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WD 2004/ 079678 PCT/ US2003/ 040827 -1 SELF- MODULATI NG

| NERT GAS FI RE SUPPRESSI ON SYSTEM 5 BACKGROUND COF THE
wo DMERTI6AN Fi el d of the Invention The present POWESL0HM0827

relates to inert gas hazard suppressi on assenbl i es

used to protect areas or ropms such as conputer

equi pnent roons from hazardS,” and especially fire.

Mor e tes to such
Vor SO P RBaL P R SRR ES el SR
valves 10 form ng a part thereof, where nmultiple

hi gh-pressure inert gas cylinders are used, wth each
cylinder having a valve unit operable to deliver

relatively |l ow pressure inert gas at a generally
constant pressure throughout a significant period of

time during whigg d/ibﬁ@%d@Nﬁ%F Wﬁ?ﬁf(ﬁgy provi di ng

ef fective hazard suppression w e need for
Field boif gfe-Invesiour e gas handling and distribution equi pnent

or_pressure reducing orjfice ates that, are t ?lca
Tﬁﬁpé?semrﬂ@wnt@asrehgef & aleq?aa%ﬁwfdewmwgg g¥vmb lespuged to protect
areas \6? lr&ﬁny QLlth ASn&J ﬁﬂﬁ?roﬁ Séln? Bodins ﬁHHJ %ﬁ%ﬁﬂe@@%ﬂ@&ﬁ {’e More

an open, gas- ion as welt

diIta‘iﬂlyl tht lm)@nﬁdmf ©lbtds tokichRydt@Eh$) hawsl ad Ifressgﬁnwlﬂﬁﬁigﬁ@ert asvalves
around the desired oqutput pressure over a substantia
fonmsaratpaéff theysef, gxlerg @wlmélﬁ;}n&%neésurw&gqﬁtqybhdqw agenesed, with each

cyhncfél 'hﬁ{;mér&tvfagfg i e b?eut%pcfeﬁ§§rl rgﬁtﬂcféi?tlchg%re%glﬁg éllle%p%aé g generally

or pro e Ing roons Or a

constia |pv@bxhre tlequilivie A bigaificeTREDE BE Sme AU dhichPAPIRlivered, thereby
roons. Traditionally, these systens have nade use of

proviging eslectivsy bazgrd ﬁmrffaanoanm{&wp thesueedtior hiphepyessied gas handling and

dlStl‘l@uL{PO% Ggé 23?1’165115012;1 ees Sltllﬁ re(ﬁwuf rO%?:S%%‘:&?C% 9]&? g.} & g)gp%i P@)HOI' nert gas hazard

SupprostRN §SEMBJE &l \J@ﬁi’eaihd ancﬁﬁ’dbs B Epr$ii Qs Qi biaind tHeMBitYo dfMen, gas-
pressures, and the quantity of suppressant required is

flow papitian| a@twq}]ea,sya gagdlow mp@»y],@m@cuquﬁ whaelerpinjaiag e ghepressure around
rse g}ﬂw ronment al % ffe t he | on ha becone

the deéH‘F‘gSWP“ §°8F° Chéi® 3&% 8 gas ’H&’é’oﬁy" ese

I ssues are so S|gn|f|cant that many governnenta
agenci es have banned any further use of Halon. In
Descrﬁwjmpleftlﬁ@Prltax/aﬁpl e, even existing Halon systens are

A SRS B R 0 LR D8 SRS o e
contafni®) @0ab1¥VQAPRAACA A8 £ oRERS, WUBaP Qéé&ﬂﬂﬁ&%om%. Traditionally, these
systems have made use of one or more of the Halon suppressants. These Halon suppressants are
ideal from a hazard suppression viewpoint, i.e., they are capable very quickly suppressing a
hazard, can be stored at relatively low pressures, and the quantity of suppressant required is
relatively small.

However, in recent years the adverse environmental effects of the Halon has become
evident and of considerable concern. Indeed, these issues are so significant that many
governmental agencies have banned any further use of Halon. In Europe for example, even
existing Halon systems are being replaced by systems using other inert gases such as nitrogen,

argon, carbon dioxide and mixtures thereof.
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In an exenplary European fire suppression system based

on the use of Halon as a suppressant agent, a vessel
wowrah/ozemom nal capacity of 150 liters fill ed BET/EHS2003/040827

liquified Halon is rated to protect a vol une of

approxi mately 17,000 cubic feet. The entire piping of

a Hal on system need be no f?ﬁre t han schedul e 40 p| pe

VWhere it i deS| red to replace a Halon installatio
wilR fn X empeaty i BHEoRpa8 fig SiBpResn ﬁwt%waﬁ%@wtheaweoﬁ%lialon as a
t
spprPAFLEER, AV BPL ARl 0BG 2TBIAT ARAR il ron s

