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WD 2005(060720 PCT/ 11S2004/ 044067 PRESSURE RELI EF

DEVI CE W TH | NCREASED FLAW RATE BACKGROUND OF THE

| NVENTI ON FI ELD OF TIM I NVENTION 5 The i nvention
rwbaosecigsneral [y to pressure relief devi cesdififsanps/na4067
| arge, power distribution equipnment such as
transformers 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,

e bl e a0 RS 55 Lot A

di stribution equipnent by allow ng | arge quantltres

of tentlall% very hot fluids to escape fromthe
ONThe devi ces nust respond

before the housi ngs in which the equipment is

ine and in so responding allow a

slﬁ ‘ﬁng E%’f% fluid to 15 be discharged in a

sufficiently short amount of time to prevent danmage,

al | i schar he fI |d in a

manner %\ﬁﬁnggﬂi fe&zﬁﬁs%gn%g{y% E{fgsé“ﬁg'i"’fﬁ m@@"'{"’ﬁf

mmmmgmgbmumwf mﬁlswmebt V\szhﬁ tﬁﬁﬁi ArY filled with 2
r es ,0 e to i C [

sGRRH e e ER R S e St e s prsmrgpused by

diesenaalppesime.i c. When the pressure in the housing

|ncreases to a 20 predeterm ned threshold | evel

t val ve opens. The rel ease of
pressure h{%ougﬁr‘@ﬁé&lﬁrst val ve opens a second
i nt erconnected val ve, which has the effect of further

openi Pgsshi@eiidr AsficeX, %ﬁﬁlohf}{g&ﬁm 59 gkb \i | r\%ﬂ Jeﬁ@va the

secon
Bwinsed dresoie hat dae asoumutatain bousings cmmngrsueh Ebathﬁal dp&‘i’hanon

S ‘fﬁ“‘f"‘%‘%ﬁ%@ﬁh ST e RalRT st A e

borsingeipordbior Bmea Mmamndmefasmpmmm which the

[‘'ve ? IS"’Q@%’)eQ%&‘?Re T r %ﬂ?'})a! sﬁgﬁcﬁ%?@?etﬁ,?gpfhﬁdm

bw@s ghanged in e fisl mﬂmommmmngmrtopevmmatm VO

PR s 0 Pl SUARP ot B Pl S ciper o

Pens axpouipeeni located clas bp.  One way in which this is
acconplished is to provide two different size valve

Tybically, pressute selief devices of type to which this fnvention is addressed have
& two-stage operating characterisiie. When the pressure in the housing increases to 2
predetermined threshold level requiring relief, & first valve opens, The release of pregsure
through the first valve opens a second interconnected valve, which has the effeot of further
opening the first valve to discharge fluid from the housing at a hisher rate. The second
valve, which operates once the first valve is opensd, itself opene at & lower pressure than
required to open the first valve, The lower prossure operating characteristic of the second

- valve together with its physical association with the first valve enables the second valve to

open the frst valve wider and to maintain the first valve open for a longer period of time
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openings, a first-stage internal val ve opening
associated with a first seal circunscribing a 5 first
area and a second-stage external val ve opening
aweaeisasezzb W th a second seal  circunscri bi RgrRsREMAEk
| arger area, The first-stage internal valve opening is
formed by an exit opening through a tubular collar
aI ned with a vent opening in the housing. The

ibthe peessznin thethonsing is wall below iz thweghoidreguirethiet opeateg the first
gﬁhkpheral surface of the tubular collar. A preloaded
poppet in the formof a disk engages both seals. An
endf ace of the valve disk 10 engages the first sea

with Sngway Bh‘ﬂhlﬁlb*h@éﬂ greoraplishet! i fo providenmoatiffiven sispvilvey .
%pmngmaﬁagm aiveldFentfl afSbefiled siMIAA38a blimgoriving o

cond seal With a sli e produd
ared apd & spopnd-siage Rute we@peringassaetatedivrithot seaond aeal

i ngﬁgfﬁgt Iﬁ%&%dal ve di sk, “ﬁﬁﬁ-s{ag{j' cﬁis V“"‘%@é%ﬁfg’%@byﬂ

[
ﬁgv usfweiubularwﬂwhwd thmmttdpauﬂg imdhe homkig The

“%ﬁ%ond. DA PR B Bl PR e ot g ol

corre ;&é
weerted ppppet inghe-foms pfaydiskingages both sepbsn etrpdnd fiebyf théwenlve disk

Eﬁé&?argeﬁ&ﬁ Fﬁgﬁ%lrodﬂéﬁ%m%ﬁ@ygﬁg the. secondu@rea

shirtwf ‘fhervelVEdlsk etrgegesiiye sanand sead with aislilﬁng ﬂm Wiichdhe pm&w:t:dst‘ the

Srept e ket il Sressetpl o Bl e SiGml Y

wn spingvinribe valive disky e valud diek mdmplawdtfwopeuﬁﬁs the first

}}%&%e enerﬂﬁq'gﬁ'g S%Pﬁ‘%'dﬁ”p“a?“g%%%?' Ckl the 20 to

ﬂwscnnng arch amgpnse&hdhnptemmm%hoﬁmg mm by the

BBk o B BB BrosBiY P tnfnd 50 e pi e iy ot

héveingipeesens tines the ﬂmsamfbyt dmﬁwﬂtueﬁm ardAREXAMI IS tyF eIl Stund 2

elect “al h Si rmuntl flang
Y, Pk et gt e e ek o penng (b stcapd vaire aud for
opEhing ﬂmﬁrstcmlvd Img W:ﬂa' Both vahRe it 0l ﬁudah@n& Quickly becanse the

PR dy 1P ARG eind pesbiibe v e T sdeerar of the

seporidhvalvie greaﬂyleﬂobﬁs ol sy b tonbf o) theprBinhY fordeii®Rarbd By the
be. de rlbﬁ% hel ow,, .restricted the rate at

%p%%mp”ﬁr&g PPHECRIGRENAVERD, The rounti ng

flange has an annul ar worki ng area that provides
cl eaPRisard movntddainto mammmgmﬁdmﬁngﬂ at are

SR BPoont ol s o PSR s e iR o
lmluaagmﬂms afrmipednentof ngh bisles iEmdRt dr gs Sthiiadiezed ir0thé Rusiry and

B Al e b dnd bl o
hemwm&m&a/ﬂwmammamumy\m eBRDANd an outer
di aneter got by t he second st age ext ernal vaI ve

openirihg hi i nner
di anet er o he }Iei, hg ar eghn%h%&gea ﬂ%% owdes clearance for
bolting the mounting flange to the housing. The working area is defined between effective

inmer and outer diameters that ensuwre a minimmm olearence for boliing the mounting flange

L

: to the housing. The tubular collar, which hag an inner dismeter set by the firsi-stage
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i nner di aneter of the working area of the flange
determ nes the maxi mum si ze of the outer dianeter of
the tubul ar collar and the second-stage external valve
oporznusgsardhe first-stage 5 internal val ve opgRit@ook@soer
required to be proportionally smaller in dianeter to
provide the difference between the fret and second
areas required for the desired two-stage operation.

| lﬂ teragl vahv apeniag and anrater dametar sobbt thescool shageieniemsal vubre

ﬁégﬁ%gﬁ%ﬁéﬁéﬁzﬂﬁ%@% Mepli ot el . o, the

B
JB&@ working 4nes of thqélangecdemines thafnamhmwmkxftlg outer

A
S B0 b IR
sirtgrme} Vaéwmyng isgequired o bt peposivnatiymmbllenin diaetet i provile the

