56, which is defined as an annular space required for attaching the flange 56 to the housing
52.
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conventional dinmensions includes a nunber of slotted

openi ngs 58 for receiving bolts 60 arranged in a
waeoeoseat7zonal pattern (referred to as a bolt cPCTIURIN4/044067

The bolts 60 extend through the slotted openi ngs 58

into threaded engagenent with the housing 52 for

securing the PRD 50 to the housing 52. The bolts 60

al s g\s?_hgag éndie BlRaRY EIQFH}.GQt}ﬁﬂV@‘kirIg@eaf d(sjmmf e ﬂ@ng@\f]f_i bds an inner
.is defined as an annul ar_ space required for attachin
dignpgerqggfdnsde ths cirgle fbols E% angbanauigdametes pe that @sm“gt beyond

. h . _
toq Grcle S P AL O RSB BRIl LR T2 po 2RERR o the
hoasing asing onlyrthelbetssileas fBGetingtlemients, fhostorkiag arm G2he the flange 56

circle of bqlts 60. Although.the illustrated ign_ ..
ca 6% a4 o isha LA DS e e S Firg 0 Nty ey the
ﬂahgés@wﬁéhé&iﬁggsiaﬂ ening el enents, the working area
- 62 of the flange 56 can al so be arranged to receive

washers or other elenents that are useful for

at t Zeeferagly the flangn ge isHrmed anen Mirgalmgrisd a vahverhady 0 hat
. fl i S i |
il RO S LA AP o et

72tdverh;?hging ﬂlﬁxﬁlgafslﬁ althe pgeéesta!hr ﬁz haed gelmrﬁtlly;tgbugaﬂﬂﬁmand'éﬁares a
over { ; L

CORERHEY oy ¢ wisibafh Pirtiengis6 aLIBEERE chrhbrtEe danays
su&éﬁﬂiaﬁ?%@n&%@ dldnirge 85§oxgg[;‘i@s ﬁaﬂ?(hﬁ_@m&n e 1408 5‘6'1%19@1:1% table 74,

as” a substantially constan iameter 78 Tal ong i
wiienigtphefomblyessiangh es b ideangserSH cliibe véng opahhge 5441t isdhiedhroat 76 that

is. preferably. as rge as a di ter_ .80 of. the vent )
prosiafy i Psee g ARl o AR 5030, ligiiBE eHERS pressure in
thPROEADS2 NiRdeahe iHBatli A8 18 1 hbRintBY titetsahl® i as the diameter

relieving excess pressure in the housing 52. Since the

80t tlratend Ppaning:34, 1% pressupmesliabddvidel 5P nrpwidenies agiommedating
th [ .80 of the.vent opening 54, the pressure
nkm@%?%¥@%§%ﬁ%gﬁgﬁg%?%%ﬁgggﬁfor accommodat i ng maxi num
flow rates fromthe housing 52. The table 74 supports
a g \mxesiélﬂg ezll mqipfoets ?swgmwlgy vaRretabseinbtya 82 kit saveslsized
. i ndependent |y of the djpensiqgns of the working area 62
indgpepdratlyoh Hydimensionsp tﬁ?Wﬁa%% g 68 f g tinga S dngelar
m&ﬁagﬁi R684rs B ahd) 86,%@&1?6&? th tht Si’ﬁa%ed'%‘iﬁq of FIGS 8F Yé&ird fifsBhnd
an ge 92 and 94 of t t

cond- st age ‘seal s e two-3tage
seccaidvatagessasBl ynd 24 pbthewotstdge evalié assenbly 86 tsthaltabl®24. The two

seflp 3 20 L8 et SpaSRE s o5 SO aIgoT g A ghon, or he
twd B4 82 8h 94 S BscPhratdh@ foY AR 0P thelamb @k AiffersMin@dtbddl: Preferably,
Preferably, the two seals 92 and 94 are forned

thetwa seals|92 and O¢|ae fasmad o nitdleps flyaracarbontslastomgrs which are

compatible with a large variety of oils. Additional information about such seals and other

details of two-stage valve assemblies for pressure relief devices are disclosed in co-
assigned US Patent No. 6,497,248 entitled Pressure Relief Device with One Piece Gasket,

which is hereby incorporated by reference.

