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WD 2005/ 060720 PCT/ US2004/ 044067 PRESSURE RELI EF

DEVI CE W TH | NCREASED FLOW RATE BACKGROUND OF THE
WONYENPOOTQ FI ELD OF THE | NVENTI ON 5 The i nvent i REI/US2004/044067

rel ates generally to pressure relief devices for

| arge, 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 10

Pressure relief devices, commonly referred to as PRDs,

must qUPRESSUREREMEFR DEVICE §YEI5BICREASIEY BLONERACHH

accunul ate in housings containing such electrica

di stribution equipnment by allowng |arge quantities

R ﬁ%ﬁﬁﬁ@r ids to escape fromthe

Bﬁgﬁggﬁgs |ntEy§%§r tlné&hﬁhe devi ces nust respond

bef ore the housings in which the equipnent is

"ﬁﬁ%’fﬂﬁh d in so responding allow a
Fsu fléigi en armwoﬁﬁ1 fluid to 15 be discharged in a
sufficiently short amount of time to prevent danmmge,

al | Il . pref erabl di schargin e.fluidin a
il pfeicRiefis BRndtany o GEgu R Aices Shlghet, Bover
digteibativisequiprRei isiIeay trdnetaineth Mlesfichs of tPiypalthat are filled with a
.pressure relijef devices of t%/pe to which this
dielgctain oflon thedlikepmdatkicl, whene faylt opus asgatiens tadumage cansed by
: I.stic. When the pressure in the housing
m?x%@s{eg g%éﬁrtéb a 20 predeterm ned threshold | evel
requiring relief, a first valve opens. The rel ease of
DRpBERMTION OF REIGhATEReARTr st val ve opens a second
i nterconnected val ve, which has the effect of further
opening the first valve to discharge fluid fromthe
houdtresguset rehefrdegives, doairaonl¥ neferset s PRI, waust yhickly relieve the
. operates once the first valve |s opened, itself opens . .
ingypasgd PERSIe ab sanpecuiilate 1} Risimes qontal ciclectigal distribution
M%Héﬁtbﬁ!ﬁo&iﬂ areP G AR of ' i 10544
eqt e sec%nd ZSQSaIgvg toggt ﬁe?&\%\/lﬁtﬁt}ﬁegy gﬁ%lggat(ﬁ&h&peoﬁnm the
housisginat short timng. HThddevicas snusy edspenddrediiredse htvesirgsdnmdhich the

B b BRls Ch eBh S S o R e
be R30I D EEdihiny ORH HAGEAR 6f tilftth ?révl%ﬁt PIRSULE while,

the housing is well below the threshold required for
rrefprehiyndisehasging tha fluid in a manner where it will not cause injury or damage to

persons or equipment located close by.

Typically, pressure relicf 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 characieristic 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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valve. One way in which this is acconplished is to
provide two different size valve openings, a
W0 208%/068128ge i nternal val ve openi ng associ at ed RGT/HS2804/044067
first seal circunscribing a 5 first area and a
second- st age external val ve opening associated with a
second seal circunscribing a second |arger area. The
until e pressutpeinithe kousing iv weug)elqceﬁlengreslmlﬂ oequindd gt epening the first
VEL%%%lt openi ng through a tubul-ar collar aligned with a
vent opening in the housing. The second-stage
external valve opening is forned on a peripheral
sur f@aeway it Whichuhislivdccomplistied is f Roeideade difiopnaize valve
the formof a disk engages both seals. An endface of
OPERIEH A Nist-§agkinignal ﬁ'@g@é@e%lﬁg apsocipfedswish afjrsitfed circumscribing a

£
B R e
cirwpaiscriing a gecind dargg dred. . ThihBrst-sthge priadeictalaf opehimg is formed by an
ressure in th pus| e first area eeds
o oBeRite Tosotieh Funnat pallEAreiot wib = vehppeatia By Be fiig. The
seéﬁhdtéiﬁge\/@dtéfﬁaldla% oﬂeﬁﬁg‘l@fdﬁﬁed bﬁlﬁ ﬁeﬁpﬂéﬁpé@fa%él of @ tubular collar.
opem ngpt he first "valve. Once the first valve is

appes in thedenn af @diskfengagss bgthvs@a]@q g\m endface of the valve disk

ais osed to

SRR Prif sgnebaf i Py Sl BRIy, K cepencing
skj@f oftthe tralot diskenBomes ifidscp6ies Sdal whlamna]ﬂglﬁ SPEANMe PERRACE of the

is larger, than the product of the _ housing pressure
Pressedn thechauping tinagsdhe Hipt arep gkeesds thermselopduénrae exested by the
( |
doltid Exoh%%ﬁﬂ%{)g@l&% A0 hAvat Lailic is &1%,1%%[1%8{ oneirifine first
vabec @me i fnst ealde fsapenal anienigrgaderds crf’:’the valvu disk\¢erresponding to

wi der, Both val ves are openged dely and quickly
theReeSRrl s FePesep e FreRRrarEhe Busihe omeagqnsw@fby the
pr&RiBNEe RHESRY ?ﬁsﬁ&@ findeB e S@Er%ﬂ ar 2?&@ ﬂ%f prt:aﬁ'lfc of the

second val ve Qgreatly exceeds ac or o

housing pressirptivics du: ﬁnst @rea byrp: atatttce«zf thy thn ereas; cwtpclemstypmaﬂy around 2

o SR S AR R D B LB gl vavean o

op&RHE tHe s V08 enWidr. B&h v@ﬁé@&@% pBYeCRREB A dhidl8y because the

fit a pattern of bolts surroundi ng the vent” opehi ngs
forpe genesatod by &mm@satlonr@ hetsing grasene oyér thedivetraiecand agea of the

soclf SuRE 3 SRACREAERAFPantarthot ) BlepteRf s BpFRa by e
copressias spingd athke clesedjdaRidns BEiRWalvegst ri cted the rate
at which fluid may flow through the PRD. The nounting

fla has an annul ar working area that provides
ol oaRDRcES fginteg 9oiq the equal singg upngrgamiigs dlgages that are
oS o Lo B B s S bR Ve B M8

houdingsr dibe arfangerait iof sg:ht bodts ionwotd cngeésl stemgardized in the industry and
imposes a limnitation on the configuration of the PRD, which has, as will 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 céllar, which has an inmer diameter set by the first-stage
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to the housing. The tubular collar, which has an inner

di aneter set by the first-stage 2 W 2005/060720
WOPPIRAHA/ 044067 internal val ve opening and BGI/BSR0eH044067
di aneter set by the second-stage external valve

openi ng, projects fromthe flange within the inner

di aneter of the working area. Thus, the inner

ingprastetebie Qﬁentntgeand@n leitey digrmeter st bsh@efse@mvg@tamteatmmai aalve

oAU B ol 5y 6L o] IR e A T,

mﬁhtedlﬁme&t oﬁ ﬂ:ﬁgﬂ)rﬁmgrﬁ@r dfahe flalgealcopaiidighd Mmakideim E‘ﬁé of the outer
1o be t|o {éf spal ler in dianmeter to praovid
dipmgter gf fredpanecalir fackihe srronlistage exfrumal aebyR @p@mas The first-stage
[
A8 0 T AN Bl e o
dléﬁemhabg(weﬁaﬂa ﬁﬂst muﬂgiacaﬂd@réﬁmsqmmﬁdot the desmd tato-siage operation,
the co

1 B o B bontn f S6tmBEiiE Y miin 2 Brchites e Shrghdt e PRD,
arfNfle (iMitatiBAs frﬁﬁdsB@ﬁ;gdﬂ tﬁﬁ%ﬁt‘ #&d by BRWStbE of %}l{hé Riler

for two-stage operation significantly restricts the

digmgicnnhibevwkingtasea ofitbeifingerrad (PRbe fisthesdiamstdcal freduction
R B9 bR ARy 5008 biaBh g ol onen e