{ differer3ermroi i AR ol Brob 3Rl R R R e dd 50 Sags aneration

current deslgns I's s
==V} ﬂl@iﬁegﬁhﬁlﬁw era Mﬂtmmmﬂm apeitiungdidchaigs rasnthrough the PRD,

8 Bl o E Hhon 1 R0l o o B i o™

Tirneter afithe woekingarbeoef thnﬂaagmaﬂda(b) thoﬁ:huhaghmemca?ﬁdumon

gﬁ:upl ed%@‘m‘? g‘loo %‘i %gﬁi gﬂ@? ters 2 %%mﬂghfhe

PR ening el enents required to attach the fI ange 16
to the housing 12. A tubular collar 30 formsd

i nt eg ml&&;@% Eéﬂo%ﬂg% v&gfc!{&ﬁ%ntadesx é}ust %gﬁ& }, The

internal v near an I nn

dlpstrated FRDLG mmmt@avmvestnpmgi 14inl aaletpeiricsleaqmmﬂmﬂ:a@m,g

?W‘ﬁ%ﬁ%ﬁ’ SRR T 0 L Rl e i 16

ges WﬂMThng esh L defized batkeantintien add mbeet diaketers 22 and 24

SRR 7RIS BHNR) APt e R i S50 s

Smger6 tavbe kowsingaliZe & @ulmfcolira0 firmad mtcpalfyoriththeBMEY | 6525 2

BAESGLAB AN ST ol AU AR o PR 10,00 LIE

mdﬁmmm exterdl valve blenitio fSwnan otRithdat dl&ﬁetmsss of the

SRR}l 9 k bfncel e Qi U B e ot e

ecaond-stage extemabraliespeng 36 Isdodatdd withid (1.8, ﬁﬁﬂﬁll&ﬂlaﬁﬁh& fmer

SHRRG 2 o Wine e 2 BE 0t Aitea 08 B i i

fontmumta!g theelPRIR 10 pre thie ggusa:fg Iﬁhéhtg ﬂ%&&ﬁ\l‘ehﬁéﬂ EJlﬂaa.ttern The
er 0 e. ubuj ar, . co

RPN e of Pl e chtar s compiice g5 et g e
ealverapening 32ihaxie ntoetsarily pRopuRithally 3@ RinEE skdondltdab Sxternal
{R{ée‘%p i%nda #& acent to the_first-stage

ﬁ*gﬂ*é H?S‘éﬁ‘f wo-Afag¢ prerative, Elowerates frough the FRD
0 seribinited WAhE mgﬁmnglwdal S thstl ﬂgﬂ@%@fm&ﬁ&e‘

e v ni, n nd is Iimted only by the Inner

%%%%gﬁf%%%@}%sm ng area 20 of the 3

Within the tubular collar 30 is a throat 40 having an entrance adjacent to the vent
opeuing 14 in the housing 12 and an exit adjacent to the frst-stage nternal valve opening

- 32. At its enirancs, the throat diameter 42 is a3 least s large as the diameter 44 of the vent

npming 14_and is limited only by the inner dimmeter 22 of the working area 20 of the

3
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WD 2005/ 060720 PCT/ US2004/ 044067 flange 16 and the
thiclmess of the tubular collar 30. At its exit, the
throat dianmeter 46, which corresponds to the

| Woeonspenrzodi anet er 34 of the tubular col | ar pg@msbddamaqos?
significantly smaller than the diameter 44 of the

vent opening 14 in the housing 12 and Is Iimted by

t he géze of the first-stage internal valve opening
3@3@@ awthedhioknessor the @bulmwu@ﬁ A s exit thie stirods dizoietends,

i AHERS kol e S MR Dt P Gy

| sggller than thedixmpter 44 of theventoporieg 1 4 indhaticasiog 12 andds hﬂnit&dl’nwthe

TR R

are redoed hythe dﬁfﬂme lgbvden whmmmm&m:gﬁmeters 42 and 46

S Wbbe0Sr TPy Y B /M 8 by 4 15Vt apening 14
dp e hpysing ané@hﬁ lpmadtexmmzm ofthe thmt 4@6{: @ cthalinhytmibst diameter
%Eglre eferenceto FIG 1 that the size of

t ast - st age |nternal val ve opening 32 inposes a

limt _on the rate at which fluid may fl ow t hrough the

pr ess{Pugh penventinngl RRDshave, far aany eaes, [provided cffectivapressure

o e g St Bl o A K2 o RN

in the housing 12. = Accor

Fefeeroe da BIG. & dhatthesize af e ﬁ;st-ﬁagmtamak@lwfopm Alcimposas a Hmit
St S 2 B S,

S|ze have bee

ﬁ’é% thedmhi@pemcwﬂmm ofithe yemiggening Hdan &;ethomsiz@mj re

st il A B

honsiogss latger szmm:rs HabbssRYeq@ired] kbich involve

por daptrisel
S S e e o it e

fostorint 4 e digmetars). éhgbmmwﬂmmmmumm wohibitively
h nt housings w thout increasing the footpri,nt
reqU|red to nount the devices on the housings. One or

: ﬁo enbodi mants of the invention provide inproved

IONDs) that achi eve higher
fl ow rates cormensurate vvlth the size of the vent
openi | electrl i pnrent housi ngs.
o o SRS Brortiof s euseas S sres EEUAT e SHuge PHER wiieldeviees(PBDY)
sﬂaamaanatfcmmea foreiieve prRediRUR | b1R6cR Qi AR nbd2H3s fritfont

e vent opé&ni ngs

t d by th
ffSdsng 5 A6 ATBPTR 0 Sopivemon s habiugs ey e

_mmewmﬁnmmmﬁ@da dved ﬁisﬁ&%ﬂa?ﬁ%&@ SPM?A%Y!E':

en| n E{at IS substanti a é‘-le he sane siIze
%@@ﬁ TRtFE coMRRsRGISHe With Hhe sizp of the vendloperdgs inelesiningl
ﬁﬁ@ﬁﬁg& PhAEnIf ﬁﬁéﬂa&?m%&&&&&m&%ﬁ&%e flow of fluids
f&m‘?r ggs the working area o
usings any more than the restriction imposed by the size of the vent openings in
thehausingsthemsalves.

A PRD in aceordance with the invention can have » first-stage internal valve
openmg that id substantially the seme size as the vent opening in & conventional elecideal

- housing and a second-stage extemnal valve opening that overlaps the working ares of the
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4 WO 20051060720 PCT/ 952004/ 044067 nounting fl ange

W thout interfering wwth the attachnent of the fl ange
to the electrical housing using a conventional circle
owolansienr2oThe first and second- st age- openi NG iR ias7
at a sizeratio (e,g., 2 to 1) required to support

the desired two-stage operation for rapidly

di scharging fluids fromthe housing at higher flow

- paneting fnpswithdue inteferngiwill e etakmentodihe Rangd ty theeetcaly

Bk s o Bbnaf hefRe bolfy 136 e ShyoriiaSlagt pepigpyprnia o
Rt
1 o BOADR G oot 1 GG 58, TR e St
frilygwopeaing §s dd tongey mtabbm?\waﬁlhgm@wmmzt@ feinge aibihe
S8 ol el i o B 18 s sl i o inetet e Vent

epdning i theictegirisallohisinsg, (Rbdythey hiseaws Hiangds «adblons0%b 6r hjteh

el PR AR e PRBEDL Vel ve oy Tor

nounting the val ve body on the housing over the vent

openi Gag. exFinpleiof ange PRBSoranombng oy ehsctrivabuaiptoent Honsing over
B R b0t R R VBl s B i g P ighibre
with thearant openitg for ﬂismgplilgftaid frorh &ia%ioﬁsi%gli A ]flmgeen}ﬂjﬁrti ?ﬁ valve
Bt 8 g oo T3S oy e ok e T opSE e B s

wakingdseatal sptedat wereive fistening diesl erith for bitvchiak R VRAEAD e t@using,