The first-stage seal 92 defines a first-stage internal valve opening having an
effective diameter 96 and the second-stage seal 94 defines a second-stage external valve
opening having an effective diameter 98, both of which are closed by a spring-biased

poppet 100. A disc face 102 of the poppet 100 engages the first-stage seal 92 for closing
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conpatible with a large variety of oils. Additional
i nformati on about such seals and ot her details of

WO M»s5H6Ege val ve assenblies for pressure reli ePCHES200€644067
are disclosed in coassigned US Patent No. 6,497,248
entitled Pressure Relief Device with One Piece Gasket,
whi ch is hereby incorporated by reference. The

the iﬁrsttstm agemgkvdlveodpaiefg amdsa srfounding depanpdingskat hod of the poppet

b LSy Dol foralieipe e Samacige CSier el e openine.
Tweadly@fa@@ €03 HOthB @@s d 180 pBEifi P&y s¥s %aﬁ{@ﬂﬁrﬁr%taéweﬁl o with a
whi ch are cl osed @éasrln- i ased poppet 100 di sc

comgwessiopAitdhatibiecks dlopistof flonl dle threat 6 She d@myémg skirt 104

e fi
of3iEhertR: 05hE5] PBLASRI Bk 0 39 Sy L O B s
seEleFlp @sthlclﬁ@ skapgdgea Wlbﬁ‘ tﬂﬁibo Actoginagiates %Edmaﬂl”raﬁgh’ of axial motion of
cl.osi ng the g(()econd st age external val ve opening. The
thg depeniigeskirh 04 while magdpiping a1galed s3gagePeNy seat s
against the first-stage seal 92 with a conpression fit

t hat T
o Blages (oo s o Lo oy T

cosgressihnsprges Kifall 09 thapatelvonfistd bltweerf the pofjeé 100 and a lid 110.

MBSk bR B abor S aRE I Tuf miyBbmpoys 112

prbjé@t Hen®oics 15 Kiat bré&énlg‘%bh&d%tﬁﬂah@taﬁ& A, Feditsed 6 fasten the
agenment. The et 100 is biased into engagerrent

hcw thOtib@ posie b 2st9 zompwswg &emmrmﬁpﬂ,@gw% 08 within a

0 0 S OSSR I PR

coaiprysionisetstarthteshold prebbdre mequided igr 1pRI&E Shelpbpppy mmu opening the
from bosses 114 that are evenly spaced around t
tvosAEe VAe aseATily B2 Adioyghin e ystated smbedinmat %@@@npresswn

sp?lﬂm;ig s {68, lgg’ﬁ]%r 5%”9 Sﬁ’lgfé o ésgﬁgl ?I\?\n/e%%r &ﬁe ) %ﬁ%ﬁ%d%&& can be

hin a t erm ne
usaditb et éhel thxsbslidl@ preEbwre aemnmetl forf hfapg I:lmgao@pﬂp]l()@&lepamiﬁgulson the

de%ié %eh]%bg}ﬁp r’llgxss gp%é&glling 9%/ 3{' t I n }sgglsﬁo&)e%nes a first area
ovok WRRIhARid Prdsfife id éffb%h{/@f&%fﬁﬁ?ﬂig 'pHF[BEt 1088 oR PR R SSIAR seal 92.

springs 10 108 are shown, a single conpression
Thesffastvodiametes 08 Iof thsi a«?gordiewgﬁese@la% drdings e decond seta CchEWhICh

ﬂlIdH e?criv I%hl@) gﬁlﬁ}eﬁgrs ete qéje i ge%%ag ?Jélé/e FS)E)%IIP ngés ef}%ﬁgog Porthfl:1 g the

pc@bétem()l fiiin ceaRBo1RI-ste Rl 91€THd Je8bnddrafef Hi83kcoRd-stage seal 94 is
defines a first area over which fl U|dfressure is

preferably Jagger fhan the first arpaoféhepdihetecamel 97 by tatie of approximately 2
tofsl'eté n%v?éaf‘g)g éénggll%ﬁg tgfé?x ﬁéét 96b Ly Feléja' tsﬂre 2% 1§tg(§ within the

S 4 second ea over
houkingd2e s cajthoughtabeacatios dsﬁ@pfd}dimhteﬁtm'@)el arettgyicd|foivalch éwo-stage

ening (s fective for lifti
Va?xpe assengbhes ot{ler ratios can be used for aHJustlng the rate and height at which the

poppet 100 is lifted from the first and second stage seals 92, 94. For example, ratios
varying from 1.5 to 1 to 3 to 1 are within a range of normal expectations covering a usual

range of conditions.