rated |5 eigdceaiohade pf appokiehtely 643,000 dubft fetheThaertire $aising of a Halon
occupi es approxi mately 40%b t he vol une of the room .
systen|r|ﬁqa<g41D cavpanerethan sehadypda (0 rinee | e Hilydesirpgtorgplasq aflalon installation

with 3113] ing é‘{lgé E ggcgllﬁlhc?r Aﬁ 5?\5 1ns? Hélé&lsjb%{(gdt q\%@nﬁg%rﬁ I5@%&%’5613116ts‘aﬁdatrds require

that t19f sdfﬂﬁéﬁt if@s ghalsd ddtiefidltd ‘d?ﬁ‘@ﬂteﬁﬂlﬁeﬁ@r&%&%@ atedGo Pd(ib@ e inert gas
in a period of 60 10 secon At the sane tine,

occupmeappm}a@afﬁlﬁ% ayithe \scrl@mp of e 1epiBs érrlill%léwerﬁathe p&mﬂnéevel within
can

the rogi tﬁﬁgwegnngr on glem er og t18 Rga%vhgflc% ét I‘ggy the 1re 8f (g))%eyrglgg dA? feast 95%

nut ropean I ner

of theSdGWikiES &h@ﬁllt&)fih@fngﬁﬁstQ)@ﬂfeh%é@% the }ﬁ@ﬂébt@@ €odin in a period of 60
previous Halon systemor as a new installation having

secongds.r &t thp gameviinehthe metcpas prefeaphly slwuldes ehoserpicethgt peorrle g@pbe in the

Cc t tion tem.r ferenced above,
room\%ﬁggars ﬁv%H?aroap] ’lﬁ%‘ﬁc Pé‘yf?ﬁ%fr{mﬁ% gas vessels as
ajN @Hfo%@@lﬂﬁ{él’t gRrfirk REppTERMINEyEIRMO B To /T gurél®o replace a previous
requirement for a far larger nunber of inert gas

Halors systeaug er ue g geiwsinstallatiquakavinges titimg, whick is @gpwebgt tonthe exemplary

17,000 B R A B Pl o bt Gor et 30 e, D& hine. RO pighypessure inert

gas V&Qés YE58Flacdmst f&fﬂl@ilng% gRichivedet. I he réfBRLRNt MRk Far larger number
thi ckness and therefore as a practical matter nust be

ofi 1nest| g8 stblragameslsyls an%agdsemertlﬁg)ﬁre sepqanqs[m systeimnyag pc:xaparsd)wuh the storage
iter inert cylinder, will wal | thicl

vesselie ARSI 6f HAIF RIS befsseadn Rt 548 Vewh| THLRECL Sighificanty
geatéii'\@ﬂﬂh%kn%&daﬂc?@legeg%'a@%tffrﬁ@t dapnfaﬁﬁgxghsto‘t{:@ﬁ Eegﬁtﬁbﬁnﬁzﬂler For

hi's 1 nstance iter on vess t he exa
examp\lel 4 tylp&;alﬂf@O h‘&n trientedae cglider wilkhmtearwahithick@esseod labd)utﬁﬁelmﬁlmeters
is therefore opvious at on the. bas

be ab@tﬁ@é cs%tlrﬁaﬁegﬁ laglaf@ﬁtfﬁ e d 99 SCTHERRICTS i Igasmelee gb@}%nstance
150 B RFENLAAo AP ATRRL S 1, R S M e

lengtls pRéetherdoric lodnink shat on theests thy a¢esagl s 1@rt&nd§mhnany inerting gas
%r eater. 25 Because inerting gas is stored as a
vesselsaarh §pqUiIFANASLAMRIER L Wih av@ﬂylr@fl grmpereistplon, Veéseés fors@eaartwular
r trein a
1nsta1Fa?ion t}?al?ﬁ%gs‘r gge fg %ﬁz{hgﬁﬁ, @;gﬂﬁr{ﬁ%@&ség‘ ]altéq'gu&f f?’é%tglws t be

p I'Eééalite&indﬂh@g ds$s stemedecd ed ritberahdn Diquidat vieneiiph fgs@ess, e.g., 300
cyl i nders, \Nhl ch is capable of . w thstandi ngg
bar, cgmmmeﬂ apdghempeh loxes 2§ anpesshieghe pipicsk Hplongipsagervshnel pananifold
pipe IBUS ﬁ)gg?%& H%d tﬂ%t L ongn% ted % £1?8 tJh? ﬂlegl{; é%a% 8ﬂ1§detr§ v&kﬂ?h is capable of

|onsstemo S on

w1ths€a§t‘1§1n@r@1nﬂﬂt@ne%ﬁs ffﬁlﬁaéce%fdthﬁllﬁgh-ﬁtbsiulb%aéltfrdnﬁaﬁé sedpeddifliders for
160 pi ping to accomodate the hig ?r essure. A
direction of the gas to the piping distribution system of the fire suppression system. The