L SR s el s e i P e

vﬂtdt tedy h]b:a% trl;ﬁm?itaﬂgﬂﬂé foemaiin HieW%lva bedy %11‘ thé p&leéthlaaoe
o. that, both .val ve, openi ngs,¢can be sized, )
P teh Foat b Bre Vi B iR 8 et erf ging e wering aven of
thfpﬂ':thSsZ H‘hgtabltemp;rm & Jdeker efum valve oﬁwb i |oﬁ€p?%‘ﬁﬁ otk fble
edest al, provides_cl earance between ,t he .
BB NG B B 2 g 20 BRCR TN rpvinghirn b sl
inflepbindan t Ay ﬂ‘lﬂemrh]jﬁgi fdaﬁbﬁ the o gevied c{iaﬁhﬁciﬁﬁ ﬂﬂ' ra?ﬁmﬁéth htﬁé‘l e
rece . e fastening el ements for attachin e
ViEn B beideb 8F apdilronietiemanrpeorare tilcaRgmaiooRiem of
thetablleand anidrltgy RO e NBeMRARE fo SO iREming with the reoeipt
&5@% ters él rc cri bj,ng tge i ntended,l ocati on of the
%ﬁ% atfaghing e Hanee iythe HAVSIDES | ange to the
housi ng. One of the two val ve openings is preferably a

R o ULl S hbectSiner aidiber | O

d Jdn e. dji schar of, ram t he oat
‘{w?’é*vi?%%sﬁﬂxﬁs R P Ipoaian ofthe faﬁf&m,aﬁlws%ér Shaching the
ﬂfmpsﬂo rigpshousin : 'hgr eﬁeleasfabé Mgivhlfvs esaalids lgtpaamt _ Nl?'ﬁ\fﬁst-gﬁg@wlm

or.negd on val v rr i ng e i Schar ge

JRREE Soriot G VAl Sord Sorpeaiiiod (b schapmichti g roph o Siost of
iherabrdody,age theathee oHERIoVEIvE dfeniips &f frefeiablyQ BioRBRIagS valve
opbihe fofmed SRS va ing the di -

i oim the valve body for regulating the discharge of fluid from the fivst-stage
valve opening. The second-stage valve opening has an efthcﬁve diameter that is Jarger
than an effective diameter of the first-stage valve opening in agcordance with &

- 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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30 than an effective dianmeter of the first-stage valve
opening in accordance with a predetermned ratio. The
| ar ger second-stage val ve openi ng, which is supported

oworbes/sirabl e, is spaced apart fromthe fl angerabiaieisosy
the throat of the valve body by the pedestal. 5 WO
2005/ 060720 PCT/ U520041044067 The effective di aneter

the second-stage val ve openi ng exceeds the inner
it effective dinmetocthe spopidisiageanlye opsinglercebdsthginnératlameater of the

P60 1R s R el ARl S e B P ve

ioptierizad for disehacging-fvid from the housing (Pioh spacigef trlsemnd-stage valve

DB o e I Ao DA 1 SRR R RIS sl fiises
flepsticnniiths Biteingwlandnbforattackity the flatge i thahgsaingo t he

housi ng. The pedestal that connects the flange to the

{ abl CTROiRaf onliéesAd Hinab Ao 1300 B0 B e DS

outer dianeter that iIs w ner di aneter 0

preéerally has g onferdiameter thaf ds widhin the irmet distheterof thetwarkisg wes In
. = Ao dhe
QutvREcRbARR S it i id el o Vbbbl st 6 U efhet tho

ix]
set the . maxi mum di anet er o e secon
s disnegonod the seeond-gtagovalveropening. t Howdver, irtaccordact it the

) Ly, ,
UEnOR P byl poldolor B yhVEHD pHiasE BBl R1KG R g gpoeme-
siagevelvaiopeningnn 4 iabie pértiomer thevales Hodyldisplacep kg thedironi gf the
t | J.ed
18 bty e ront B KB 8 R BEHE sond B 41
flanga gdiloenablingthe Blainaigr ofiks stcondmtage vaite diening ecinibed lage
j s I than the i

24 48 BP Rl R B IREERRD 975 he tabl e porton of
the val ve body preferably includes a collar that
supporaesabls rosfon of e velye bedy nrefuiablytinciudesa callanthetrsupymorts fest

. . ot I
oS48 O A Bl UG P vk 160 Bt

associated wt ope

wpgcialpdonith the Srslageralye npdning-ainvemsspibesiangntetnbiralvg bpenin
SRR L ) Al b o Bl 8 e s
ofdeetriele.s Tar seennd sel agsediated with thiy eecsmblatagib-\fnlmgpexmg_ oheumscribes

Pt SR A o M0 B A8 ot i RS e
Hgaged baaprelc@dghmgetm peied m:jquagpgthgtﬁm Beapeardd adi SC
BRI BB, 60l o R By
ihat i cornprassed by an Brigl hissingforat appied by ﬂbm pt:pﬁiets The Hﬁ?ﬁd&?ﬁ@ seal
ipYrefeb i Aol Ol 3 S B AoE Y Yoo B B & gt rm
af thetpobpet. A pvﬁdﬁbnﬁhéc?ﬂ?etof pqapenttgmlimgm':ﬂdtth : age of open

(0] 0 . I eterm n

Bl ol buopd o st BT B0 Gy b ke
thredientrivabaquipeneatiainging et to yrovidedoratiort Repidip @ widely dfifing the
popitk oned i hrebi1F R8sl ?orfolpgﬁizgg the hihslt-gtage seel hag boen teached,

Preferably, the poppet is preloaded by a compression spring that biages the poppet
into engagement with both seals, Ths 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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the electrical equipnent housing, but to provide for
nore rapidly and wi dely opening the poppet once the
threshol d pressure for opening the first-stage seal

bW 2008866720cached. Preferably, the poppet i s BETAISa44067
by a conpression spring that biases the poppet 30 .
i nto engagenent with both seals. The tabI e al so

%Iqelrabl i nclu %&ﬁhgost S%@g@ﬁé%te %@ggﬁgrts f.or

pﬂﬁd&eﬁhﬁb@&}:ﬁtﬁ@m@n Ghe\ MBI RR MDA kERiated with a desived preload of
CT/ t 1S2004

158 PSP FREg STAGH T R Sior Ao (it figpas o o

PiRReBe SAtkitRasorkaR af-a bi @B ARgkween the table and the 1id
associ ated with a desired prel oad of the conpreSS| on

he o dnopaing e geesRRE o BB i Syl e e

o&;géﬂkee with $egid i ﬂscﬁﬁéfemlyl dagtdng cami-e d pb:qmemhguéld sumbendmg

tol%s har ed fr he wgﬁﬁ e Val%gpm%ablﬁ tal’:leandthahd .