In contrast to prior designs in which the effective diameters of the first and second-

stage seals are limited by the dimensions of the working area of the flange, my new design

10
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poppet 100 from the second-stage seal 94. The second
area of the second-stage seal 94 is preferably |arger

W b@s/o6d1eo first area of the first-stage seal 9PCDHYSH04/044067

rati o of approximately 2 to 1 to provide for rapidly
lifting the poppet 100 to rel ease pressure accunul at ed
wi thin the housing 52. Al though area ratios of

pappisdhd effactivg dianteterd 94erd 9§ pf thalfirftoandsechnd-stogs valgeopenings to

h d for. .
o et Tt PR i et P B rotS e B2y et s
ink®adl bf hewhidikia trhkﬁalfdléaiﬁnc%rb@nﬁ&ﬁm @g_@tm @ss&ﬁbl and the

94. For exanP ratios varying from1l olto

worldngargp 62 phths flanae 86.ony now dasize synverta theome a&agvséfaiwgassembly 82

hi +1Q R
o SHTRIE IR (AR AP oo in® SRR R RUHH P pgportsan
omhﬁn@qjmmx&gﬁhs Gw?iléi’;@l a‘ﬁ héightt et dbyvé {hg Ve TR i € 62 &ffthe flange
r.king area of the ange, new_desi gnpermit
5‘% hﬁhf‘\éﬁ i 1L oI PG £ egheiog §OrSarteg A sepurin e bols 60
al ve openings to be sized as desired for
optl %ﬂ%ﬁ%&ﬁ?\é di scharge of fluid fromthe housing 52.

That is, instead of maintaining a radial clearance
bet wBkmeffdesive dnsteadd Qfahwﬁrsastsgmmlye apehingheanberskiedgust as large

62 of, .t fl 56 S ort
o5 P Sy V0BG 2D SR oS RRRNE o om
th@Xoadihy 50f Thebffédtnedidestéd %rtqehé&coﬁdlstag@dﬁ% abenlﬁg can be sized
su ports an overhung portion 88 of

cghed ratio veithothe efﬁﬁ@tlwvcﬁw@n?gr % ebthe ;ﬁirﬁfstatgﬁe/afwe@@g@ms gvithout
TR T L B AR o g 1

th Gﬂusﬁia’edefrfbedimem ttle affedtive dnatr I6f the s&bndisage vyiat vBening

ope can_be siz ust as large as_the dianeter 80
SPGB AR GIgeRT R OEIecPTRG eP o thh Brnitcdh rHEV PR the

ef@éctlfvé Hia%eftér@%f ftl%é’é@b&ﬂ? st l@o@% THE Rl &EEdde Buter diameter

di anet er e second- st age Ve openi ng can
6(801‘ztéadﬂlamgeawd1¢$ngarda 6atio with the effective dianeter
96 of the first-stage val ve openi ng wi thout regard to

h Ki
L P Sh8, PLESH it RGBS A i R
oxtdﬁl@angé firRoorkgtiré 82 6f thd Blakde Sd1ETIRRCAMbUSH @ﬁﬁall’}aé\%éﬁappmg at
openi ngt excee the inner dianeter 64 of 'the working

leéﬁ* farte l@quﬂi@gfar%@?eome flppgeeste the sependestngesdal 4 | is axially offset
: | |
ORI P ¢ DSUSRRISRLISR YNA PESRIE RN YR e 7

abmve theGangd 156. The podkbseill A exieadd thd 4alive bsdpPo aload with thb Gnroat 76 to
he table 74 that overhangs, the work

tion 88
s stege afal gﬂe%’qu%fﬁblé( H thregi @amgler #S irghaintined) thl;pughout its
leRYat #BRE B8mPhrable to the diameter 80 of the vent opening 54 in the housing 52.