PRDening 14 in an electrical equi pment housing 12 with
a flange 16 that is secured to the housing 12 by a

circle of bolts . The flange_ 16 15 has an annul ar
wor kiR §x&nele 03¢ F éij?mpé@e@ét%%ﬁm%ﬂew 1pshasyn in FIG. 1. The
t
R R R At oy F vl 2Pl 40 30 olcbirk il SR pousing
12 wish afflange &6 l]:ﬁtt iscsetived hoths hogsifi 12 Aytaudinelcaof bodts 118 TRO flange 16

T LSR5 ) B o e 2200 24
occhified BY e BHIRTBL A 234 wakhdrh Sr &tﬁ@!ufagtre |él&ﬁex§soreﬁﬁﬂéii & attach the

Iarger second- st age external val ening 36 o

flagge ép hpthe hougingtldr As@bular collar 30 fo mtegczdbd with 8@ flsfige 16 has a

T A 75k S 500253 B conec 0

anid3 In@epicendvstalaé extemapvalve Spenid $®6n b Siterrh b didﬁiéi‘ér 38 of the
diameter 22 of the working area 20 of the flange 16

tulpar qollar 39y TheoKEnest dismeies 3810 g wllar pollar 36 hichgncludes the

s& Jﬁ% -0 %ﬁkgerﬁa xﬁai% an% g?%gé%%ﬁ e(égo&v ?1?4%131051%11) the inner

didmied 280 oﬁ:lhb lnaorking afea zt)arfsmer ﬂﬁtg@d &fxbr pRgervingthe Sle@@fce required
i nt erpal allée opening 32 that_i-s necessarily

ToLSOEE B Ficdioueia 2 rrinedbe eprcationd balipeitoras The
ekt cﬁﬁﬁ@t‘e{:‘% 3P QuRHRRR 1Ly %@ﬁ cgﬁ éﬁ bR fitsB 9B ge internal

operat i on w rates throug
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. Atits 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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10 are limted by the first-stage internal valve

opening 32 that constricts the innernost dianmeter 34
Wk 2003007 Woul ar col lar 30. Wthin the tubul ar CRETES208H044067
is a throat 40 having an entrance adjacent to the vent

30 opening 14 in the housing 12 and an exit adjacent

to the first-stage internal valve openin 32. At its

flanger orand the thicknsssoefitheitudirier epllar 30; Atdts axgatbe throat diageter 46,
' ' 14 and, NS . .
B DESHATE e et B RS o0 iccants
srfaTlm ﬂmltgé diag&te;]i mgmg&&;eemﬁg Eﬁiﬂ ﬂﬂgﬁle@ﬂ@ 11% l@@c_?iséiénited by the
. e nd.the thickness of the tubular collar .
s S oshofeEe higtoeh Rdie Okrmapeoter Poteial ppiamios through o ubulr
cdiRf B@%ﬁ‘}‘éﬂ@cegl?)yg:gg difftRGIcEBetwedh ﬁﬂéleérﬁlrang’e"’? feﬁﬁgm&e&e&s&ﬁ and 46

t ubul ar col | I's significantly smaller

ofgthe fhaeatr4041 ableasithy the diffeopren briyveta thodintmeten dd of fig Vet opening 14
. i s.limited.b he., .size of t I rst-stage . .
intehRine 4 8 1ot ¥y cBniesdis arifa o gt 5B innermost diameter
oftthémbgmw]@artam_ul ar 5 collar 30 are reduced by the

di fference between the entrance and exit dianeters 42

and 46 of the throat 40 or at |east by the difference
bet wekhrugheony enonal PRI2s bave; fis moasyiyearsemionisied sifeptive; essure

il . e : . % hr ot
ro ol for i M e it toufn BT e et pb et by
refegdricato BIy..1 ﬁhlatd the :cs?ia o{f tre\first-stageein teBIR{DSrlo alva;opm%jﬁg B2 i@pPYses a limit
ar r oV ef fectiye pressure reli
onfi23¢ phEieh i mew o hrouBh Shepmemurerstier deyice e thatghis fimit i
LoW8r 88 el it AnBOR 7 Y G5k Bbihe VEARIRRES Udn Bl houbirk1B!
t-stage I nterndl val

the size of the fir ve openi ng
Agcapsbegly, ta dchieve higher fiowe ratet eoramendvirath withithel simayf fleaant openings
. I Ou the pressure relief Lce and that . this |jmt
in bR el SP R e s T i elioed Ssbired g Mvotve
exp@iiveahangdRo i dlectic? hbisdsNe abdopt pREGRE HIRE WY vicdshaving larger
achi eve higher flow rates commensurate wth the size
fooiprints éi.¢:cHangssiainetgss). 18ighreosts @eneraliy malse siiqghmetrofits prohibitively
XMﬁjengs, | arger size PRDs have been required, which,
nvol ve expensive changes to the el ectrical housings
to accept pressure relief devices having | arger
BRIBBtS{IMMARY1 OB THE INVENTHDNet ers) . Hi gh costs
general ly make such retrofits prohibitively
expensi ve. BRI EF SUMWWARY OF THE | NVENTI ON 20 My
| nvafy inventicicinerass fiovomtdsahvagh breuaise byRsit #4RS devices (PRDs)
ressure-relief devices (PRDs) of a type that can be

of 4 5g thas can pp syl ferelisvigmesswredn eleciriceheduénpuems hensings without

incFlé?tHﬁlig'?ﬂéfoWﬁ}ﬁ lféquired to mount the devices on the housings. One 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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i ncreasing the footprint required to nount the devices

on the housings. One or nore enbodi nents of the
WhERPE03H provi de i nproved pressure relief devRGCRES2004/044067

(PRDs) that achieve higher flow rates comensurate

with the size of the vent openings in electrical 25

equi pment housings. Preferably, these new PRDs do not
mébuntingdtange stithout 1ntel11@r1hg wwithahe fttachdent 6f thenflahge fodhs Blegisical

e TRIE el GG AL Th e BioRohf i APeRpgs romain

a i @66 06.82NGE 1¥\i‘éq|i11ré@ﬁ) dupp&DitetRsatwiANBadoperation for rapidly
first- sta}ge internal valve opening that Ts

digohpepingilnidp fipnt the hobsing 8t highaadlomatase fihusfbnsergnd-ntage extemnal
va%/%rb %n ?Qﬁ‘ 1o%g%§ﬁmt8é‘{a¥ Hma%v%g}élﬁgl i1 ét{lﬁ %:m%% ﬁa&tea%‘?d the
ps

al ve =openi ng e vvor

ﬁr@ﬁ‘—stiﬁb&nﬁbrﬁ%@vﬁ% 2)0faZ 26h B¥FirddSBRAHINANS Erttire nﬁnm\étbtrtg” the vent
flange withoyt interfering with the attachment of the

opepigg die theeleqhidond ngusing. c Koge Jé?sf@gwesahﬁ@gea caghlgerf /@?ralpgher
m&has%h&ﬂ%@@s&ﬁnugﬁ]ﬁlefﬂewlzﬁad second- stage openi ngs

remain at a size“ratio (e.g., 2to 1) required to
support the desired two-stage operation for rapidly
di s @megiiang)ltf din dev PRONor euhtins oman alecmcglmuiﬁmmhousing over
Thus, .the s nd- st a xt.er nal Ve o ni .
2 Yot i b SR R gteds BV FaiRe A Sptad gy ¥in Rl Bignable

witPmhe e Ai3dBr did %ﬁlg flufd s 184 ROt £ PRAke M?b&ﬁs the valve
openi ng can be sized to exploit the entire dia er of

bogly éor\m@nnmw@ﬁbwﬂge pody erethe |h@us1ng ower thouentegeninggdhnéange has a

RSB RAPRER Ry 2B Ui AR v

A ﬁ’&l@sﬁ‘anoﬂmd fih tHeovabre widyelifcéit itc te fegide haenheighithbt gk tends the
ver 10 a vent opening includes a nmultiple sta