Cemfl intilea m&mtm@ ﬁfraldmahm ipeto divend nithlvglunie Hiowk welyﬁamehe

v e #ﬁﬂmﬂéﬁlﬁﬁﬂmﬁ? V3 patipnd
f 6 lidsockhstGitamngias Rtmdld i (i dire@ion BF i perighdtig écbmdata

safe fromthe sure,relief device. refer
e L éﬂeﬁ?@uﬂ&ﬁ ofthb ¢ s%a{sgpngpﬁi%@geéfmeh 9 lapy eéhwldm

kA pOstficheufi uéi:gcad}‘ﬁﬁn irl Plack QPR ipfeferfed tiak adellia ble fixéd 10 the table
direction of its perlgg t.o accomm e differin

At P Brrdetpomidngd spRcing g se I@e{%egs%pﬁsemm @nreﬁenw g
m&@” Erdletly oF tid r@ﬁﬁ?ﬂ@dﬁgﬁd&hﬁl tdfmap?phm%aa@umpﬁd ; ords, the lid
after usted in place, 1t Is preferre
tmeerﬁ?)b@%ﬁ tkeghaddo thedshlesr empagssige fie s B’QPTéFWﬁWBﬂS without

'_ Slﬁﬁﬁhg‘ﬁtah@n §8he HMd AR k&Bsbt ﬁ;%@lﬁﬁé 81 180 RbscibS or oifher fasteners

I‘eSSI on t%;l ng .,i ndependent |y of the rotatio
pricld & o Brrdimarition, Fon sitaching the hbhaietle nmfwably

P o s o A e
| seprbe bod "“éd Fﬁhﬁ#ﬁpwnswth eTheheightpfdhermonntingposts opw b waed to
trahhge Qe c&ﬂlﬂ'essﬁﬁb?%%‘ﬁpﬁﬁmdﬁt

Pﬁﬂ fasteners can be
used to hold the shreld |n a Xed p03|t|on For

?tn: SSM%B]BQe I Iﬂ?mqﬁihe t ﬁreégﬁabl‘% i.ncl Ulaftgeql. g

oSt a@avaﬂeﬁel m;ﬁ'é\.ﬁxd?d?b dlﬁi‘rcie‘hahhﬁastandard

t.of the nounting posts can

%”%&%33 5‘35%51:@%}%%&@ My RS g SRt g Wit Bl
EdWWith 18 sRndaYPhohRdircle Bt ﬂéﬂ:ﬁhﬂé‘ﬁ@ W& vent

for ) new P a conventional electr.

rvamél‘ sesoiyingdeninieh dating g werkinesuses therflmee 'ﬂb@ﬂr@wﬁm @pbolts

| f@em bR %ﬁ{e% forkiRRRh Sthe ﬁgge Pde bmeb@nime%ﬁagﬁ

has a nounti ng eW|th
equipment ho usmg. Smc.e the working area must be ept clear for bolting the flange in

place, prior two-stage PRDs have had limited size valve openings with diameters no
greafer then the inner diameter of the working avea.
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receiving features aligned wth the standard bolt
circle for nounting the FR]) over the vent 25 opening.
The receiving features define a working area of the

fwasgsosonmt receives the bolts together w thpridafindinssos
washers for attaching the flange to the conventi onal

el ectrical equipnent housing. Since the working area
nust be kept clear for bolting the flange in place,
@RIBF DENCREATAQN OF FHE SEYERALMEWSOF THEDRAWINGS
openings with dianmeters no greater then the inner

di a U@%{D of the working area 7 WD 2005/ 060730

PCTI 62 prasvrrseprespEccirsORFw of oronoriippst peEvERlicf device

\treBiriokl odiibmePROMANE(S) FIG 1 is a transverse

cross-sectional vi ew of a conventional pressure relief
devi c %Vl aI equi pment housings. FIG 2 is a
si de e ‘&rs‘%}a 18Y peeprotiuseaelied deviroyithe dhjeld fopdirecting
el didckbréendt Mlid ek tHd@evige. t Ne di scharge of fluid from

the device. FIG 3 is a perspective view of ny new
th the shie renoved

pres el ief V|ce
shows%*é? R Y R o Tyt SRSt e dotian Mith e gy
 sthuctived Dged bétvreh QtabR and  lid
valvwﬁ]?oge‘atfse ted in a.c ose%@osmlon on the table
USRS AP IDRRPCES RPRIEGR e the fble: abl e
showi ng I nternal structures 10 including a throat
al ondilGi 4 is anezplmﬂmspmw vigw Bi-'ﬂmﬂbrelsﬁﬁﬁmﬁﬂtﬁal Siricurdd
&Eﬁg‘%v osst ?vg naI vi ew, showi ng the tiner
% ﬁ Yecroql o ce. FIG 6 is an
enI arged cut away vi ew showi ng the seals that support a
G geis aratarerso possesthioal vidy shoing thehnRRHHRES b MY
| ON The draw ng figures, FIGS. 2 w 6,
I??E’'-'u&lsé'triglt?\lée@%‘iz;&gpreffered enbodi nent of the invention
i ncludi ng features of the design that enable ny
pr es S¥E5 if oy prdprgerbantay visw showing Hhedealethat suppdria tyerstage
A o\ &gﬁ through a conventional nounting footprint
unch nged in size, The new pressure relieve device
P 50 mounts_atop an el ect'ri cal 20 equi pnent

(RIBTION QF RHEROENGO™ i n the housing 52, A

fl ange 56 having conventi onal dinensions includes a

arr o B HehA BRE o peb Serrirrea rubremeRis e o
mnmnmmg foathiRe 0Pk UesiS0h ShMNsny aﬁf&{auéf'a isd 9t t ed
SBRRATER itk L2 dod 295 epgager=l wih the eo Tl
vnchanged in size, The new pressure relieve devies (PRD) 50 mounts atop an electrical
equipment housing 52 over a vent opesing 54 in the housing 52, A flange 56 having
conventional dimensions inclndes a mumber of slotted openings 58 for receiving bolts 60
amranged in & conventionsal pattern (refetred to as 3 bolt circle), The bolis 60 extend
throngh the slotted openings 58 into threaded engagement with the housing 52 for securing
the FRD 50 to the housing 52, The bolis 80 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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the PRD 50 to the housing 52. The bolts 60 al so engage
a working area 62 of the flange 25 56, which is
defined as an annhul ar space required for attaching the
fWanyso®d®Rot o t he housing 52. WO 2005/ 0607 2QT/US2004/044067
PCT/ US2004/ 044067 As shown nore clearly in FIG 5, the
wor ki ng area 62 of the flange 56 has an i nner

di aneter, 64 just inside the circle of bolts 60 and an

out er Agrhavatregre gleayHa FIG. S the wagkindbasainchf the-fiangs Fichas awinner
Fodcketer 6 fustthdiBOME Brdid\er ol 6PLAI3h Bhel\BBLOH: R ECd {8 beyond

jus
fl ange 5{3 attache oth ousi ng using only

5 51l Dolts 60n Mibpnahdhedllustreied desiantibownihk Fgedb etiecbal tothe
B RRY omly é&@@o@éﬁé@gﬁ%&éﬁﬁﬁgﬁg "““?“"‘Fﬁ%‘!} 8%of the flangs 56

washers or other elenen at aré usetu

&6 dechefiranged to tepeivigwashers poothdn ¢lemonts thatyars 2seful for stiaching the
Heedeisab g n bl ange 56 is fornmed as an integral

pgﬁ of a vg ve body 70 that includes a pedestal 72
projecting abhove the flange and a table 74 that sets

on t hErelelis theiTange 564 Emed-ngion inteasel part o eatechody i that
peuRs @ﬁed@ﬁmbﬁﬁr@ecﬁ%‘@bﬁé igg tﬂ&ﬂg@%@g faiafegg@ggeﬁ@qgﬁgeaem

commdn throat 76 Wt an

10

@ pyehanging tedlangs ¥aThe pedsstal 72 has g Benerably kubiday fone sud ghares a
'ﬁgﬁﬁ i { t d

te?}e t agxlfog?’gddf;ﬁitﬂ' i E:Hﬁ%lajg%yrze% ?lgtkgi y as @gf%éﬂzg ﬁ%ﬁG o

sibsisatially ooystast dinmeen/iFalong e ianatl bsiween the flanget56 andiihe sable 74,

vich iirepAil b ggg% ek 29 3661 thdWét 4P 1 T5EY iffont 76 that

relief” devicCe for relieving excess phRessure In e

Bovisenge posegsithvenshithaptesaws salicfideyive 56 for Pdlieving excess pressure in.