Although the pedestal 72 has a diameter 118 adjacent to the flange 56 that is
limited by the inner diameter 64 of the working area 62 of the flange 56, the table 74 that
sits upon the pedestal 72 can be dimensioned in diameter independently of the working
area 62 of the flange 56. For example, beyond the two-stage valve assemblf 82, the table
74 supports the mounting posts 112 from the bosses 114. Although the bosses 114 are
shown proj écting well above the table 74, the bosses can be constructed at different sizes

and shapes such as bosses providing threaded openings substantially flush with the top of

11
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| east part of the working area 62 of the flange 56,
the second-stage seal 94 is axially offset fromthe
wowogiosng2@r ea 62 of the flange 56 by the pedesPel/USDN4/044067
whi ch raises the table 74 above the flange 56. The
pedestal 72 extends the valve body 70 along with the
throat 76 to the first stage seal 92. Preferably, the
the l:ubira’l4 dA kereaterel v &hd monmtingt pristseld 2tcbukdlh§ruonnedt¢csd1t®ﬂgttdn the table

Eirchashy Brit Braded aeshities 3 SRR 1Rl 1o RSP eyen the
bdaée% 134 tha T4 dubPoRsh pepHerdl AhieltP14d. ange 56 that is

limted by the |nner di aneter 64 of the working area
62 of theflana11 the table 74 that sits upon the
pedeBieateripherabshield 130 srelases asnaderbeiveandhe fable 74 and the lid 110

sulgBHRREDHE Hlokrl RIS AAGRHIDS? SR Bpnier Gy Lok e table 74
pa3Rions e pealph&@al/shield ﬁ:rppllaéeSort the tatdeiNAi dognbixeesios of tadlidlictsadrance
f he bossegﬂlm Al t hou h t he bgsses 114_qajlr e shown

wishigthscannulr shot | 2% e exig Shideormse petigen firdid Uy thefrbise74 as set
by EOHOHERE odkt 118 QAL pSiA R SAIETONG ToBHERp AR, tho apmular
sloti 128 untibddlipraidly kecurahinelaté byAl seesanew iov ether sd:chang mechanism.

TR e D ARE SR i b eir BEAngE b Caritran e
pe?fﬁh&ﬁpﬁnélﬁ 120 8othakiflyihd r§ﬁ¥l‘1’5n@|h ?/&mhém siReRse9 1slﬂélt mounted

e table 74 supports a peri phera d 120
m@@t amHension ghiosiptessim thaicvode mit isprhikitytie retetern theeannular slot

abI t he d 110 SUrio undi n he twa sta
8 ooy 50Gtd f piach L3 HHEh M oY sl nffipism. An
oﬁeﬁhﬂgel 244uRosidel @9 DifdEtting 126 hepravidedircdit dide ¢ the E@I@}iheral shield
the table. A conbination of radial clearance wt

130Her eommasting thp shickbi204ng déé@h@nge iR ek IewBb: Heeperiperal shicld
130§ rel Bl sHBONE sl et adtuitraBL Rk GkE,

oﬂdnmtlanmuf the dischdrgd gipeu mlihbugiethetﬁm@ e2¢/isslepisteddhsiarflange in the
| ac S crew or other secur chani sm
dri g FIGH: £ and % fhe e o9y e Y%F%Pft Qe forms, i naking g desired
a
copfedich? PO Pl AR RS B  pefPh T gt o

dipchargstpiproia su&idiant fersomeapplcasions or conpressi on t hat
would Iimt its ability to rotate in the annul ar sl ot

222 Rieglgh) BGREhaRAGH A b A5 o R URE B i

dikshafded @nflértpreddgre f2dm itlfe WM dadnti Miredts tifd chtleted TR to the
peripheral shield 120 for connecting the shield 120 to

dléphar@dﬂm‘r whergithreflyid oen bp sowyeyedriemdBe pyssarareligheyige 50.
Ok A SSHIL 388, LR 14 bl PGl i bencat
thel ila/eh@ﬂtbe distipege pipth Fug]nertd&&ﬂfs rddardigg h2@ohstrideiph @h@ dperation of

ein
penphera{ shie g assle I'lles are disclosed in co-assigned US Patent No. 5,937,893 entitled

Shield for Pressure Relief Device, and co-assigned U.S. Patent Apphcatlon for an
Enclosure System for Pressure Relief Device filed in my name on even date herewith,

which are both hereby incorporated by reference.