manifold pipe must be at least schedule 160 piping to accommodate the high pressure. A
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WD 2004/ 079678 PCT/ US2003/ 040827 -3 pressure | etdown

orifice plate is provided at the end of the manifold,
wokiogh7®mriso nmust be capable of withstandi ng tPer/88103/040827

bar inerting gas pressure. Thus, in an instance where

an existing Hal on systen1is{£o be retrofitted using

high- pressure i nerting gas,” not only are a

press%rf: 4] %\%1(1: grg Q)ayég ‘ esggrs‘ré]&ﬁﬁllj ggﬁé g@if éilbqp Iﬁ goic? f?l’g?elﬁo must be capable
of Wlt@ggh&lhg fhe 300808 inePtind\@asHR@Auikor a schedule 160

mani fold connected to all of the storage cylinders,
afthus,nincaoninstactd whengi arhe}astmggHalpn eygends o b |rcteofittedt1esing high-
to. reduce the gXP ress a |level that can be

presswtﬁgﬁléqrglag 5§,s pﬂ'reo A ﬁgn ug;rga g;‘d‘ugpt&g ffwg)ressant agent storage
[

v BTN 0L LICEA o RAL LRI SABRISIAG i

connekted ta pip vHthe st agdeycylin@rsyehé irsconfursiredithe hi@Opyes e frifice plate to

reduck g TS aEE gD AT FrTBEER S FSinseayedule 40 pipe. The
I

schedhfég’ltg? pi sﬁéﬂ H%deegﬁ:ﬁlifégtﬁglhél;e dx @Hs?\lfé r’:%z?rgsvcgﬁﬁhg ?g ?g)e and there will be

a 1eq1$1mmmern$3”6n gpreyistaaiy OBhimeter< afsaiméde UHO mwpe fa atch\maéry gas vessel.
pressure non-Hal on inert suppression gas w

Snml@rﬂar h W@qﬁﬂ@ﬁerg%pmﬁrmdgn RYPIEEHON With ddSY, m%;elé%ﬁaan | ow
prAc%g mE‘gl? Hiepeg | b| ?Fau‘f(f"%Lﬁsa‘?lsﬁe#1 QP YIRS W 1|1rﬁ)r@\;ed hazard

or mance
suppr@ﬁﬁfn%@htemls &thhcﬁﬁcaﬁ echlie tlabﬁrélatl‘#c&j@lodf préssuteamardalon inert suppression
suppressi on. SUMVARY. OF THE | NVENTI ON The present
gas witheaisting hlalRperye reRiDinge Op b Fasive VaTH] 1PWéHeS§B¥FvI§P%9ﬂdn the case of
new sgstgm%ﬁ)glﬁ% %@%}FPBE? ?ﬁ?/lg lexlneﬁi%% glﬁﬁflﬁ Lo char gé‘tg%ﬁﬁ‘s gagulred forrapid
hazarﬂlsﬁﬁ)réégfdﬁugh use 20 of relatively | ow pressure inert
gas cylinders together with specially designed
cyl i nder - nount ed di scharge val ves capabl e of

delivering the pressure

| evel s thr ougho%ﬁh@&ﬁg‘%géfﬁlﬁ%wgmﬁe of gas

detheyds¥nt ihventibh SvetBdmetb€proBRnR@uITREE abdveid pEdviles an improved
pi ping systens designed for Hal on suppressants, or in

hazard lneppressenclystaegapyise eﬁﬁffecélsrglye%ppmﬂuw& aapsisrsycla agifire through use

of rel%}\fé:ﬁy Iﬁsvgé g%ﬂ]@ 1}1?‘}‘gge{s caB@%@@)lggtﬁgp\gﬁ% Fpoe§ ﬁl dgs1g1'i)erd cy linder-mounted

dlschﬁ‘gg Qaﬁ%@%‘dﬁ@ JfAbBRMhgAhé EACHR gPhcRAIB; con%ﬁhﬁ@%@uﬁ@c 1e9él§ throughout
fromthe storage cylinders for discharge fromthe

a majomty dfdheitipe o€ gasdeadugly. tthéivway,ivse carpbcamed¢ eedistang piping systems

h I fl
desighh o1 g0 SEPReRg oy B ioBot pa¥ v Rat dfvefiplnite piping and
dlstrﬂgﬂponl}%a\*,ﬁlmﬁhly%ﬂ @}Q@r ge rate of the inerting gas