Vﬂbfs Wéy ploneibe tireat! Yetablsdormgdin the YﬁﬂY%h‘i’d%PI} @ﬁé’é&%ﬂtﬁl has a

o M Ll 8P ST 8
e s The {1 anae. has o working o oa adapted Lo | e e
tha? gg&&‘g‘ggsftgg FOrFiRg g@aéﬁgﬁ‘t &0 gfﬂ?Q i wakve qP%“*”Igé Rafebe gjzed
mdeBé‘ndéﬁﬂ? oPthe wotkREARSS 64 thé ﬁ&ﬁ%df BplEi¥ah¥& rxed ﬁ]:ough the

adj acent to the flrange has a t hat extends t he
valys. Fhe heigbbolftha podastal provides gmaran;oc b&!ween therowsthanginghportion of

b R 5 St BB SE e el Beent R R Sl e s
of 13 Gadieitis e&m&afopﬁuachﬁ@ thé AROR to tRehddhige supports

the larger of two val ve openings on a portion of the
table that overhangs the working area of the flange

so Praferabby theilange hapanamylar senking asgazectveen inner and outer

diameters circumscribing the intended location of the fastening elements for attaching the
flange to the housing. One of the two valve openings is preferably 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 sapported on the

table, is spaced apart from the flange along the throat of the valve body by the pedestal.
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i ndependently of the working area of the flange for
optimzing flowrates through the 20 val ve. The hei ght
WEr 2005/86032%0dest al provi des cl earance between t hePCT/US2004/044067
over hangi ng portion of the table and the working area
of the flange sufficient to avoid interfering with the
receipt of the fastening el ements for attaching the
The ﬁﬁ@@wc diapteter ipuissicond-sRgevavabpening @@eedsahg innendiagmeter of the

wiiHE o SPK e hof pTInERROCHRREE BRTG e frsgptagp galve to be

oﬁtﬂﬁitzémfdﬂ diseh&givptthid Gonpiht A6tding Thespadigldf fﬂl&g@cbﬂdétﬁge valve
ousi ng. One of the two val ve openings is preferably
Hening Iarm fsflange peoddelongarcs ﬁl?é'@ tnvalnebedyl ipeacpess jhe J@ﬁended

I t t of
105%‘“ TS0 U BF sl e pb e noBise ! ©
openings is preferably a second-stage val ve opening
f or nlee padesthldhataionsediothy ffange ethe kbl partich of tieswiner gy !
Efludfrom e first-sta val ve 0 The . .
el A By puctsr, B R i e b (SR he Ropigne arca. To
cohbéitions] VW @eh wad thdGiterdBaRébrot thy ea1% BOBY A1 thiHrekﬁﬁ that set the
first-stage val ve opening in accordance with a

mpiswe: dpweiee of thaseemdTiiase vatwgapeniago waag én gedopdance with the

L —.

stdg@d&lvb}b thiag padasablalportidn Mehe{od B&ly/@blaced along the throat of the
PCT/ US2004/ 044067 The effective dianmeter the .
valyecody fa prgEve Qwequf&ﬁ pryansede thesvicIRHY of fierwerkingsares of the

ﬂaqé’i%? Whfle HEY Aiﬁ' Qﬂ? @fafr@: e? Méesegélﬁ'lr@%gaef vty (ﬁ%ﬁh{g{}g Heifred larger

ective er o firs
thmpﬂmmnmedlaﬁmterd]fslmdmo@mngaréi uid from t he housi ng. The
spaci ng of the second- st age val ve openi ng fromthe

;lci i tgtﬂg\{?b YoL, élgear gg[)éa lid\égﬁgﬂﬂ%éflat supports first
an@ seiRA s8alf Mat SitdiedRpg tﬁefﬁ‘rsﬂ‘ 4rn@6oridOsth v AL G dAthes THBe first seal

pedestal that connects the flange to the tabl'e portion

asgppiatadewisa Fhﬁéirbfosiyge Yﬁh‘ﬁ @eabigwmamsmbaswnentemaéMe opening

tnep 8 ol Bished b BRESoR RE LN P iR EeFP il e §ob surtuce

of teaabla) The badyd Is@altabéo‘élaltéﬂgw% tHelRéor@edtadd WalvdiBpeniAgBircumscribes

di aneter of the second-stage val ve opening. However,
an jextegnsd rlya Apening fasmed onaperipheral susface phithesollak tBeth seals are

en e b9R it SRR BEOHERS SURREE Ind 45 sogf and s
depnmﬂingcnkuofortehgagiﬁg e sbaﬁhd sdhls Thatied-stige Realtifiprefddabigtan axial seal
of the valﬁe body to .preserve the reqU|red cl earance

that 15 qomapressed By ey 250! biaging ks ARpLisfldy the peppst. Thesggend-stage seal
is pefekh16 ?Qﬁfé i HiallsB8 Jﬂ%ﬁﬂ? L SipHlbihdieryp e CRR 0GRt 3 pLhipheral rim

openi ng si ze
of the poppet. A predetermined range of poppet motion is required {o disengage or open

the second-stage seal. The purpose of the second-stage seal is not to confine fluid within
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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than the inner dianmeter of the working area. 15 The

tabl e portion of the valve body preferably includes a
WELIPHP60FWat supports first and second seal s tRGEUS2004/044067

circunscribe the first and second-stage val ve

openings. The first seal associated with the

first-stage val ve opening circunscribes an interna
papletiatopngagergent t\mﬂofbg iwo lseals ol hedreight ofr e paststip get to maintain a

te C roat h
BB el bl 0 0 ROUE O el gl prtont o
theRempresiog s;]s:ﬁra@ eSiMed the sepRis Hojettrabuvstikitiids, tBE s@ports do not
ext er nal ve_ openi ng forme on a peri pheral surface

lnéql‘feé'%‘éfl"béth‘é{?flﬂ%%rﬁag dlagge  engaged by a prel oaded
poppet haV| ng a disc face for engaging the first seal
and dpeand i cﬁll%bﬁﬁ hieids gﬁeﬁaggézﬁfr&m%a@&eﬁgé %alve the table
The rst st age seal |s preferabl'y an axial seal

togethenm:bh ﬁ.‘B?SiBﬂlS lalsogmefarably adaptedito garfrarccepeaippriak ehlblyl Slureundlng

PP e 11V ge LR prRe A ahi sl e GeiepVeshyg s nd tho i

anll ihBludesembiktBipafor & Hﬁbﬁég@fnpbh‘@dﬁ&ﬂﬂ’@éh vdume flows safely from the
predet er m ned ran e of tg pet nmotion 1s required t
ep

prsssslmhg%demceo p]élﬁ’ ergty prighesal shieldie @lapﬂuﬁdéaqbqubtbe table and
th\%-flltd hat ?thl'gﬁllg g&@%&\bf eﬁ' thd éuék%? tog it§ g&ﬁr;ﬁgﬂé?%{d éﬂcgmmodate

ctrical equl

- dipfefiig dﬂeﬁtﬁoﬂmfanercﬁgmﬁfge pipkd Alteeigh ipiB@osIIBlctib elamp the shield in a

fiqc p,%%it@?l;éér el Sqyueion Gplatts dan BEF TSl B i Deified fo the tablo
at&%&féter Llaﬁg%j%égYheﬂd&ﬁéﬁ’E&ﬁ nglonc‘QfﬂhE ggfnpﬁéssm spring

Into enga
mﬁb}&nﬂahlymfahesmtmcmhbacbbétmenm thetpariphosd shield. dnlogler words, the lid