ool ) p
RisBLA] 527 Shike U Wil 75 R AP b s oF By Bt

e vent openin
B9 ef thejeant anégdhmmw@ﬁef fAeviderb0pravides/for atemniodating

SRS ﬂﬁ?ﬁk 74 supports a two-stage
{J/lg' ve assﬁ%&"??}v@ﬂ a g‘% be sized independently of
t he di mensions of the working area 62 of the flange

56. Ameaba 74 sypparisisigo-slegs waive assembiyR2abat canhasizsdst i n

s O A R R

HewHing pollagus4 agd Bheseercipridn the entrrged view of EKG s scogre dined agh
§Rhdags QLA o 0f BPAS bcPerd Ve ks S10 B R 8 le 740 o o
spals 82 anddcan be famedat dppesite sids oba catiniidroseal iodyr B0 sxshawn, or the
, 4 £
oS 9404 ol o doliipSy Bntncd o AR erk'or M el IRR Preterably,
the hypuiechly P2 and Yrareformedyes niteilei oo fiyorodarionn| slastofutel, Which ade
SRR R Y e B 2Bl Blrion afoly b e e

Getadls of wvorsage oralve assemblies Sir presvire 18l devings aindiscboeddin, cB4 8

 RREAIA RLEREUE Bk okl Y ird it D06 oL B B BRK ket

witch is hereby incorporated by reference.

The firsi-stage seal 92 defines a fivst-stage internal valve opening having en
effective diameter 96 and the sacond-stage seal 94 defities a second-atage exiernal valve
opening having an effective diameter 98, both of which are closed by a spring-based
poppst 100. A disc face 102 of the poppet 100 engages the first-stage seal 92 for closing
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whi ch is hereby incorporated by reference. The
first-stage seal 92 defines a first-stage interna
val ve opening having an effectives dianmeter 96 and

W 208000mMm0- St age seal 94 defines a second SEAREs2004/044067
external valve 30 opening having an effective di aneter

98, both of which are closed by a spring-biased

Iﬁg&et 100. A disc face 102 of the poppet 100 engages
t e first-plage iniemglyalye apening andje sw«wﬂws demendinp giny §047ofishe poppet

PO/ eebaihe S tade 61l Dit Fodlelosin séé&h Etﬂgé eﬂ(ﬁﬁﬂ ?alﬁqoé:eﬂmg

ngs

enjng and a surroundlng depe
'@W&G%a% erfapepet 198 pasitvsliens agiinstibe firspatagaseal 92 with a
CloRipdaglon ﬁﬁhm ﬁmﬁuﬁ%&@%ﬁ{wﬁd a5, P R3S sing JEF 104

disC face 102 of e poppet osItlve
R theroppet A0 engpges ﬂmsagmdg@m seamwm siiding S Thessscond-stage

ol hokls a5 Edk% o Pl it bUatld € Bl b U1 f6iom of
tthedepapding Ekirt HYew: mmr@ainmgaheahdsngagemgﬁfut The

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

bl ade Th#: ﬁ?gmd @tme&nﬁ@ﬁh@&ﬁﬂ&ﬁmﬂcﬁoﬂ%ﬂém fﬁathg%@gﬁ’f

kirt 104 e mai ntainin

t he depe
SR Pra d&ﬁﬁ@?mmdmmmhqmﬂéﬂ@wno
‘ﬁ‘“@%%! (53119 o tho il 190 o el PETIHE S i 195
M?@G mdossed] it ﬁweqémmedm@mdwm 74 rmus.ws fosten the
I
alaqmt&th@pss&ta 18 f&%m{ﬁseu%@o@%sm& r ouhgmg@&& 2

from bosses hat ™ are "even spacC
{Prgetermyiged sam& betwesa thedatiden 74 41 the ldil 101 The amednt of epsins

e peAlon SRR RS Bircalfe SORNUIALAR BRRPIND Ml ou e

Mltﬁxﬁevalﬂmsmbly B2h Althonghiin ﬂ:ﬂﬁllwtum:hgnbodmnt asionmpression

poppe E‘%’?%E Sherbk g bilith b fhe o bored MU
(leypehild proseure fequised ot ifiingiins pobpeel(0 depeanding upon the
E?%?%Z%%%mzpr. G Uhyete? B B e BRI B2 Wi o ot
eg% avhich fizid preswere mﬂf&sﬁwlfw hfh@thcl pq:pnid@ﬂ mmné first- stgge geal 92,
f or ce p| reg}&?&&%%gmég %eg? Q@g “8@#@?@1?“ 58“ ferﬁ‘!%{“%r which
fluid secaning thuovgh die frg-sthge intarsal aalve opehing dsefecteeor Mittigthe
IS Rl L ol B
YWeargedthaf the ﬁﬂt mmﬂ‘thb masm P2 Byl ﬁﬁb |gnq@m;mm1y 3
B W@;‘% A R W ppeit s o e Bfhemrt g pitit e
hausing 62 tHéhmnhppﬂmmmaﬁfﬁwnﬂ%iﬁ?ySeﬁpﬂﬂq@hﬁgﬂwaﬁﬂ*w@éﬁgs
S seal i.S
r ef%éraegn% Vs %%35@ W‘@% bplght ot which the
fappeitlos isdg’edﬁ?ml th@ﬂrampdaec:bﬂ? ft.@gnmt hg)} QgXF%m% e, 4atidsO
i
‘J“Qf“g%ﬂé‘ﬁ}ﬁge%ﬁé) 4 1o Do Sirkin astrisgiof pprrial q@%e@@l%wm syl
ahgeofoyklitionea rati os of approximately 2 to 1 are
typi cal for such two-stage :

In conirast to prior designs in which the effective dipmeters of the first and second-

stage seals are limited by the dimensions of the working area of the flatige, my naw design
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val ve assenblies, other ratios can be used for
adjusting the rate and height at which the poppet 100
is lifted fromthe first and second stage seals 92,

W0 2egecoeanpl e, ratios varying from 1.5 teCHUSD4A44067
1 are wwthin a range of normal expectations covering a
usual range of conditions. 30 In contrast to prior

desi gns | \Q,g% the effective dianeters of the first
PigFte g o &a@efgragﬂweeo Fithé Refto BSOS Iogp Rl PR.AmeRiBES o
Obe il ay\Bislebd @r o tﬂeﬁﬁoﬁa&' EnidRon RV hERRIGA, TiatVO