Into the protécted area, a roomvent had to be

P rInpndleldglmpresufré ircitezat syhteass dntplayogpaghatresstufedetidown peifice plate,
releasgeao% getsl froc\>I¥n thler;tc}rlz?ge cylinders for discharge from the manifold pipe through the orifice
plate resulted in very high initial gas flow rates, which declined rapidly to a very low gas flow
rate. As an adjunct to the initial high discharge rate of the inerting gas into the protected area,
a room vent had to be provided of sufficient area to accommodate the initial gas flow. In the
present instance, moderation of the gas discharge flow rate permits provision of a vent area

approaching a 30% smaller flow area.
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30 present instance, noderation of the gas discharge
flowrate permts provision of a vent area
wapprozehs ng a 30% smal l er flow area. WO 2004/ PTREIR03/040827
PCT/ US2003/ 040827 -4 General ly speaking, a hazard
suppressi on systemin accordance with the invention
for use in suppressing a hdzard (e g., typically
fire) wthi aroomorthellke es a plurali
ool R pEd 1E Sy S ORRo kRS SR A orue
\V;
in sup B ENE § THPRL PR, RPARAR ) IR So ot ke, BB AR o plurality of
pressugizaé ghd yylirslexsarank hbEingva shprep of hizaod-suppeessing gas, with a valve unit
i nder-nmount ed_val ve. units for. deliver

operab%r@ogpléfl sethegch bIRIGFYlinglers /A distribydiqn a %&18%3}81@%?“ with each
of the %ghltlfer-rﬁ?&m?e MY R %@ﬁ%ﬁﬂ&ﬂ Sgﬂg tc?‘t'ﬂe th@éte@%HI ?fqhé fke. Each

a source surl ze gas narre
of theO%ﬂ\Pd’hdﬁfs HaB atvhévecasly paéschting av arlet eldapbﬂﬁ) goressipbing W1th a source of

bressi et EnprGTyAoC L8 WARS (PREL oot Pt P SEb By A an outle
t
adaptéd"ﬁ%%%@ ?\ﬁéh g¥§sg1§£%cé Eéjfetcgﬁ}? ]?en&:é‘ﬂélﬁof;g%g tﬁsesgﬁhg n the  complete

syster®RIFarthér, b Shiéhblanalve teheer biv1ﬁg‘1£pasedg¢Wajb ﬂﬁ:yelmrsdoctai;ed between said
shiftabl e between a cl osed, gas fl ow bl ocki ng pasi ti on
P

inlet zad @utlet offemvabersbadyindgeshifiehle herveraciosedy gas flowrhlacking position
and a1§ &ljlefrq?pgos%%g p%gﬁﬁﬂl?é %5 g\MsEﬁﬁl@l sﬁfd stoﬂl%]p % gr% Jerc' has a

MeRbhiebs the Yalveuags Ags d feinFRiperb (}I cpled wiltethe I@ﬁfftable valve member
position of the valve unit. itionally, separate

for bidsingthe 1mmbes svond tapepar nqsgloglmffﬂaﬂalm ik Additignallpageparate first
and setchéé Bpeégtéllﬁ ﬁl 86”%%%3 (R%]me f L ?% heAlafie ﬂlg’ gép@l%?qstta?eajl? e>8)osed to

& EEcdnd area i
the pfe%u‘hﬁ@d RLESHHIchs €t §R6nd lﬁfe@li@ Rxbbrd tU&H@@fesﬁ&&%a W&Ijrough the
hese first and second surface areas are oriented and )
memb@o pesshgavey. ldkese firgband sscetfbsuyRcy archoely orientsd mporyelated relative

to the gg]gp hg{i}p tp}:?grelg grg%lr}@u%n 1#8 rr]r‘f‘eﬁrﬁeﬁ)éﬁgﬁ-ﬁgse\(}aoglgloﬁ ﬂ}elreo(% ggamst the bias
of the@gﬁhg nege @e@veplﬁrﬁﬁﬁ Riesigndio@ lﬂr&%ﬁ%@@tﬁaﬁﬂ?ﬁﬁa QhathBértBened between

t ween | east a part of the second surface area
at leaﬁimq)aau:t}faheemcombsurfamgraafand héjavait\pertmglpf thepiebisbedy. Horeover, a
m)dulat|n dinth

modu g@mﬁﬁgg g%@ t@g?@ge ﬁ%{ f){ng}uné s\ﬁ?q,"éa‘fve um‘y outlet and

the mmgt}u?gt Oéa@ _Qh&ﬁ@erc %@ﬁfatm%oﬁ&iﬂlﬁ&&fplécﬁwﬁ@ ﬁfe@ﬁ&d’ula’ung gas passage
coupl ed”wi t h t he nodul ati ng passage to normally

to norhlatig klock nummmmahmnbdbwbmﬁhnvztlh@ummuﬂet andithe moduletinggad chamber.