R AL T R b S EE en
/ r@t@g&g Br ‘Jﬁgﬂﬁgﬁz@ﬁﬂ/r é&@g theROMBSL 1ilNEetsERGAGR %ﬁf&' fasteners

vv|t the two seals. The height of the posts is set to
cammdiervsed haold hestisddimd fizel mspmnaFomttab lid tthe tabbd preferably

t ed th d t-h .
inn Bsred o5 i gmac s e brove T spRts flayabye " The td
cahihR boREd B th& hﬁ:uﬁtiﬁ@?bét§ TRe RGbht of! ﬂieemﬁﬁtﬁtﬁlg/pdsbs dali®e used to

wor ki ng area of the flange. 5 For collecting and

regiplptedhe epyupresFiesoliihe eprpIFSHOR F¥IAG he t wo- st age val ve,
the table together with the Iid is also preferably

e PiacvEPabaRb Hofiofl QAR HouPRB, foBGhRUN dbtica

equlptnaip hﬁlﬁll’%ﬁambélt bp?]rﬁ@tlﬂ'rcﬁlnded lbl_seaa bol cirele dlawm(gl eTBﬂzﬂﬁiard
mount j ng for i schar ge to direct VO

digmeiorandparins peaien e boiteddy PRI s amowtinEdiangs Wil Bott

re%]‘gﬁg g%l?ﬁé%sé %lgéh%d Rt #R&ERHarA Mok citeleStof ABLHFASEHRSRYS Ser the vent

opening. The receiving features define a working area of the flange that receives the bolts

together with their washers for attaching the flange to the conventional elecirical
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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10 the lid so that it remains rotatable in the
direction of its periphery to accommodate differing
W& 30846473%ns of the di scharge pipe. Al though iRCEES2004/044067
possible to clanp the shield in a fixed position
after being adjusted in place, it is preferred that
the lid be fixed to the table at a predeterm ned
BREFCPRICRPEON Ol I8 SENVEIR AL VIESES DFTIBE DRAWING(S)
conpression spring independently of the rotational
adj ust ment of the peripheral shield. In other words,
t he HIGd 1 i irangyewst erasbisyctionaintiyw aff b aotresitippaltpresstuzlrbbef device
far .conpressi t he conpression spring w thout
foﬁg’)lﬁ?tiﬂf’%q?‘g{nfp%%usﬁgst he shield with respect to the
table or lid. Setscrews or other fasteners can be
usedIGo2 kwod sidé hizwstl @Y ewbrésshiexelibfRieeict wath a $961d for directing
aé‘i% chi n%the lid, the table preferably includes
the @61"@0 EB%%@W%@GWWOH mounti ng posts projecting
above the table. The Iid can be bolted to the
nou ng; 3 St .
po. aq  [EFBS ek vOY Glhy Sl pREAIRAIArAGROSlR (8 hicla
rerpoyayrsbewingintpmal sgppdrtingsttucpircsspaneing afdap betweencatblonnd a lid

for .ny new PRD. .a conventjqnal electrical ui prent
alqpg YU VRO 2 ALY DURER RIS < P CSFUBRSTEQN on BRtESIE: r i
having a standard dianeter and spaci ng between the

bol F3G, Ms difdphaied pertBbitivieVibw bAINE ©abM ElbwARL tinternal structures
recei ving features aligned wth the standard bolt

including @ threat alangvith jre Nelverm! mpuntiagydngent 25 openi ng.
The receiving features define a working area of the

fla { ' ey A [

neohigs) P nRrEsy BN ew LSRhR e thbbGids of e
presiuwe telief déviceequi pment housi ng. Since the working area

nmust be kept clear for bolting the flange in place,

pri two- st age P have had linited size valve

ope bR RtEc BRaV S Vg™ S REiEdhe poalsibpkRuDPRR & bwo-stage
Val@%_ﬁr?&hﬁénﬂf the working area. 7 WD 2005/ 060720

P US

2004/ 044067 BRI EF DESCRI PTI ON OF THE SEVERAL

VI EWs OF THE DRAWNG(_&IEHG 1 is a transverse
DEdJEEDSRESCBHATION @F PHEINYGHVERIN onal pressure relief

device for electrical equiprment housings. FIG 2 is a
side view of ny new pressure relief device with a

shi €heldrapiingifigeres.i FIGS. 8 -tthdlustretcharglermed ehfboidiindat ofithe
: devi ce. FI.G 3.l.S erspect.i.ve vi ew of ew
i b ieen 36 B RoRB R RO ol et s e o
accalmWdag: thidlelariRk HWORES thrdgls h CoifertiOSal TRAMANE o ApSaP
between a table and a |id_
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 sloited openings 58 for receiving bolis 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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along with a view of a val ve poppet seated in a cl osed
position on the table. FIG 4 is an expl oded

WEL83e87I0ve vi ew of the table show ng i nter nal PCT/US2004/044067
structures 10 including a throat along with two val ve
seal mounting rings. FIG 5 is a transverse
cross-sectional view show ng the i nner workings of.the
pr esés elowreimord clealy wd?1G-b Ghe Gvdrking areard2arfghel flengesifelies an inner

dlg%‘lg{v 5?5' gl\hNk m%ldteQEe g’l%ge of Bcrﬂ% 60° a}@por L a@%% V%l\hust beyond

~ thekcirdidiof bbNEHOL| Alhdie tee aniststell idesipR Showd &S fladge S@attached to the

illustrate_ a preferred enbodi nent of the invention
qqﬁtﬂgu%ﬁmgmhéﬁlﬁhogé 68 es fasteninesslgmentndhe @ﬁd@n@am 62 of the flange 56

f
a?s%s’dér drranf {;c}]ﬁ; regﬁ% Gstels o%%ﬁ&"%f&qm St | ha fuog]{ugﬁarr aftaching the

ow rates rou convent1 ona
flanpelbénig &t honsmigZ2. The new pressure relieve deV| ce
(PRD) 50 nounts atop an el ectrical 20 equi pment

{1 B ts Hafed S Pl en e et F v edy 70 fhat

inBluaBed pedestal T3 ﬁx%jlbcﬁﬁg ﬁbdi%%hé Hafigy m{d%bl\élﬁ&h&%&%nﬁiﬁe pedestal

arranged in a conventional pattern (referred to as

Terhasiging tag ﬂaugve‘ida oThesped@S@x’l@m a gehenally iututar foinp ancé ghares a

oo {8 28 o o MG o5 G AR TEbG g B

subahmalmoastsl@t cnmaeemamﬁg ks R gt Wedwbeh 1B flahife §6 and@ie table 74,
56, which is defined as an annul ar space required

Wlflslia isqreteeabines leras a5|adigeisesy of thayemiawsning 5451t isghythroat 76 that

L T X

thé howsingi 22 nSihes thﬁ4h1joatsdia1ia:le&r ﬁl& is substantiatlyethe barhokitze aﬁ@xe diameter

a an outer. di ter 66 t li,es_just beyond the
80&%&? e PPRRIRg ég © PIRFSHE it flﬁ‘écqﬁ H@t"i‘gﬁ &9F ageemgpdating

mmwﬁlﬂéwr&é@ﬂ&%tﬁéh&m@%cﬁd to the housing using

only the bolts 60 as tastening el enents, the working
area 62 of the flange 56 5 can al so be arranged to
r ec eihgdalvie I supposis adwigestagsl vairerassenabiyi82dhat cas bk wized or

Y RN N T A
mdimitihg @ﬁllﬁs Babi@ 36,0@¥n BEbt ik enlarged view of FIG. 4, secure first and
second-stage seals 92 and 94 of the two-stage valve assembly 84 fo the table 74. The two
seals 92 and 94 can be fonned at opposite ends of a2 common seal body 90 as shown, or the
two seals 92 and 94 can be separately formed of the same or different material. Preferably,
the two seals 92 and 94 are formed of nitrile or fluorocarbon elastomers, which are
compatible with a large variety of oils. Additional information aboﬁt 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 ate 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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i ncludes a pedestal 72 projecting above the flange and
a table 74 that sets on the pedestal 72 overhangi ng