Guided by a bushing 132 in the 1id 110 is an indicator pin 130 that rests on the
poppet.100. Displacement of the poppet 100 elevates the pin 130 through the lid 120

12
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drawing FIGS. 2 and 5, the fitting can take a variety

of other fornms for nmaking the desired connection. For
wex@apbwe20 a sinple sliding flit between the pepcplisrad/044067

shield and a discharge pipe is sufficient for sone

applications. The peripheral shield 120, together with

the table 74 and the Iid 110, collects fluid

prdﬂtﬁﬁigaarxgﬁﬁleuﬂdheatmfmssm prebsupendlive dbaess MgasiReangerated. A
directs the collected fluid to_the discharge

frigiray fat withe theibysking 442 Baldg &hms» &0 11 Betavared Pasitigh until manually

e AFULAE 4 Ty OHPTL 08 B0 RN ERI et o
thd hie 136 wetuaick airdemofxélaimima)rgegnpl qlrmceF(uott hewndleThe pim 130 and the

T T R T ST
vaﬁé’t‘icﬁ{étlnﬁQalén%’@nﬁﬁ%s §bitl ed Shield for Pressure

Rel i ef Device, and co- aSS|gned U S. Patent Appllcatlon

for an Encl osure System for Pressure Relief Devic
fi | eXlthoughrgesesibed vrihaomectidapdreferedpmbodigiont waraw;s r@@dlﬁcatlons

ca 5t SRS -l SLSARC B HbASY, B A RASDtms

keoping kethphooedrall EAchibk dpthedevantion ér d‘vbﬂ:opﬁpg)&ie likbifations of the
el evates the pin 130 through the |id 120producing a

pripr aitpl e i ndi cation that the pressure relief device 50
has been operated. A friction fit wth the bushing 132
hol ds the pin 130 in the elevated position until
manual |y reset. An alarmswi tch assenbly 134 can be
connected to the pin 130 so that novenment of the pin
130 actuates a renote alarmor signal device (not
shown). The pin 130 and the bushing 132 can project at
varyi ng heights above the |id 110 in accordance with
routine variations in the alarmsignaling system
Al t hough described with respect to a preferred
enbodi nent, various nodifications can be nade
particularly to the valve structures, their supports,
and surroundi ng systens in keeping with the overal
teaching of the invention for overcom ng the
limtations of the prior art.CLAAIMOR CLAIM5S 1. A
pressure relief device for nounting on an electrica
equi pnent housi ng over a vent opening for discharging
pressurized fluid fromthe housing conprising: a
mul ti ple stage val ve having a val ve body with a throat
alignable with the vent opening for discharging fluid
fromthe housing; a flange supporting the val ve body
for mounting the val ve body on the housing

13



over the vent opening; the flange having an annul ar

wor ki ng area between inner and outer dianeters
w@reoserEer i bi ng the i ntended | ocation of fastePCTygS2004/044067

el ements for attaching the flange to the housing; a

first-stage val ve opening fornmed on the val ve body for

regul ating the discharge of fluid fromthe throat of

t he val ve body; a second-stage val ve opening forned on
ChABMOR CEAIMS, for regulating the discharge of fluid

fromthe first-stage val ve opening; the second-stage

val ve opening having an effective dianeter that is

| ar derA prasurameliffidevite for nthuatieg en anfelachizal equpmettdgusing over a

val ve, opening in a predetermnped ratjo; .the e
veR{oRFRIRELPRECkAPDE PisseTAce i emds belring Gprisine

throat of the valve body fromthe flange; the

ef f achiNp1sitasPBidve RVt oSLrdndbsdyagieh ¥ trug Mipasileith the vent

exceedi ng the inner dianeter of the working area of

t he fl angwening fendibthiarging Aviddfare dhq Rasiganet er of the

firstast . t el f Q. di ' .

1 i S A BB B ey o8P iy R B84 Sihe nousing
second- st@age thealevieoggpéiy; ng from the flange providing

cl earance al ong the val ve hody tg access the_ intended
| oc dhe Jangt havie IameRy METEnE AA DTSR 1B 306 PHST digmcters

f'angeto‘f'i!uﬁl b 8% infenddd B c Ao FFaQénifil BleMets!Br attaching th
whi ch a ﬁglesfgﬁH?gﬂ?QPﬁgg |nct e vaFvéuH%df gdfac€%€01ng °
to the fl@xnge tatde Hdueingedest al has a hei ght that

of | ch BivHEs Hah PRse FaBRLOp Lo VR ot frg Fins Gie fitharge of
body on tfigdRRMEEAhroaNsk thb9alvaBbsy;nas an ext ended

portion that overhangs the working area of the )
f | anggecand-Flage valve openig formedrr thevahte kadytiperegalgtiag the discharge

supports t .gecond- val pening on the
ext ended %%@?aSﬁm%ﬁwﬁﬁggﬁggnggﬁﬁ“&@ébrhangs t he
wor kihg gecdh@atdple vahie Ofpblﬁﬁ% Qavibg af bfediéi digmetbr thhigis farder than an

in which the height -of the pedestal provides clearancge )
bet ween t #iéechiye Araneiarod thdimst-gaccoralyhepanag 18 adnedeiqrguned ratio;

wor ki Syfflc t '
ot P de AR iR ok REBeBl spdcil Atng e MU fhe alve body
for attachomght fiandd; ange to t he housi ng.