..the nodul ating g sai d actuator rapl e

 said EIOHORERRIANF BROT HOHUOE BaehjalpERTH FRRstiR ot 4Dy et gas from

said nﬁﬂﬁﬂeﬁ cHidbd tﬂ%ﬁ%ﬁ ERMDasiedo Pé?ﬂb'é ik R PR hin the modulatmg
rough sai d pass reduce the gas pressure withi

gas chzhﬁbdmﬁildl ;aimngn&\’éenmﬁ ocf lsaidixa emberdtopthe mipen lposnemiz rtheredif under the

said nmenber to the open gogltio t her eqf urh%
influeppe Pﬁ%ﬁﬁ@éesé‘fleﬁé@%é% t8C HISE PYIEAPC 3EFai ms8astioy ‘Feﬁfi”ﬁlon is located

in the Bgsfsgge%ve@r &y 1sAbpg:?a%lé ltcp\é\ﬁﬁs@a?ﬁiﬁh}?tliinﬁp eSAbRCAlELs gas between the

modulating gas chamber and the passageway. The first and second surface areas of the shiftable

valve member, the modulation chamber, the modulating gas flow passage, and the spring are
correlated so that gas from the source is delivered to the receiver at a generally constant pressure

over a substantial part of the time gas flows from the source to the receiver. This is accomplished
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in the passageway and is operable to substantially

limt the flowrate of gas between the nodul ating gas
webanbews7and t he passageway. The first and seckeiiUS2003/040827

surface areas of the shiftable valve nenber, the

nodul ati on chanber, the nndg%ating gas fl ow passage,

and the spring are 30 correlated so that gas fromthe

source is_.delivered to.t receiver at neral.ly .
by e S At g Hsal PSS oA b eRlgtoh s B EBRER i Taodpaating sas
flow fi8adel OWs from the source to the receiver. This is

acconpl i shed WO 2004/ 079678 PCT/ US2003/ 040827 -5 by

r élcher eanmgjett | hmmardf suppeesgjars sisito dsvdnautallyfintlndes a sensor assembly

dul ati on_chapber .t hrough t he nodul atj.n s flow
operaflis s THEAED Rt Bermidarad Somp o B gl T proapsls thereo, t
actua% a@ﬁlokghé H UE8S 1 SuSBAS Oh RS SR ﬁl%%gﬁ?ks@oﬂ g%sg&'i‘,istﬁe sensor

azard wmthin the protected roomor th I ke )
would sepoilyéetih dreefoon of @ snfokadeteatpe ‘Eais wontd bhchadeatabally aonpted with a
actuators. |I.n the case of I re.suyppression syste .
solenga Bl eaoliBeh BIHGARSTYP: QUM ERS areh e SaebngRave is opencd
allowff &GV BF the?f’l'o? oy ek RavElaktin !ofcﬁ:k by GeHPlRa L h a
sol enoi d valve controlling a pilot gas source. \Wen a
f iThe gas pssnise tithirhthe splieieos, ovlveh i storsl mpeneldy atl00bat,nigreleased
flow of the pilo_t galstothe valve units in order to .
through 2 [pspectivg sqdylating vabyg at ag%lsﬁgp&rgqu@ q,@iag@ﬁtl;;ott% a0 bar at a relatively
| S, redi:
constfi BT Nl By S 87 S0 DA Aol e bseuichng flowrate
the systeapnStiaihv@twa sty @pable aboupiplyal fddeqbite baypréssion gas to the protected
relativel constant flow rate. Notw thstanding this
area wighigeptgllished Hpeconstrants e dhisaprrgscatsy dguificant serpomipgdvantage.
rate, the systens of the invention are capabl e of
suppl yi ng adequat e suppression gas to the protected

area W thin sIBPIDESGRIPTION GOTHE BRAVSINGS S
represents a significant econom c advantage. 15 BRI EF _
SEORP iPis| AN ORI TPHEPTERAALINGSE Hiagaard suppressipnsysierain aceordance with
. representation o rd.s ression systemgn.. .
the 111g%rgcbornd gl}]oe)‘én 1.3 Gont ré‘H,gl?] 5021“ ﬁ)trcl)tgéét?rp%%%ov\r/rrxpultenr réom or thenhke,

C g g4k B b8 BnthSlisdd Qe ek 6F a8 1SN L PlindePORiSediwith a valve unit
i ke; Fi g 2 is a fragnentary isonmetric view of an
&

in accopdange yald ths/nveron; equi pped with a valve unit in
acecordance with. t dnvention. 20 Fig. 3 is atop
s F o Mot e RS e Eer B Bt vetns & (B, a
| Fig 45k d@idR| paatib®Niew EWhOpreldiredplagleainited val ve unit;
Fig. 5is a vertical sectional view taken along |ine

5-F&g.Sfis Fverticd segiignpl views takgn plogg liheS-denfFig. 8 andfllustrating the details

oo R BB e velve UL Fig s @

Fig. 6 is a sectional view taken along line 6-6 of Fig. 5;

Fig. 7 is a sectional view taken along line 7-7 of Fig. 5;

Fig. 8 is a sectional view taken along line 8-8 of Fig. 5;

Fig. 9 is a vertical sectional view similar to that of Fig. 5, but depicting the valve unit in
its open, discharge position;

Fig. 10 is a sectional view taken along line 10-10 of Fig. 9;