WOE03987 e 56. The pedestal 72 has a gener al | YPGRBI20@H044067

formand shares a 10 common throat 76 with both the
flange 56 and the table 74. The throat 76 has a

supstantially constant, diameter 78 along its |ength
ﬂtﬁe’@t-)'&ﬁk%tﬁgft nterpgl yalye opening @nd psuireundingrdepending ekirl K04 of the poppet

0P okl 00 0 OB 5L B MSBhg v i
The sisadeet 2o diie tdppeptassusitivelyedchtsagdiow the fif0-stage seal 92 with a
Bl R GROEBASSSM Gl Bysh R SR B o i s 1o

oﬁmetﬂaﬁp&il@%hgifgeé theBlodtd-§ihs #8164 RRERIBBingt. UL isgcaond-stage

pressure relief device 50 provides for acconmodat
sqph Ritribich ioshaped ase Wipsnblalde, decomsinedat§oa sk ravgiolof afi4l motion of

A . - e_\val ve asse 82 that can be

R BaNdiRe Bt A0 SRl B B B R e, 1 0 hor ki ng
area 62 of the flange 56. Annular nounting collars 84
and &he pepgen 1 0@Btbiased tlte eafdg@naactwith®otindeaks|oQ, 94by a pair
secure first ang 2% second- st age seals 92 and 94 of
CQERreRSiRn Yrigs 100y V8 thal seneanjingd befaveen sha pappet 100 andadid 110.

; : I t+ 40 ' f
Molfiting BoHe 1 DXt A ST O G R7OPRSh Ol 9958 112
prajest Gamdanssdsd 14 dltrase elenly spacabarotind the table®4.0Bolts 116 fasten the

G410 LR pE } P RS sprpr s i d-pepmeesn s S04 RBratiin

piobéieinifE @R & the b4 e Y16t ¥ue fam%hhfof spring

Addi tional information about such seals and othe
cogenrassion ssts a thoesholdguessutevequinsidioblifting thepoppet $8Qiamd opening the

oG LSRR, AR B e b e S B osion
springs £06GADR ake showh, & Binighe éb@ﬁ;ﬁbs}éidngf‘égﬂhg QF 8iRfbAYing device can be

reference, The first-stage seal 92 defines a )
useql fosget $hedfeeshold orepsurevequiedprlifting theponpgt 400 depending upon the
j [ e t e se 4
AEEERLY Bl TR A8 551 835 5702 e ot
ovienwihivh fanid pfdsant iseffattiaoirdiftifB theiRbpetaf00viRi thedfiBt-stage seal 92.
cl %?ed by, a spr.i n%- bi ased, poppet  100. A disc face 102

Thsreliseave or P8 0T Sregend-stage seul 24 defingge sseqnd ayga gvsy which

fifid 9§daﬁﬂltg iflro¥i6h AROR4 -QQ% tephal v‘a!ﬁ%%%é%é‘%@&?eouﬁ/@ ?cg. lifting the
first-stage rnternal valve opening and®a sufrounding

poppetel®@ifimgn ghel secoribstagd seah@d. PBlppwicond Hi@a efilegesoridrdage seal 94 is

I ITRITN T TR
to 299 Pﬁigv%&e\?m@)tr ﬁw%éu& Hif@hgy the9RpFetA00HE PdledsB rdshire hodthRidSied within the
housing 52.  Although area ratios of approximately 2 to 1 are typical for such two-stage
valve assemblies, other ratios can be used for adjusting the rate and height at which the
poppet 100 is lifted from the first and second stage seals 92, 94. For example, ratios
irarying from 1.5 to 1 to 3 to 1 are within a range of normal expectations covering a usual

range of conditions,

In contrast fo 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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conpression fit that blocks flows of fluid through the

throat 76. The depending skirt 104 5 of the poppet 100
WEnayed730he second-stage seal 94 with a slidi RLAT$2004/044067

The second-stage seal 94, which is shaped as a w per

bl ade, accomnmpdates a small range of axial notion of

t he, dependi ng skirt 104 while maintaining a seal ed

PeRyHY s eHectivEBamelsisdd 06 of the Hesbdndrseerndnyjagpevabve openings to

R SE AR el R Lo OB PR 1
igstéadch Haintaintify Mudivl cTogranos bewkiR tRURPGtdze VAR elakebnl) and the

abgi\#g t he tafbiie 74. The nmounting posts 112 project
war T flpngs 56,y neyedesiEnyRERHS tebyn gtagnaalve assembly 82

: ogl%gé fﬁbl?s'474, RaldhSs H‘lﬁll%' %Fﬁ@&r&rﬁ fhe fldrfe 560 THE gtem}{%aa? gé%épports an

or conpressing the conpressioff Spring
owthhng pertiop B8 dé tler tabledd = pheight“He tbwertht werltiag bea B2 of the flange

nd.the. |ljgd.,110.. The upt, of spring conpression

Bt BEie} R Sulifieat Vieganelyr Peroeehp Serrig the bolts 60

tlrongethe FdHo@s¢l openi ng the 15 two-stage val ve assenbly

82. Although in the illustrated enbodi nent two

conpression, springs 106, 108 are shown, a single

conpr g@ sfigetiveshamefer?6 of the firgistagevglve@pining cambb sized just as large
: [ I ui.red for .

o4 A0 of e i ERE S RRCIN G Skt ot i lows from

thedoneing 541 The sffétitveafidraetet 9% ofliha gedond-s®fpeoklvelening can be sized

.first- t%g)e ﬁea{ defines a first area over ich

in4 iy Felui heeTopiie firmgter 86 of fii fmstesrvalppRaninEDgithout
trhelihi T, '

gAY the bhteids r@«ﬂsusifgiégo%%d bythe xk}‘ﬁrkg@g £64 bY 8¢ the flange 56. In

aneter of the second-stage sea nes a
thedlusiatedrasebodimentyfhie effectiveudismetse B bfithe tsbeomdgitagehalve opening

et thE HRECIaflsis O of 4 Ve HES 62 £ b hdeab.< Baweyer, the
effdttive aReiiorARST (e sdebfd-3E0VEvE bpdnS SRl al&ﬁf-éic%ed the outer diameter

referably larger than theé first” area of t
66 pf the flanggjworking ar9@6By a ratio of approximately 2 to
1 to provide for rapidly lifting the poppet 100 to

| e P . |
A PERRSRESHEE AT Bt BBl 5 SR P
oveyipingathefvosrkingalied 6o sthe dlangy/ 56, VEmas slNHUgh @8dialdf Hedilapping at

I
ratios Fc!ban bE' used for_ adjusting the rate and hei ght "
leagt paih oL e warking g2 afibe flangs 54, dlae yacend-stage sqal 94 Inavdally offset

R85 3o AT APy g T

abowe thel flangp 661 §ht|3 pedestab V2 extegdsethy Sulve goﬂﬁ rgalopg angh thﬁ throat 76 to
canditions contrast to_prior signs.in I C

o FEY bR 92 Bredbraiay e abrorbrries 78 angeieshronehen it

leS8RbSa ﬁ&@c&)ﬂaﬁr&ﬁ@ t@&letdﬁﬁn&még %@ %ilgtfop%ﬂﬁg\@grih 'ihousing 52.

area of the ange, ny new desi
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 assemblyl' 82, the table
74 supports the mounting posts 112 from the bosses 114. Although the bosses 114 are
shown projécting 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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WD 2005/ 060720 PCTI US2004/ 044067 permts the

effective dianeters 94 and 96 of the first- and
WOLHBYR0ZW0age val ve openings to be sized as deiT/ggR004/044067

for optim zing the discharge of fluid fromthe housing

52. That is, instead of maintaining a radi al

cl earance betvveen the two stage val ve assenbly and the
ﬂwdﬂb&b Ag Altemativelyf the mouhting pests612 equld becomsictyd directly to the table