2,805/ 060720 ,PGT/ JJ$ 004/ 0440 permts the ef ctive
%Wﬁ% rﬂ@@f glparpiea b Pt ﬂwt%ewmasgmﬁand the
Vﬁbﬂtﬁlgﬁﬂﬁ G2 88the ﬁ@#j d@?gqu&t? fhe h06 s@@tﬂaﬂ?e %ésBbinly 82

he . d
hpi@aéﬁf I Viey amﬂmﬂhsrf‘?é%haf s e pedoEE G empmofie e

ms/awm Wt ARGkt NP el thé ﬁeﬂcﬁ{g%afs% oPfhe flange

V%e\ﬁgg@g}gﬂ%@ rcg’y new_desi gn supports t

Proyides sgficient g ﬂﬂr&!ﬂeéﬂwemmua@ﬁmw@wﬁp 60

of:fongl the Maigetsge fl ange 56. The pedestal 72 supports an

over ung portl on 88 of the table 74 at a height "H
area 62 of the flange 56. The

b
ﬁe?\éﬁt e BfifF @6’%6‘%9 é%#h@ﬁ?ﬁéﬁge valeepniag caue sized just as large

msmrcna:maodf&e@uﬁl d52 thNdiSa ﬁ@theﬂz%ﬂ&ﬁﬂ of id flows from
ft}]agq%g 53 ective gl aneter 96 of th
¢ Aqustug ‘ge ﬁ&ﬁﬂ% %aﬁﬂl%&ecg#dzsé%gejva@ﬁ opapingprpbe sized

%0 2 decired eatid m&ﬁﬂfﬁﬁﬂre%azﬂei@ 95 smhe BREEE SO obehingWiRiott
asé%mm&mn of fluid flows fromthe housin

g W&?lﬁh%ﬁsegéygwmﬁ!@n&s@@%omgﬁ In
\tad V18stRRa RIBEERR, %eﬁéoﬁeéimamaa@s%wss&n&-%i gé’vwfet dguemng
theg eptlve di ameter 96 of th first-sta

ﬁég&%mﬂdwﬁzﬁ fiheHanpes rliquastby

lﬁ‘*f’??’ﬁ%ﬁ‘ﬁ%ﬁ%ﬂgﬁfﬂnﬁ%@wﬁéw HhPEEA s outd gt
- &F of the faagegvay

kigg agabal ve openi ng 15 exceeds the inner
di aneter 64 of the working area 62 of the flange 56.

Secont s age el ve oo cen o ot ST e TR
ﬁgsgﬁaev@eh @?ﬁtﬁﬁﬁf@gﬁ'ﬂéﬁ KEHg althengh gadiallypwerlapping at
nﬁma%d&@@ém@@ sd ﬁﬂ s@d%ﬁnl&n gDkl 94%12:”&%13»‘#&@

the ‘tabl e 74 that ey
35 b AGboni Bos e arentbdghensdnin v b mapibiablar

aﬁwemang@sd T pbdiRtalVR dikedds BE 6%@&3??0 GLidRe M A fﬂ#%& 76 to

t he. second- st age seal 94 |s axl a set

Fsiciest fgenseald2s Praferablyicthe thenstdiar it engrned Sravgho, s
ikt o g ) %@*@%ﬁ% iofe ofig 52

t hroat,,76 t t rst e seal 92. Preferably,
e ochueiangh e ppderial T2k iodien Lib APt 00 Oarae g0 st ls

limited by the inner diameter 64 of the working avea 62 of the flange 56, the table 74 that
sits upon the pedestal 72 can be dimensioned in diameter independenily of the working

~ area 62 of the flange 36, For sxample, heyond the two-stage valve assembh; 82, the table

74 Eupparts'the mounting posts 112 from the bosses 114, Although the bosses 114 are
shown projecting well above the gble 74, the bosses van be constructed at different sizes
and shapes auch ag hosses providing threaded openings substantially flugh with the top.of
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l ength at a size conparable to the diameter 80 of the
vent opening 54 in the housing 52. 25 Al though the
pedestal 72 has a dianmeter 118 adjacent to the flange
S6otdosorze |imted by the inner dianeter 6%coisibgasosT
wor ki ng area 62 of the flange 56, the table 74 that
sits upon the pedestal 72 can be di nensioned in

di anet er |ndependently of the worKki n%g area 62 of the
ftheieble 7464 fw@anvelyraﬂmmunmygmnmuu connaeted damctbéto the table

112 ?ﬁr)%myt he oosses 1? %ﬂ?ﬂ ﬂﬁé J&g%lg’gggﬁ are
Jepsash blde the tabesTé suppprine periphiors) dhig 4111;20( able 74, the

bosses can be constructed at different sizes and

shapeThepéip hﬂﬂsﬁﬁﬁﬁmuﬁiﬁéhﬂlbﬁﬁeﬁdﬁbﬁawwaﬂ&gﬁeﬁ 4110
flush with the top. of 11 WD 2005/ 060720

bst [l
e Slegg%'(ﬁ?/ ea@se/rﬁlwsremhlﬁhm el Slog 22 Brped il table 74

{ngﬁgﬁ@ Eéalgléxalg.ciﬂ’ fensenee Attt ibRbd@ i bid SlelBte

or m ng threaded openr ngs
it g e et 1A2isnd extelclomsen hgtoesss e diRd 10 psbibp tsble 74 as set
te§Rhd BRnEng fosiURR Qllévﬁa iBe peighé}aesr:ﬁm i wo%telﬁamﬂﬂbeannw

peripheral " shiel d 120 encl 0ses a space between the
s €2 yndil detierately seouyechin@lase ks rebenter erpthen sequing m@g@sm

%hr%ﬂéaﬁrﬁaluo&%em anﬁyraﬁre 7%@1%%%%% rg% e

osi t1 Ons per1 pher

tedpherad sh;eld N%hﬂﬂbﬁiﬂib’i aaﬁ radiallmathw petipbarelshiglkdc0 mmorc ionted

l1d 110 and thg&l{’&ﬁu ;%v?isﬁd:dgtu E nﬁﬂ%%rrtgﬁn ngnﬁ%@tﬂg
122 uﬂilldeﬁrbﬁrmsesw W@arbyghﬂ@mwmqthmmamumeﬁn
SpaUS (ot bouniccly sl SR 196 VB! Rl Hao AL Skl i
1% &r cmsmmgtﬂw@hieldﬂwmar du@mge@rp-\mt ahcmé. Th@mpﬁml@hmld
120 b @RGE bkl iAot Blelg' 0P o bRl i gt
iosiemationsrof the dischaygadipe. Alipough s ﬁtrmgdaﬁ mdapmedsf o flanigadn the
PO MICE: Snfd S 8 Bl e b Syt Pt Bgf B bl Bieared
oonngetiogr menplﬁg. simepth alidingilit hetweenpba*pmgh%:ﬂzhmeld and 2 ;

n on e
Sl R: o ot el £ o7 Connecting the
shield 120 to a discharge pipe (not shown). The
per | pFrorpgripherd] shield 1203 @Eﬂﬁiﬂ* witlntha bable HMagd thedid WD dolledtluid

ori erﬁaat i ongﬁwm’gﬁg%% “%Pg{é%iﬁ %ﬁg&ﬁ& @?.}dtuthe

fischargegiverderesheiByitl candet cosveyed fom s nmsurh mlieiﬂm (6,
Phetiasid28 it oveifig bl BO0fiANNaU 1 ool ey s BEbourt
ﬁleslmféhaadlscharggpiﬁb.l m detrdls ragandingdiid qohsimtiomsinidepetation of

gﬁ-ﬁ&lh Bt ons@%g“e%g ol 7 &'% éﬁil ?ﬁ[%%ﬁeqt @g"fgszfr.s%e%ﬂed

Bhieldﬁmﬂrﬁsm Rah&fnmiae,l alldi cdsm;gnerbUJSeEﬂmt Appliaition for an
Enclosute System for Pressure Relief Device filed in my name on even date herawith,
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 elevaies the pin 130 through the Tid 120
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di scharged under pressure fromthe housing 52 and
directs the collected fluid to the discharge pipe
where the fluid can be conveyed fromthe pressure

rwb 2abnoade2ei ce 50.  Qpenings 128 in the over gRfimio04/044667
portion 88 of the table 74 provide for draining fluid
beneath 25 the | evel of the discharge pipe, Further
detai|s regardi ng the construction and operation of
@‘Pﬂ%‘-ﬁ&ﬂ&iﬁl dication $hab thio pcemirenciel devded H0dmal bean operated. A

rEveRPe uthe R Pl vl 10 B i Bty

g aviigh essemblyl34een bEnorinested to @ysdh 830 docthat movement of

YN S TP T

ﬁ@ﬂ@%ﬁﬁ@@&ﬂﬁﬂﬁﬂuﬂUﬂﬂmeymgmbﬂxheﬁgHﬂ320ﬂmmﬁh&nbﬁdﬂﬂﬁﬂnne

[ ﬁggf hat rests on the poppet. 100.
3%?%?acenen 0 #ﬁ@”%%%ﬁét 100 el evates the pin 130

through the lid 120 12 WO 2005/ 060720
PCT/ b desadie withoempestiv2 prefired @n@dnmmt,aanmurmddifmuons