the effective diameter the second-stage valve opening exceeding the inner diameter
of the working area of the flange for enabling the effective diameter of the
first-stage valve to be optimized for discharging fluid from the housing; and

a spacing of the second-stage valve opening from the flange providing clearance
along the valve body to access the intended location of the fastening

elements for attaching the flange to the housing.

2. The device of claim 1 in which a pedestal is formed in the valve body adjacent

to the flange and the pedestal has a height that extends the valve body along the throat.

3. The device of claim 2 in which a table is formed in the valve body on the
pedestal and the table has an extended portion that overhangs the working area of the

flange.
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6. The device of claim4 in which the table includes a
collar that has an internal valve opening at an
WO ndosesed i on of the throat and the collar as PEEUS2004/044067
first-stage val ve opening and an external valve
openi ng on a peripheral surface of the collar as the
second-stage val ve opening. 7. A pressure relief
devii C®hé QEviEOOMNI1AIRD3 ?ﬂwﬁgh elheﬁuablleisupibor&qhé pavend-stage silvg
over a_vent opening for discharging pressurized fl| uji
opemirn 98 etsadRbEPTBORBE s S Ut ST Ege Doy e vt the fange.
having a valve body with a throat alignable with the
vens gRERLNGe 5O%1aitH & Gh@hith ek hdidtitbrikOpRdehiel frevidbd@earance
fl ange supporting the valve body for nmounting the _
betwat thelnydshanging perttoouithatableand theewoking gpe ﬂig thg flapgesufficient

fl apge havi ng.a. workin r adapted t ecei
to 4vpi] Brrraine B bt O PESRPHAE e R Rl e the flange to the
ho 5ing; a pedestal formed in the val ve body adjacent

to the flange and having a height that extends the

val ve body along the throat; a table for i.n the .

val 9e Thedgvienof plaimyé i whigh tb‘?}@b{’f‘éwlﬁée%é@gf g}‘?ﬁi@%ﬁ an internal
va]thg E){)%IH% LAt infé¥see(:ﬁ(§r['815tﬁé ﬂﬁoéﬁ’odhﬁ e Mafas @ fritestddeanBR opening

e*tabte supporting the larger of two val ve openi ngs

andin themakvansdeskniayr dri operipthetah surfavielof theneollapasethh seapud-stage

t he warki ng area of the flange so that the valve
valyB8RFHBS can be sized independent!y of the working

area of the flange for optimzing flow rates through

t he 7val ¥RssRBEEI{eP 818 MPinodhtifden PR EREH Rl Wuipndht AGusing over a
cl earance between the overhanging portion of the table

vemirpening foodikéharging presoitized Buid) g dhashausing comprisiigav oi d

interfer.i with the recej f i

for e EBRAFe oA ARgnga el ey 3584 iR B Hevem
of cl ai Mgpehifg Wy disthhfpengniikiffogn dredusibgs he flange is

an annul ar area between_inner and outer agi neters .
ci r euinnee sennestingthe Valve hadyiar seeumnting e v Pt Ffhe housing
el ement s taching the flange to the housing. 9.

The devi cofé,g%?lgtéllc%ﬁurﬁc:mrgh whi ch the larger of the two

val e fipepi hging sweifipedeaidaptpdith esdehredatterohg elements|foe

body fromthe fl ange and_has an effective dianeter
th a%/‘ attac}ﬁng the t?ange to the <Fi‘louseing;

a pedestal formed in the valve body adjacent to the flange and having a height that
extends the valve body along the throat;

a table formed in the valve body on the pedestal and having an extended portion
that overhangs the working area of the flange;

the table supporting the larger of two valve openings on the extended portion of the
table that overhangs the working area of the flange so that the valve
openings can be sized independently of the working area of the flange for
optimizing flow rates through the valve; and '

the height of the pedestal providing clearance between the overhanging portion of
the table and the working area of the flange sufficient to avoid interfering
with the receipt of the fastening elements for attaching the flange to the

housing.