IA: val ve ass
o'y ek o APl P By £ SRPR o e PR R fonoven e
bérdws pleld&ﬁitaﬂaleWZ sﬁmrah&r@heraDMﬁﬂﬁllﬁg portion 88 of
the table 74 at a height "H' above the working area 62

ol ot BnEa TR SRSk L0 raclonts S weer by eehiheanegAged the lid 110
sﬁﬂ’dtﬂ thdvd ét%kg‘?ih@assgrﬁﬁly%fzf &Gl Jugﬁal gﬂgkﬁ Toz%ﬁed% the table 74

t he flrst stage” val ve openrng can ] ust
positiqns theperiphetah dudlldanpiwe o8 Ghaotablehe\ wnbma:tymmhgdiﬁllclbarance

R B 22 e 5 L e 38 74 e
by ﬂﬁ%ﬁﬁmﬁhﬁ@ﬁstﬂ aly euwseﬂierp@npmammm @@Itot fofat@ afd@ad HfRhnnular

ratio with the effective dianeter 96 of

slp} Y& uniil defibeyatply seapedinplacd bnosat scrp@gamhqr@emmg mechanism,

Tt R LA Wi BRFE 2t BE R B

pc&fpmexal shzlelddlze vetieaxifl8; afd fatiallsate pekipticdd ehiekl VD is not mounted
eni ng 15 exceeds the_inner dlaneter 64 of the
F RAEDSIPR QT eempressionpthef ‘a’ﬁ%@ Izt 1*%%%*10 rotafein the annular slot

153 S8 KSR i B b SSRGS oo,
oljeknin@l@4wunkundg:ddxyqnpcﬁ_ﬁttm§ﬂeﬁseplmmﬂedm gee sidabf & pesipheral shield
PR bR BBl . BBE ot it
18 ?&Hﬁ’ﬁle&@éﬁtﬂr hitHone @t&@lf@f&ha&%@&%ﬁg R re X arplifar

working area 62 of the flange 56, the second-stage
orinstations of the dischdrgy piplef ddthough thm ﬁthag W26 ks daglczmba #&flarg in the

e 0303 g b N GRS v Sl S 35 i e desived

confi€ctioa] ¥er Babld, Q4 sihPREIH It Bewlebd BRtperiBhéral srﬁéls and a

first stage seal 92. Preferably, the throat di anet er
digqharas mis 16 saifietaat forsemgippkicatioss. | ength at a si ze
conparable to the dianmeter 80 of the vent opening 54

int 0 .
R 5. (O RS SESRR  cc
dlﬁéahmg:eé dﬁﬂmfp}rdmeunerﬁ‘t&n heki lajmh%lrsz%d@ﬁrﬁb@ ¢hevlkecred fﬂﬁctﬁa the
. t he ae5, e table 74 that |sits upon t
i?ﬁar&ﬂ’me yhere e S&Fﬁﬁgﬁgﬁ"&’ﬁé’?ﬂ framdhe pessyre relief device S0.
O%é%ﬂfgggrﬁg gg@bv&fhuhg @oﬂghkshsrﬁ't %{ag?’aﬁépﬂ(’ d% gﬁra%xgié Tl I);llld beneath
th@kyeldfdhe dlbd:heu‘ge pipe. Further details re gardmg the construction and operation of

peripheral shield assemblies are disclosed in co-assigned US Patent No. 5,937,893 entitled

. Shield for Pressure Relief Device, and co-assigned U.S. Patent Applicatién 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 resis on the
poppet.100. Displacement of the poppet 100 elevates thie pin 130 through the lid 120

12
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74 supports the nounting posts 112 fromthe bosses

114. Al though the bosses 114 are 30 shown projecting
WEAPS/H8RPe t he table 74, the bosses can be corRETURN&A44067

at different sizes and shapes such as bosses

provi di ng threaded openi ngs substantially flush wth

the top of 11 WD 2005/060720 PCTI US2004/ 044067 the
prodidieg 7 2isibhe imliqaﬁpnﬁat yhe nrbf@u:rmli@ﬁ deyicedthes beon epsyatad. A

ok PR oot ot LR o et ptg gt mancatty

redet, Aﬁ%lﬁﬁﬂsvﬁ“f&fhsﬁétﬁblyﬂgﬂ%@@ bd dshnetide td fRlphin 740 SolfReoSement of
a pe heral shield 120. The per.ipheral shield 120

tuates fleBIobe gk AT $igeal @ﬁﬁp% (npd sheyank Hehe pig 139 and the
b%%ﬁ* 159488 b 3P e o8 8 MeRP Efctirandil with soutine

vqn'mtwmarthéalahnfeigdalmgwsm on the tabl e. A conbination
radial clearance wthin the annular slot 122 and

ax' aszéltﬂg @ra[% elwﬁmﬁf %gpetgggy[alsﬁr%ﬁe%r% € P&ggwﬁgt \?&tz)llo%s Znodlﬁcatlons
caﬁ% inRARpAtticalirRY 1@ thePalv@sthithdbe tliﬁ'noddlﬁiﬁoxtt@ @nd @{iﬁ‘bﬂ{mn% systems in
slot 122 until “deliberately secured in place a se
kegpingwithy th@ preell deashingrnd thasiorentionfor a@raiming thih [imétations of the
Aor 110 together with the table 74 can be arranged to
PHSASt rain the peri pheral shield 120 both axially and

radially, the peripheral shield 120 is not nounted

under any tension or conpression that would limt its
ability to rotate in the annular slot 122 until

deli berately secured in place by a set screw or other
securing mechanism An opening 124 surrounded by pipe
fitting 126 is provided in one side of the periphera
~shield 15 120 for connecting the shield 120 to a

di scharge pi pe (not shown). The peripheral shield 120

is rotatable together with the fitting 126 for

accommodating different angular orientations of the

di scharge pipe. Although the fitting 126 is depicted

as a flange in the drawing FIGS. 2 and 5, the fitting

can take a variety of other forms for making the

desired connection. For exanple, a sinple sliding

flit between the peripheral shield and a 20 di scharge

pipe is sufficient for sone applications. The

peri pheral shield 120, together with the table 74 and

the lid 110, collects fluid discharged under pressure
fromthe housing 52 and directs the collected fluid to

the discharge pipe where the fluid can be conveyed

fromthe pressure relief device 50. Openings 128 in

the overhung portion 88 of the table 74 provide for

draining fluid beneath

13



25 the level of the discharge pipe. Further details
regardi ng the construction and operation of

peri pheral shield assenblies are disclosed in
co-assigned US Patent, No. 5,937,893 entitled Shield
for Pressure Relief Device, and co-assigned U S.

Pat ent Application for an Encl osure System for

r ief Device filed in ny name on even date
CE@?@@&H{‘&&%ﬁh are both hereby incorporated by
reference. 30 Guided by a bushing 132 in the |lid 110

is an indicator pin 130 that rests on the poppet. 100.
1D sphauesvers relief davicepop peuntigor be ehkceiat bpiphent Hdlsing over a

-lid 120 12, 005/ 060720 . .
VSR b i B i G B SR Ring SOEREBR: ¢ hat
t he phrdple etapehvilob haekb 6oy bR WRIEH tRiR8f Al BdbleAvith the vent
friction fit with the bushing 132 holds the pin 130 In

h
opersdpedisthomipg Smd fim thethousingnual |y  reset. An al arm
' - d to t in 13Q .
that® RafsaRBidnd 18 080 R4S RNIRETe. Re Pl Body i db Rousing

ower theivgntabpediangi ce (not shown). The pin 130 and the 5
at varying hei ghts above the

bushj ng, 132_can projec i . .
lid thi 81_31156 ARVBE FaneBular trorkingt aere betveen drnesrand ontemdiameters
ci@hﬁ\%&l‘bﬁh? nRl ih@d@ﬁ&%@heﬂ%ﬁwﬁgﬁéﬁt@ !fgleéjcta\éfﬁglg the flange to the

respect to a preferr , various
howsidesf i cati ons can be made particularly to the valve

structures, their su rts, and surrounding systens in

e Ho-SiRE VARG ORSPRERI T 98 56t acHclr FRebien Ang hcharee
of PRI ROMItRgthkdie of idivhREibeRy, of the 10 prior art. 13

CLAIM OR CLAIMS 1. A pressure relief device for

nourtfitpigstese senl sshling the Sest-stagevpwe npergsi ng over a

vent i i schar gi ressurized fluyid. from, .