PRFHER DHPURY e ARG SR 195 Pl WP ftadyoipe o

feprping|veihtheovepdldpaching ofits mVentmn uﬁalolvgtcummg elte Imﬁmt;aﬁsafthz
assenbly 134 can be connected to the pin 130 so
at novement of the pin 130 actuates a renpote Warm
or signal device (not shown), The pin 130 and the
bushing 132 can project at varying heights above the
lid 110 in accordance with routine variations in the
al arm signaling system Although described with
respect to a preferred enbodi nent, various
nmodi fications can be nmade partlcularly to the valve
structures, their supports, and surroundi ng systens in
keeping with the overall teaching of the invention for
overcomng the limtations of the 10 prior art. 13 WO
2005/ 060720 CLAI M OR CLAI M5 PCT/ US2004/ 044067 1. A
pressure relief device for nounting on an electrica
equi pnent- housi ng over a vent opening for dlschargbng
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 nounting the valve body on the housing

13



over the vent opening; the flange having an annul ar
wor ki ng area between inner and outer dianeters

ci rcunscribing the intended | ocation of fastening
evenwsoai7ioor attaching the flange to the hedginBsosmdosT
first-stage val ve opening forned 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

the ve body for regulating the discharge of fluid
f&hﬁ%€h§q%$h@éstage val ve opening; the

second- st age' val ve openi ng havi ng an ef fective

di aneter at i S er. than,.an i.ve di aneter of
Che 1 tr 2x8Birs sl SR8 ot Ao o ety oA Gosing over o
renf apening foe dizclenging mtagized Atiddoppihe hagingetngrigpac ed

along the throat of the valve body fromthe fl ange;

extcoon Paoiay fadh vAFF g {in SGAP AR iR Aokl G Mo

the fl angeﬂlﬁmé'oraﬂhdchangngﬂmdéﬁmmhnw ameter of the

R T PN T T

second- st agmer the vent opgningi ng from t he fl ange providing

ocat 1y s aiule? it ot iRl B85S 0 SR
flange to dihemhwmsigmh;mﬁndeimwhwdﬂfﬂtmfngelmiem fforiattaching the

whi ch a pe st ﬁ formed in the val ve body adjacent
to the fla edest al has a height that

e?t erd%—?&gﬂw&d@ﬁﬁm thmf lﬁdﬁngﬁfor r@;}ﬂaﬁﬁ@thl ¢l @uehatze of
of claim 2,i a t s formed in the val ve

body on t HEL EH@’&@&%"“&%@“VH&PQ e has an extended

porti ambﬁdaitage\mvh apgiingtiagodon kienghabedy Rf repfiigting the discharge
fl ange. ¥§%ﬁ$8§/0%ﬁ£20 PCT/ US2Q04/ 044067 4. The

devi ce of & PG supports the
seconthe sécagd-stigd Wave op@iy Haging n bifebtiox divmeterthfof igenthaf an

e e e

of t hite pededttage valva\vhéis: Helngapaad clondib MRe of i€ valve body
over hangi &gt on of the table and the working area
of theflgﬁﬁ'g §%ient to avoid interfering with

t he 16 effgdtivelisinbier the sbosti-diihe YRR I BRinEg eREccdhl B MrRBdiameter
the T1ange o wating arca ofthe flange for enabling the efective diameter of the
first-stage valve to be optimized for dizcharging fluid from the housing; and
a spacing of the second-stage valve opening from the flange providing clearance
'  along the valve body to acoess the intended location of the fastening

elements for attaching the flange to the housing.

2. The device of olaim 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
pedesta] end the table has an extended portion that overhangs the working area of the
flange. - |

14



housi ng. 6. The device of claim4 in which the table

i ncludes a collar that has an internal valve opening
at an intersection of the throat and the collar as the
fwoatossdoame val ve opening and an external yahX€004/044067
ri pening on a peripheral surface of the collar as the
second-stage valve opening. 7, A pressure relief
device for nmounting on an el ectrical equi pnent housing
over 4 Thealevicopfuliing if which thedéide spppartzpheesmeondisagel valvai d

S R R tﬁ%&ge’h%ﬁfs? bR g 1 Ao

vent openi ng for discharging fluid fromthe housing

a f| ahghesigpipoot dlain 4imw tiof thepedertal uovides qlmme
Bty RO Nt Fn G i@ 1t BEE Mron R 612 g affBicnt

teeaypilintatferinigovithriberoteipt of thetfistaning glemeuts firatipbing he fange to the
?&%ng, a pedestal forned in the val ve body adjacent

e flange and havi ng a height that extends the
val ve body al on the throat; a table fornmed in the

vaI v b Bhydevipe effednin ddewhigh ﬂm@lmvhﬁg agAllar that haseeg internal

%f&&nﬁ&f@%uﬁ &%H@&ﬂﬁe?ﬁﬁﬁ mﬁk%ﬂa - vﬂvenpmmng
e supporting the ger of t val ve |

epiem ctponabyelvaripening emelpatipberalk ﬁuﬁm@f themeﬂarﬁatbp geopprizetage
fg the working area of the flange so that the

val v

opPeni ngs can be sized i ndependently of the

wor ki ng area of the flange for optimzing flowrates
t hr ou'@ A pressugeieliel devigpfor mpynting ep gk eleciyios] pruinssybhousing over a

PR Ybetdd an@ﬁ@g%&hﬁﬁ%ﬂ%%%ﬁ tfpridig! | on of

wor ki ng area of the fTange

suf f | amnuliplesisgevalvechaving ewalee by withia o@mxsw@&eém& thg yent

the faste e flange to the
housi ng. - Pt et RRAR T PCT#%%’S%%M%? 8. The -
devi oet%@ge atpaomhngmia walibasty forraounting tha yalye kadyon thehousing
flange is, @Eﬁﬁéea bet ween i nner and outer
dianeters CI rcunsc g the intended | ocati on of

f ast dh¢ ﬂgnge bavingpnwerking mtadm to tpeeine feptening elements fog
Q?Ufiﬁggt WO vgpg%l ngs 'S sgage:jn which the Targer
a pedestal formed in the valve body adjacent to the flange and having a height that
extends the vaive body alongthe throat;
a table formed in the valve body on the pedeste] end 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
openingz can be sized independently of the working area of the flange for
optimizing flow rates through the valve; and '
the beight of the padestal providing clearance between the overhanging portion of
- the table and the working avea of the flange sufficient to avoid interfering
with the receipt of the fastening elements for aitaching the flange to the
housing,
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along the throat of the valve body fromthe flange and
has an effective dianeter that exceeds the inner

di aneter of the working area of the flange. 10. The
d&02e08/0¢720c] ai m 9 in whi ch the spaci ng of t peTlatwgeis4c67
of the two valve openings fromthe flange exceeds the
hei ght of the pedestal to mmintain clearance along the

val ve bﬁgg to access_the intended | ocation of the :
st ofi MHb deviheaiela: pin vitiehthe warking feea of therflgegaioan shonlar area
atipdt e sk butoT BAnBRN AR FD b oS B oliiing
effective dianeter of the larger of the two valve
%@ﬁ“ﬁ&%’ﬁt@m@%ﬂﬂ%ﬁﬁtmﬁmlﬁmgective di ameter of the
smaller of the two valve openings by a ratio of at

| east 92 Thoddvice b2elalii ®inGRNdaRs RgebBhdiwb valve Whintigs tBaced
t abl %H%@%O% po tg@h&g@lﬁéﬁr of two val ve