15



exceeds the inner diameter of the working area of the

flange. 10. The device of claim9 in which the spacing
wotoosheor7k@r ger of the two val ve openi ngs from PEEUS2004/044067

fl ange exceeds the height of the pedestal to maintain

cl earance al ong the val ve body to access the intended

| ocation of the fastening elenents for attaching the

f | ardgertealevive offiolagm gn which thh evodleivig arcaef tied fange iOar mnular area

whi ch the effective dianmeter of the |arg of the.two
beljigep s R AT FeTFIETRFUTSaTomE tas IBRd loogfion ek fafteine
déﬁ&h§ﬂ@hﬁé&ﬂﬂ§ﬂ&@@%%¥@tH@hMﬁhﬁ?en'nQS by a ratio of at

least 2 to 1.7 12. e device of claim7 in which the

tabl e al so supports the snaller of two val ve openings.

13. SThHhedlsyicee! efairg Ban mihich the laggerait thereva vehveoneaniigy despaced

ar .t S or finLStq.and segcond al.s_ that

et @b Ble TR et L BE SRR RHRRY g bidper tha
ex€deds thesandriiagetarnofithé ®oriahg Meh vethRERARAY t hrough t he

collar fornmed at an intersection of the throat and the
colbgr and t he _second seal ﬁircunscribing an _externa

val J&- dhesierige gholgmy 8 in e spackgQf the lagre of e typ vaive
T ' i | ' SRl
ordoe e NS R Ao SRR R et pons

valyeibodyo advesstbe paciuled ddcatias ofithe dadteninglélaments fort dtmthing the
ﬂsmaJ[I‘[Sr than the inner diameter of the working area of
el ABUSING. 6 The device-of claim 7 in which the
tabl e includes posts for nmounting a lid at a

predat ahgideeike dPalaind 90 id FRichiRe EfM&iOe dameldtfdRViafRr 6f the two
claim16 in which a conpression spring i s conpressed

valygropeings isdangeithaimn effestivedlametes of Blesmallgr of the ppetalve openings
by%ggg%ﬁfag§&ﬁbqglfor cl osing the two val ve openi ngs.
. e

evice Oof claim16 in which a peripheral
shield is captured between the table and the lid. 19.
The 1deViheelewvice of elaim 78n whiochtthe blddsparppphetielsnmlicedfttwo valve
I ncl udes an opening for directing fluid discharges
OPPMNBES-t he pressure relief device and is rotatable in
the direction of its periphery with respect to the

t ablig, amMd debRe bF Blaim 12 in which the table includes a collar that supports first
and second seals that circumscribe the two valve openings, the first seal circumscribing an
internal valve opening through the collar formed at an intersection of the throat and the
collar, and the second seal circumscribing an external valve opening on a peripheral

surface of the collar. !

14. The device of claim 13 in which a both seals are engaged by a preloaded
poppet.

15. The device of claim 9 in which the pedestal has an outer diameter that is

smaller than the inner diameter of the working area of the flange.

16. The device of claim 7 in which the table includes posts for mounting a lid at a

predetermined spacing from the table.
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20. A systemfor increasing flow rates through a

pressure relief device attached to a conventi onal
web@sisi7e@l equi pnment housi ng usi ng standard sSP@BUBIING/044067

circle surroundi ng vent openings in the housing

conprising: a nultistage val ve assenbly having a

mounting flange with bolt receiving features aligned

Wi t h7t e geeioglaf daibol d incwhich @ chbmipression tspring islvenmPRBsed between

over the vent opening of the conyentional.electrical
thedifl gnshibm tabl{es g}?ﬁ%ngtatPé’PB%H IO, aRQSIHAN, P g%ﬂr{%t two Filve
opQfifit ying a working area of the flange that receives
The bol t's toget her with any washers or other

associ ated fastening elenents for attaching the flange ‘

to tlBe Thodveine pHelaim &6 brwhich alpednhsrphebinld froaptured begween the

edest al..projecting fromw thin the nounting flange
tabi%fl%fitilﬁhldt o the working area of the mounting flange