! e o SRERL DAL Mol SEARRS Michel b7 e &ie patly donaiiging the
dissharge wﬁﬂbidt:ﬁ;bﬂd\kﬁdﬁr@t—stti‘ge%lveaigbﬂﬁg;b| e with the vent

openi ng for dischargi ng%lfl uid fromthe housing; a
f | adgec¥ipirseseHgealpg thasegandsetage vabve ensoing ng t he

val yig b Qb gy 1 r eni ng, the
fl ange ﬂ%éldnggan aﬁkﬁgﬁ%@%ﬁ%ﬁlﬁ gm;%g\é%t agag}%etqrnlﬁger than an

cifeetth ealinmesterdifahefimt-stage val ceiomnirgiyngpref@enin hendes:
| ocation o fast%ni ng el egents for ?ttachi ng the
£l aﬂbeesef:%n ~§jage valve opening being spaced along the throat of the valve body
from the flange;

the effective diameter of 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;

fluid being discharged from the housing when a pressure applied by contents of
the housing exceeds the pressure on a side of the first-stage seal opposite the housing,
such that, in order, the first-stage seal becomes unseated, allowing flow of the fluid
through the first-stage valve opening, and the second-stage seal becomes unseated,

allowing flow of the fluid through the second-stage valve opening; and
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housi ng; a first-stage val ve opening forned on the

val ve body for regulating the discharge of fluid from
the throat of the valve body; a first-stage sea
sealing the first-stage val ve opening; a second-stage
val ve opening forned on the val ve body for regul ating
the discharge of fluid fromthe first-stage val ve

openj ng; .a second-st.age seal seal i t he second-stage

val v skt FEHe ot 450 speia fie sclines RreNing clearance
alofig @hd 8alveViod)l BMRt&Es kid @RéndelaBcAdn 6f HRCHsMRing elements for
di ameter of the first-stage val ve opening by a
atfpchiggtls Bangsdo thethoysinghe second- st age val ve openi ng

bei ng spaced along the throat of the valve body from

the flange; the effective dianeter of the second-stage
2.val vehopeideons duaert which Agelidt s fomed®l & vafveld@y adjacent to

king area of the flange for enabling the effective

thgtanet @ 1y bedvate} Masgthoi g Hgb ovandsdne valiebespralongba tiront

di scharging fluid fromthe housing; fluid being

di scharged fromthe housi ng when a pressure applied by
3.cont’Bimt devake oftchémioinsihich £bieidSoriid ip esS@VeEb Y o the pedestal

ide the first-stage seal qpposite the housing,
@Jﬁ%mﬁ?&}ﬂ? ap ﬁxfaflﬁﬁré‘d’,oﬂewiﬂﬁ Pethaagnige vauking pea giihe fange.
unseated, allowing flow of the fluid through the
first-stage val ve opening, and the second-stage seal
4.becoheslenresadickdm 3 ml wivioh fig thblowuafortshike §dcundtstale valgd opening

t second- st age. va eni ng; and 14 .a spaci f

o S REFAPoLI T el GRERPRGA e 5 Oins MaRGERE fange.
provi di ng cl earance along the valve body to access
the intended | ocation of the fastening el enents for

-at t A1 #yieehel plaimdein hidhethh deight pf the pefiesta gubdidesoflearance

5
| i | -pe s forned.in the. valve .
befjs et ElbRRESRL Ao dha ¢ FR3hbatd SRS g suffcien
to eoighintetforng exthethel seckipe of teviastbasy chhng fohettddMiipathe flange to
3, The device of claim2 in which a table is formed in
the hysing v e body on the pedestal and the table has an
ext ended portion that overhangs the working area of
the flange. 4. The device of claim3 in which the
- 6. t ablTheglepivordfsclsine 4 seodrich gteagbleviathvdesp @ollmgthahast £ie internal
VaVxtended orti.on of. the.table tha gverﬂangs th%
r(meﬁlélga o3 lnterspction %fn%lé} oat and the collar as the first-stage valve

opening and an external valve opening on a peripheral surface of the collar as the second-

stage valve opening.

7. The pressure relief device of claim 1, wherein the second-stage seal is arranged in

an axial direction between the first-stage seal and the housing.

8. A pressure relief device for mounting on an electrical equipment housing over a
vent opening for discharging pressurized fluid from the housing comprising:

_ a multiple stage valve having a valve body with a throat alignable with the vent
opening for discharging fluid from the housing; |
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5. The device of claim4 in which the height of the

pedestal provides clearance between the overhanging

portion of the table and the working area of the

flange sufficient to avoid interfering with the

recei pt of the fastening elenments for attaching the

flange to the housing. 6. The device of claim4 in

which the table. includes. a.callar that_ has an internal i

Vel VB BBRETRgoBitedie THTE bOLE BGROBHONEHBO APEO0N 0 ihadousing
Oﬁgmkﬁkm%%éﬂﬁgfirst-stage val ve opening and an

external valve opening on a peripheral surface of the

col | e fangehkaving endorkéng geeavadapedopenicaiye fasteliing elements for

(=X eqrelie evi.ce of claim1, wherein the
m%%@%%g@%?%ﬁgt%égﬁmygn%rranged in an axial direction
bet wep&ietthefolied iir the 2819c 56@} aditént 0O ASIeHAd hBvind a height that

pressure relief device for nounting on an el ectri Cal
exsends preerlvarhadyisbapedhethreat; vent opening for di schargi ng
pres | | gl _f ' i si.ng;_a .
il o1 P BmbL e VBREH IS SHIHE RGSAERRL hilifen Lricpdporton
thatl dvgrimbpetheitonking eredefithe ftypgeri ng for di scharging fluid
fronhth housi ng; %5 a fkﬁpge supporting the val ve .
bodyRf FOIGHHPROIHG the derger QW o@YerPenigs 98B mgendsdeortion of
tht BB1/ 8L o PRIt i ' i F@ni
adapt ed (tJo recei vee& aéﬁtglesﬁ%gf @?gﬁeﬂ% go ﬁ%g ﬁ1egvtg E‘%ccﬁi@%lélgs can be
sizedanddpendpntly ofithe woddsg agn od thxeflasdealor hptimidbg flowhetes through
thvalve_ body adj acent to the flange and having a hei ght
f’ﬂ%{f’e’ extends the valve body along the throat; a table
for et dnft sbhid\BAY, Snbaskvciafbdtwith RRASEHR! twBAR/YEMGe@ o close
extended portion that overhangs the working area o%
the o vRixa gpenings thabrab faupering thedatger of thegmo wilve openings being

| nQgs th xt.ende ortion of, .the tabl.e .
Lt pOBERL S SBRIS, B 5P Bre R s dub P on wxal
ditebgonyahd e openi ngs can be sized independently of the
wor Kj nﬁe_area of the flange for optimzing flowrates
t hr dhgyheightipd thepsdsstak prpwding rleasance hatvesn the ovareanging portion of
: . val . .
thERBREI R Pk SR br @ e Ao Sy NG iy the receipt
of thecfastemigg eleofentstfer dttachiug theeflange w thg Sobdhy g

9. The device of claim 8 in which the working area of the flange is an annular area
between inner and outer diameters circumscribing the intended location of fastening

elements for attaching the flange to the housing.
10.  The device of claim 9 in which the larger of the two valve openings is spaced
~along the throat of the valve body from the flange and has an effective diameter that

- exceeds the inner diameter of the working area of the flange.