3lbas B el Hoplye 594 18 A0, v g tat
teadrieds the nerdibemdlor0Oth SordikPdresSd IR Mhge, f 1 r St and

second seals that circunscribe the two val ve openi ngs,

t he that..seal. cif cunscri bij an ,internal valve

openi 2%1 Wr%ﬂﬁﬁ“ﬁ“ﬁaé‘g?d? W&H%@mf argpriof fhedwe vake
opentiigs ﬂromﬂgaﬂma_ dxdehttﬁ thmligmflth@megtﬂ% ERRRRCIRRAke along the
| ribing an external valve opening on a

Suly ARG poceddfhs aiden focaon qt s Srtediugpeloniont Trtadiinashe
lezgerto 48 bousinghi ch a both seal s are engaged by a \
prel oaded poppet. 15. The device of claim9 in which

the pged . er,.di anmeter, that is _snaller

than' Fhet nPd O Bie 20 aieh REigtint AraCor oipTarepcor e o

Valvepeningsis 1ot fthiisad ffeciife cﬁdmitclmogthie B ﬁhthg o vl @gniﬂgs
0 or nounting a lid at a predeterm ne

g%%ﬁ%g??‘ﬁ%ﬁ%ﬁﬁé'tabl e. 16 WO 2005/ 060720

PCT/ UB2004/ 044067 17. The device of claim 16 in which

a corkds dhedevicesificlaing 7 ixswhich{iic éableadkolzapporte the stnblerlof tho valve

@féﬂiﬂ%@.e tabl e for biasing a poppet into a position for
osfng the two valve openings. 1 S. The device of

claim16 in which a peripheral shield is captured
bet welén Tip deviegeof glaim thig which the table incltder slenllactratehpmiia firs:

%%rsb&n&@émwéﬁcﬁ%ﬁmﬁé o &We%gﬂﬁﬁhg%ﬁn@ﬁﬁ%ﬁﬁgﬁg an
- internal valve opening through the collar formed at an intersection of the throat and the

collar, and the second seal circumgeribing an external valve opening on a peripheral

surface of the collat, | ,

14, The device of claim 13 in which a hoth seals are angaged by a preloaded
poppet.

| 15. The devie of claim 9 in which the pedestal has an owter 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 s 1id at a
predetermined spacing from the feble, - o
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directing fluid discharges fromthe pressure relief
device and is rotatable in the direction of its

peri phery with respect to the table and the Iid. 20. A
SYeressndod0 i ncreasing flow rates through a peceRRNS044067
relief device attached to a conventional electrica
equi prent housing using standard size bolt circle
surroundi ng vent openings in the housing conprising:

a nul i7.sthedlevigapfalaimd§ dmwhigh b cormession mpring ik cgnpireaasigistween
| ,
A1 e R R Bl | FOHRHED PR el el iy

\PB#tnEEopeni ng' of the conventlonal el ectrical equi pnment

housi ng; the bolt receiving features occupylng a

wor Ki 18] PeRviod of dbimf1b DeRick B AdriphGeRinES mgemmem

#ggggaer w th any washers or 0t her aSSOCIat
Ienents for attaching the flange to the

conventional electrical equipnment housing; a pedestal

pr oj et Thg devioaiulsinilR id Wik Y Beripheral 4308 BicREs%E Opéntigor
t.he V\ogﬂﬁid rea, of the rmuntl Eg fl ange and havi

frveine RRiCOR e regpisrelist Wwdfwtaehm%w gnfg"emon of
itk pertpheryavithl redpect taMhO LB bl theia! ve assenbly, a table

supported on the pedest al in comunication with the

o AT ol b i o
apmveﬂgmﬂaueo&h@mmip it fs@y stanidird kive BOLGEREY
fI id thhﬁggthethroat of the nultistage valve

BR SEng: predeterm ned pressure in

: Ee t bI EQF&NG aseRBYyhaviAk o Sk W?ﬂ%cmﬁgiff e?tures
e ta e i ro e firs
and secon 'ﬂﬁ)‘éﬁ‘l‘hﬁﬂga@ﬁ‘“ﬁ?@f BJd pyar die vent
t hat over |op%ng‘$mhmﬁ%nﬁ&m%1@ﬁnﬂl a‘nlt 80 t hat

e openi can be S|zed |n pendent y of t'he
o kit roine PffSref ponpane ¢ 5 PrkiAgArpcE M haned shreneiigs the

t hrough t Beldxs a@iweime B OtRE- a-a?s&aﬁé@fa%%%ﬁ%%&’t@fm
PCTI DSZOO4/ 044 67 ﬁ he syst emof claim?20 in

the snal | &2 ﬁie%weqmmwﬁhwmg; s
Si Zed, yeadued ?ﬁjéaﬁﬁé ﬂo@ﬁ:ﬁhﬁrwﬂﬁuaﬁmﬁ% ﬁm%g]@ow PR l}ﬁuﬂwsfamg area,

avoi d a fur restrlctlon on

pressure PERE@ougfange apd] WM@MW WPIZPPWE
whi ch t he flr3bsRYing tistaRe iR Bne SRR shsdAb e

4 table supported on the pedestal in communication with the throat having an
extended portion that overlies the working avea 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
 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 zo that the
valve openings can be sized independently of the working area of the flange
for aptimizing flow rates throngh the pressure relief device.
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openings is sized at |least as large as the bolt circle
W thout interfering with the receipt of the bolts and
any associ ated fastening elenments for attaching the
fyWwan@€odoPot he housing. 23, The system of cl @p@igdeddisnsy
which the smaller of the first and second val ve
openings is an internal valve opening farned at an
intersection of the table and the throat, and the

| ar gea1, The hjh&n:‘f offcltm abth widcoihe smalley of the Brst angsedogd valve
ext er nal ni formed .arou l r -
Gt 8 sighd mhgaHRfP e g oF 5 Sens SRR Pt By sostrction an
b iflot theagisiht peateddiegeind. t he | ateral surface of the
tabl e connect a lid to the table at a predeterm ned

Sor (o Sayeh o 2 B i R T S 0 b hehd vl
bpeainigt i sizBdat 1@&@5@@3&@1@&@5 withGutiinterfiting withiths receipt of

6 S e B Sy e 0 P RO P e DO

is rotatable in the directi'on of its periphery wth

r espedd: The systes afsksire 20 inowhietethe suallep of the fest @ylsecond yalve

G ol 0 0 R R0,

andthe largenefithe fust 48 recondbvalveppeningain mvextesnad Nﬁlﬁ@@ﬂ@s formed
around a Jeteral surface of the table,

24, The system of clatm 23 in which posts located beyond the lateral surface of the
table connect a lid to the table ai 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
éirecting fluid dischatges from thd 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 1id and the table for biasing a poppet into a position for closing the valve openings.
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