Fig. 11 is a fragmentary sectional view of a portion of the valve body forming a part of

the preferred valve unit;
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25 Fig. 7 is a sectional viewtaken along line 7-7 of
Fig. 55 Fig. 8 is a sectional view taken along |ine
w@2@407968 g. 5; Fig. 9 is a vertical sectional Pi/E82003/040827

simlar to that of Fig. 5, but depicting the valve

unit in its open, dischargg;position; Fig. 10 is a

sectional view taken along I'tne 10-10 of Fig. 9; 30

Fig. .11 is a fragnentary sectional view of a portign . L

o B 18 108 PYARSHSG A FOIF R sy oghe Rl Haracteristios
of a c¥ehBotdl] Aon-MEHRRRANAKSRAR dREhs @ﬁ@ﬁ)&?é A8 ¢ Righ=fedstifb inert gas;

12 Is a pressure versus tinme graph iTlustrating the

d&o@y B ng a presswaversedtanagtaph ilftsiregng aifypmalqoessaretw ayrfirm obtained
using ngg}yggl%glggégcg)r %)lé;?e/feﬁitgxg %in%lé{ltléo_r}lgqgin%p & g%pggg%gcrévyely low pressure
inert 9487 time graph illustrating a typical pressure

vef orm obt ai ned using a valve unit in accordance

wiFigh 1¢hea iflowediagrom itustiatigg thesaiveatipa o therebfatred ehlye ot

pressure 5 inert gas; and Fig. 14 is a flow di agram

illustrating the operation of the preferred val ve

unit. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT 10 Turni ng now the draw ngs, a hazard

supp DEFAILEDSRESERIPIION OFCHEFRRIBFGFIRRED EMBODAEVIENT i n

Fig. .1. The system 20 is designed to praotect an . )

e ASFHAS OV ABeHIay 1448 %ha%ffswwéweéﬁ%% &P 1s ghgmatieaily illustrated
. - 0
inFigg P A R RSS2 PR i RO orf B B/ o pormputer
equip@iest atherdanabld4orpoticnty UBippdly spedkinga thealystem@0iitcldes a plurality

~Each valve unit 26 is connected via a _conduit 28 to a .

of highmaesswuiednert sesAylipdep 24 sach qquipped it valvruntde nigdp vadve unit 26
. P u .
is confi B 1R S8 LRI DI ERCd Ty BEACRERAEA By hssembly 30 extends

into rddn€22 QA e@@phed witlaz pluchlisyidfioesiss dNfop dElpesest indhgas into the room
pi pi ng maki ng up the system 30 maybe conventi ona _
22 fordwinard SIePLecriqRl PEPesss.o phoBptarBakipg up Bwsystem3) maHwdengentional

160, mani f ol d_pi pi ng.and_ pressur e wn orqi.fi.ce
sonedRt PP it B E 3o B AT HeFsp S B chiBe cpgpressure
letdov@ 8fiAtd plasbITredd kot Btemd dTahid €BSradte) AR el §SIAI 20 further

34 which is coupleg by means of an electrical cable 36

includes adazastl dagrigr 26 whadhvie cagledripiempaistod pn elecisiselreablodd tp a solenoid

nnect to a small. cylinder. 40 nornally ceontaini . .
vatve 81086 dftidice Pogavaly SRS e BT Biart 2 pPHBYRY containing
pressiad nith%@n Btédn®s ot@br Applopeiaithiios ghd) TR UHeNsY vafve B iPid @k form of

line 42 which is serially connected to each of the
a pilovlhe/42 whidhgs s@iallgsongstaslte ¢a¢ghnofithe valye unith26. pAsidepicted in Fig. 1,

the plﬁ%ﬁ“ﬁﬁ@%}*}égngy%qb C‘%}g‘g %tltﬁ.?n( %v}\g atd} eilc%n’ca r%o%dgraégoergée dror 4} Slrproximity
to the room 22.

Fig. 2 illustrates a cylinder 24, which is conventionally a heavy-walled upright metallic
cylinder having an outlet neck 46. The inert gas within the cylinder (usually nitrogen, argon,
carbon dioxide and/or mixtures thereof) is at relatively high-pressure on the order of 150-300 bar,
and preferably on the order of 300 bar. The valve unit 26 is threaded into neck 46 (see Fig. 5)
and includes an upright valve body 48 supporting an actuator 50, pressure gauge 52 and rupture
disc assembly 54; additionally, the valve unit includes an internal shiftable piston-type sealing

member 56 (Fig. 5) As explained more fully hereafter, the valve unit 26 is designed so that inert
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to the room22. 25 Fig. 2 illustrates a cylinder 24,
which is conventionally a heavy-wal |l ed upri ght
waoredoaltdees cyl i nder having an outlet neck 46. AEEUSIV63/040827
gas within the cylinder (usually nitrogen, argon,
car bon di oxi de and/ or nixtugps thereof) is at
rel atively high-pressure on"'the order of 150-300 bar,
and preferably. on_the order of . 30 ar. The val ve unit
gas frog cyﬁquq ﬁé é%‘&e%” i ’ﬁ‘é@ﬁ"qg éss(ag‘é?g’ % 33? gayerallycpusian| Rigesyre lower
than tﬂ&%fépsru'rgt\‘lﬁthﬂﬁhé’ BssBGd BRlRISPORYT hishBkt A aPSArHGERE iR that gas flows
pressure gauge 52 and rupture 30 disc assenbly 54;
from éddiytindenal | y, the valve unit includes an interna