11.  The device of claim 10 in which the spacing of the larger of the two valve

~openings from the flange exceeds the height of the pedestal to maintain clearance along
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arranged between the smaller of the two val ve openi ngs
and the housing in an axial direction; and the hei ght
of the pedestal providing clearance between the

over hangi ng portion of the table and the working area
of the flange sufficient to avoid interfering with the
receipt of the fastening elenments for attaching the

ol AR kg d B Aol PP A8 Rl aaching e
flafgeao tHeglowsigs | nner and outer diameters circunscri bing

the intended | ocation of fastening elenents for
attaching the flange to the housing. 10. The device of

| ai [ f j . I a.Qf > | val ve .openi n
12" PASadealt el 1 in AR o rert v ARk T SR IR BRI B cpe oo
vdlveaopenidgsdishiasgennthaif fre etfiestbreddianieiceroft hat smAkE @FAle the valve
i nner  di anget efr ff t he working area of the flange. 11.
OPPREEH BY £ &1 3 fea5td 0 i n which the spacing of the
| arger of the two valve openings fromthe flange
exceeds the height of the pedestal to maintain
1| edFtentericalob nigim 86n whéchvthé tablebedetysuppomcihe smatléreof the two valve
i nt ended | ocation of the fastening elenents for
“PiP&%hi ng the flange to the housing. 12. The device
of claim1l in which the effective dianeter of the

|l arger of the two valve openings is larger that an
Hef f i dewicd jofwkaimarl 3oh which thedthhle inabides hecollaothabsupports the first

[ by, a.ratin .of at .J.east.2 to 1. 13. The, devi ge
and REQR 2 DY il PoiPinnRbibiRE B e s SHonipghioReh % cotar
fofial e ifferseltfont Ythy ¥ an@RRNEIIES - and4he I09ndl 81 ¢Bc@hscribing
claim13 in which the table includes a collar that

angx sl valve peening on a peipherd swirse oé tescollphe first seal
circunscri bing an internal valve opening through the
collar formed at an intersection of the throat and

15t he Theldeeice ofieldint héirswehiohUothaalls arerengigedrtiyi igloaddd poppet.
external valve opening on a peripheral surface of the
collar. 15. The device of claim 14 in which both seals

162" € T9RGRGEE oP¥iafn P S Qﬁﬁﬁ%@gﬁf&ﬁgsha%% oliRg | éat‘rgrlgt%lg{ is smaller

claim 10 in which the pedest an outer

thantthe inner diambiceof the mamkinp erea ofithe fingeret er of t he
wor ki ng area of the flange. 17. The device of claim8
in which the table includes posts for nounting a lid

178t The device of claim 8 in which the table includes posts for mounting a lid at a

predetermined spacing from the table.

18.  The device of claim 17 in which a compression spring is compressed between the

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

19.  The device of claim 17 in which a peripheral shield is captured between the table
and the lid.
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predeterm ned spacing fromthe table. 18. The device
of claim17 in which a conpression spring is
conpressed between the 1id and the table for biasing
a poppet into a position for closing the two val ve
openings. 19. The device of claim17 in which a
peri pheral shield is captured between the table and
he }id, 17 20.. The device of claim19,in which the .
2o 1 TGRSR e Q0B B e esliiet) Shisk Mahils o ppening for
difdctihg fldidstifaaERs fohPRetphGsieasidTRvicelah@fis ARMIKIE it direction
is rotatable in the direction of its periphery with
ofritsqsaiphery gvithespeatip dhetpbleend theldl. 21. A system for
increasing flow rates through a pressure relief device
attached to a conventional electrical equipnent
2housA Bgsttai fogimmtaanap fMdwsiats thRjuph G fredsareSielieOdRdeNdtached to a
vent, openi ngs .in the hqusing conprising: a nultistage )
copxerfionals eleFIFy FENRML JOHEHNS tIsiNg srtmmgg sigp th9ltpeirgle surrounding
V] : I d with the standard bolt
V%fﬁ%?g@?%}ﬁ%g%ﬁ%ﬁ%gn@ﬁg@gﬁD over the vent opening of
t he a wuliviept vanahsseinblytiravingla reoquitingehingd aibibol;re¢divdng features

boli receivin tures occupying. a rki ng, area of .
atigfed v tenhed PRk et 4O Mot oe PRSLGYSHahe Wit PPy of the
coVeShiBha eq)erctrg;ah@%iﬁﬁég%@g- | fastening el ements for

attaching the ange to the conventional electrical
equithereslt reheiumigriepturss peaipyingla vorrbjngctdanyf the Dangeithdtireceives the

T 08 S b e B M 5 i e

flanfeto/ B bordRAMGIY elebfical RN MENDBowdinge har ge f1 ui d
t hrough t he val ve asse%‘gl y; a tablr%esupported on the

peddskeestehpioinetingifiom Polimihenmowetinehflange adacenigtoathe working
arﬁ(BP pgle Bﬂtrlrﬁé g@é@ﬁd %é%\ﬁ}lg' g ?hﬁ,!ﬁeal reé'vrs}gh i avgr?f{ ﬂ}t)g]neing for

ange;, tirs secon |'ve "openimgs arrange

coswtyirgsdifchargedluidithyoubhshdrealgd sgerhblyi d  t hrough t he
throat, of the nmultistage valve assenbly in_response _to
a prcabiecpportsd op s perleatal i comnusicgion mathathe throat having an

exBhBSd 6l SN the ONDIIWea Bl HASad a1 € SUpPOT ting
at | elélst the | arger %f t egn%:ar st gngg%écond val ve

opeirsigmdgrcortdnealex bpeniiegd pompedm téras fow eaplidig slitcherging fluid

wor.ki.ng .ar ea t he f| ange.so that the valve openipgs .
e W SO o e BEIARE Gt 2 bW FBoP el bPredmined
prds@B @etht @bnwiatibidl 2icdflichl @Wipment 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.

22.  The system of claim 21 in which the smaller of the first and second valve
openings is sized substantially as large as the vent opening to avoid a further restriction

on the flow through the pressure relief device.
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rates through the pressure relief device. 22. The
systemof claim2l1 in which the smaller of the first
and second val ve openings is sized substantially as
| arge as the vent opening to avoid a further
restriction on the flow through the pressure relief
device. 18 23. The systemof claim 22 in which the

arger. of. th i.rst, and. .second val nings i.s )
24,7 9Ffe Sl i}, HnEE B Yerel ot B AP SFomd ve openings
isisiie@ faf Radtng Iavké Bs tHeeolteiRlPwitRbut imerflilg with Aredéipt of the bolts
associ ated fastening elenents for attaching the flange

andqny |9gsopigtedifprgeninmelempets dgratiephing thelflings w1the howging h
the smaller of the first and second valve openings is
an internal valve opening fornmed at an intersection of
24.he Tiabkwteandftdigini 21 oiat whichnithe tdigallenlofathe dirstt Bed sbdomtl valve
and second val ve openings is_an external valve openjn

Onepinge P andpisalivalve apeving fosmed alcan igtersepiion efijhe t bksan&lthg throat,
: . . . _
AT ARSI 4 Rl BRAL P o

arowldl aclateral sunfaceddttertablaed spaci ng. 26. The system of

claim25 in which a peripheral shield is captured
between the table and the lid. 27. The system of

25| aiTRe28stem &t dhen %Fdhpﬁﬁgsallocﬁéﬂ ﬁéﬂ)n%irlﬁcl: %ﬁlﬁrél &ftface of the

S
opening for directing flui'd discharges fromt
tabje cemngeicn lidioi th¢ tabilovat egredetermgnedopatizbl e in t he
direction of its periphery with respect to the table
and the lid. 28. The systemof claim26 in which a

26CONIeSysteR oFRIaiMP S if vaasE pesstird) ShiRIER chitfred|Hetivéddhe table
the table for biasing a poppet into a position for
ME§th the val ve openings. 19

27.  The system of claim 26 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.

28.  The system of claim 26 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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