and having a throat aligned with the vent opening for

conveyiThg dévise bAslgien 18 i which tiosisdriphbel vidblddneladeardnl opening for
~a table supported on the pedestal in comunicatio .
dirgpting fwd dischages ﬁ%ivit%Prﬁﬁﬁu&liezlﬁﬁ%’lwn@ilﬁ)Fﬁti‘tﬁ@F in the dircction of
its QLAphdG Srif 1t 6l aBlecRahe e fl ange; Tirst and

econd” val ve "openings arranged in series for rapidly

di scharging fluid through the throat of the mmiti stage

val \26. a's syshdnh foriimcreassypoiinve rates thrqngbdgiressmicrreliefisteries wktached to

in the conventional electrical. equi nt_ housi.ng; and .
R s R e L AR R
veRiSheRfEe NEihédoMan BeHpdsg:0n the extended portion that

overlies the working area of the flange so that the,

val vemuliisiage yalve assemblydiaying 4 maepEediangeyvidybaltyeceiving features

wor ki ng ak.e f- n . ' .ﬁi? )

t hr ough ta\ilggﬁcfvéllstfsl @?eesftir@fnlqﬁ?glgév?éggr%. E%ftﬂseyst e%rvo he vent

cl ai m 20 dpaniniof khetdoavanivhhiesleaficdl kguipineat hasihgsecond

val ve openings is sized substantially as Ia%%g aa@thep

ventthepelhrasgiving {a3tured ogounypiee ofkung atee of Uiy fhnge Mgt receives the

flow thr bk BF offiel hdsSeiatgd fastdifng elements f

system of ¢ é‘?%ﬁ’zepgﬁﬁﬁma%ﬁ rt heO ar germ%f t%se figres?m_ens o

and secondtavlahy éhedfrmge tgtheiconwintieval s eckriad equpmestripasing;

as the balt circle.withqut .interferi with th .

e RASgR Rralscig Fam At e Uy Hedia® rddraio, o working area

el ement s §mqfe AbhAGlY Mok BRd hhAnge ﬁﬁ@aﬂdﬁ%n@@%hrﬁﬂs vehd opening

h
The systemof claim207in which the smaller of the
first andoseawegingalisgharge fluid through the valve assembly;

a table supported on the pedestal in communication with the throat having an
extended portion that overlies the working area of the flange;

first and second valve openings arranged in series for rapidly discharging fluid
through the throat of the multistage valve assembly in response to a
predetermined pressure in the conventional electrical equipment housing;
and

the table supporting at least the larger of the first and second valve openings on the
extended portion that overlies the working area of the flange so that the
valve openings can be sized independently of the working area of the flange

for optimizing flow rates through the pressure relief device.
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openings is an internal valve opening formed at an
intersection of the table and the throat, and the

wo a00ge607ed t he first and second val ve openi ngsSPCHUS2004/044067
external valve opening formed around a | ateral surface
of the table. 24. The systemof claim23 in which
posts | ocated beyond the | ateral surface of the table
COMIECThedsykleth dfaldime2(tiablidclatheanplleref the firstend sgaod vglve

25. The system of claim24 in which, i.nh .
opesirigs isizad whysentiady 2 drge BHEET pSTEAN AV iR é‘eﬁ‘ﬁ%&?r rggriction on
theﬁ%g,tﬁépﬁl?ﬁ%o regslu?éfai%@dévgbevw ch the peripheral shield

es an or di

inclu peni ng recting fluid discharges
fromthe' pressure relief device and is rotatable in
t he22li Tlectyistem of claits2 pierwinble the laggenof e fissiand geqond valve

table and the Jid. 27 T L d00: ' i
oeagsippes St o SmEPLE TR Bl it Ak ot of
thebBfs haPhiB 4s88cidtbdfsRRaing ddapars forattackingbsiflangtd the housing.

cl osing tthe val ve openi ngs.

23. The system of claim 20 in which the smaller of the first and second valve
openings is an internal valve opening formed at an intersection of the table and the throat,
and the larger of the first and second valve openings is an external valve opening formed

around a lateral surface of the table.

24. The system of claim 23 in which posts located beyond the lateral surface of the

table connect a lid to the table at a predetermined spacing.

25. The system of claim 24 in which a peripheral shield is captured between the
table and the lid.

26. The system of claim 25 in which the peripheral shield includes an opening for
directing fluid discharges from the pressure relief device and is rotatable in the direction of

its periphery with respect to the table and the lid.

27. The system of claim 25 in which a compression spring is compressed between

the lid and the table for biasing a poppet into a position for closing the valve openings.
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