TUEERE RS SN T N -
o

couplitg] fove cenditiv 26amivend pora$$ exticynt3forat0 paigk astepbed through bore 62
constant pressure | ower an the pressure withi

) th inth
commyEqsEng ah thy potthss 0894 04 PRERTOSE Safg}gtchalﬁlg?rrﬁé‘- fhe bore 62

: . t f, in d . .
o880 L9 5, 06, B TGy BB i
enlarged régibe 68 pddnyldr Bh@dded 0, nruldrutideved mbad, shoultler58E, atd threading 76

1s threadably received by neck 46, a discharge port 60
leadingdawhamberdt4 coupling to a conduit 26, a vent port 61

' t . . . .
T A
end oP BRGLEPS0. Bor thixgprepaepar Obdng Fhiy frovidedRithirsbore 80 as well as bolt

configured to present (see Fig. 5), frombottomto
connectsps 84n fanmelpling & petBateT dgehesin. r 4dipalr|of Paseasaygrt 86 and 88

| 7 | | :
com Ry B SR A5 67 %o BRI P\ RS £ 0 o
cor icalibg WaRisdBra oot dIREian 1RXBERSS0s dZ8i-gidEs@abingnamunicates

~bore 80 designed to receive the inner end of actuator
with GpassaasO Otertendingrtp deaded roponinig g vBach ecpives plug 9 Prgoaventional

ShradBpgiyE D4 201056 T AT Or o Kb 110t b Ase U WL b Bityray and s
norm8®lokHPRRki6AIEhYhARaRAIe TBE valve DEslchERe n dihefth@st abtuator pin 96.
The passageway 86 extends from bore 80 into 15

Anotlcopassage @b isgmovided todixdaidafraye operring 82 tq Eligvedizbpe 7Bor e

88 i.s dead-end .bare b C | cat ith .

00/ 154 B A e e wooti e beor S BRGREHGtion end of
gaugd¥ L ITEBbore 9RUIVERE Stader valve 8Y&FhiMAIsVR af 41vBEBpBEY céndition when
part of the overall actuator 50 is seated within

gaugs agehaklyd. alile bere Balseedonbhes kiteggwith lanethemthregdedbore 100 which

0 5 SIS e S EEToE, RBETISh e by  d
extenggéggﬂlq)ofré ?m@lﬁfeﬁ.‘ P&g 582n&@by Slus By eeestRRSyilEn cAthd¥eE ¥ ® communi-

48 al so 1 ncludes a threaded bore 98 adapted to
cate witic gauge S2hadatsorvect 1@h end of

The assembly 54 comprises a threaded, somewhat T-shaped member 104 with a central

0 :

relief passage 105 positioned within bore 100. The inboard end of member 100 includes s
conventional dome-shaped rupture disc 106 in normal blocking relationship to reliefpassage 105.
It will be appreciated, however, that if the cylinder 24 experiences an overpressure condition,
such is communicated through sensing bore 102 and serves to rupture disk 106; this immediately

vents the cylinder through the passage 105.
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gauge 52. The bore 98 houses a Shrader val ve 99 which
is in an always-open condition when gauge 52 is
w0 p®iardeesl. The bore 98 al so communi cat es w t hP@NUS1963/040827

t hreaded bore 100 which receives rupture disc

assenbly 54. A sensing bore_ 102 is provided within the

body 48 and extends from b’g're 98 to inlet port 58,

ther eby causl pressure wt i nde 4 to .

CORaatoDE) e PR od S GG S8 b1, ahan internal
shlfta‘tﬁéﬁlg 13} 854’1189{]@7 108 &8s z?lo@v@frﬁ&@ﬁébke@ QBW&B@PUO-B 19h3088H within bore

central relief passage 105

80, anﬂ@%énﬁ&heplenmg bl dwithme idho8rd, Taveallydxpandedengionfl 1 e Alxent passage

100 incl udes s conventlo al d shape ur ScC.
118 coppupiaies PG L PEORIE I CrER Ao aH BPE LR 8 B 8 intemnally
thr ead(%:cg I%is at, go.‘é“ghée 1 APRRh@dE o tIBQ‘rNE &' end'dF o &fl 08 Bfd has a piston

Xperi ences an overp sure Con it on,
chamiferd ¢ D2 bs well reuniesapessaph i By dite Istarseogvdsdhepilddired as seen in Fig.

serves. to ru ture disk 106; this i |atel
6. Pisﬁmlb%/isi seaesally fr ugh! neopeshe Vi 5% a5 e P shak 126 and
outer %18 onllJ{%Zr(Q 9% gﬂ%ﬁzgl% Brril & s@ﬁfn%%% Bfngaq 8 aﬁg ln g)gglﬁxoﬂ r&fBinBr 132, the

an act uat ap-11

latter &RERTIARINt0 setguﬁﬁ abl & gits tiarit thﬂ:EangElmé’ niotidy of Gid: Ibiatsn312 The head
| ower nost necked-down portion 114 seated within

bo
128 als@carsintia seadiaaO-Epg bife nihsdnbops! ¢idaf shank l%d%ﬂalﬁgured 16 engage the

expanded r.eqi 117 sage 118
“PP“@BMH%Q T ¢ uatt]ﬁ'g pglg%%%sn"‘éﬂ@i ﬁadsP own. The upper

ende Qfalinan&apdr SO pbsitibidderitdh vylve toldy @gdad 1Si§elaltlvely shiftable
120. The cap 110 is threaded into_the upper end

thereibp dusing Ogerafien hﬁ‘@l‘@ Bkl Refepimgiie fig 22thescalilg mg@b%f 56 includes
four pﬁ%%izcﬁgés %ﬁ% e eﬁdmg%r l AL %{to &% %ﬁmglg h&o eaplliol(!lérQ% bottom

hera
insert T3 § hﬁﬁ@rdodds} sEARBSH4PaaH |u9§brV\d)11tE1r wodyabétenl Mzext e ndi ng
shank 126 and outer piston head 128. Shank 126
c a“he pssorwea]éa:ﬂdfﬁg 3oinclyrgs 2 Boveanertigngddin fasingrelptionsip to bore 62
el SR SNt Dbl i e o 14
A serit® oé%&nﬁlg% Q46 @f r@ﬁdé’d Besich ME1der [30ghdhdéree i@ rinaBRugh passage
f shank |s configured to engage the  upper
149a. eﬁmedfousm atd;elrt 1\3& igén dbe G f apilaBodsPIRbeItingen upper radlally
expl a

oGP B TSPEEEREDUPS AR PR PV, M e camics

! NTIRf in¥&! o8y Sétkib Ziﬁo ﬁﬁf&.ﬂﬁbl gotiflediont dt
penpl%%ls@%u{ségg{ 1r%pms 11er 56 ?lnc 1ulées : four pr?rr%rlflle oShe TP

proj eatmgpecnmmtosfhebdt:erﬁﬁ and stpports berrice nf vasticadly sparadapart sgalingrings 152-
pi_ston hol, de 36, hot 5 insert 1 i nne
158. Agép;t,log ahﬁ]segtg{@ ]rélﬁéxaﬁﬁ}a@: otI VSTi ng @gl&gq%gﬁgl&gﬁs {60 161 and
an up%%e el ﬁ#o%eﬁe@ th Qﬁhﬂt@fnaﬁl? %bé&h%?cs 1&g q\P@rse@tRﬁqt 140Mhas a central
4 acing relations bore 62 as well as an

passagévmyl B4 whibh dgiimuAicstealvith gassagfgl 4D48 Aieordl @mmds from passageway

bet ween section 144 and rib
164 to a point just above flange segment 1625 and another upper port 168 extends from

passageway 164 to a point just about flange segment 161. A grub screw 169 is positioned within
port 168 and serves to permit slow passage of gas therethrough from passageway 164, while
substantially blocking reverse flow into the passageway 164.

Outer body section 142 is of tubular construction and is threaded into valve body

threading 76 so as to remain stationary. The section 142 has a central through bore 165 receiving
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A series of openings 149 are provided through hol der

136 and nerge to forma through passage 149a. The
whodosomersisert 138 is in the formof annul ar bedyUS2003/040827

presenting an upper radially 20 outwardly extending

fl ange 150 whi ch abuts shouhﬂer 70 of val ve body 48.

The insert carries a peripheral sealing ring 152 The

inner h?ﬁag 1?991y g:j?qtélc%rt]ﬂ-é Ogél?r}gg%hﬂg%f 1%%0 ﬁl‘%%l ag%be observed that the

sect10§1UPAPPf>1te§erﬁs §§j’a'ne§f SbuMefstiahby, srerfd, aRaLt %a%%lebvﬁﬁ 178 which
rings 152- Additionally, the section 140 has a

comnpaii ¢atesfwilerdlicved icyles7|@aced flanged segnents 160, 161

b oihs copiheag des B Al i gk etd oRBr bty segipns {ab a8 Hefhes a pair
of anﬁﬁfér g@gﬁpeﬁ%ﬁ' £8Y o%ﬁthfo?atﬁé aPRrtidRar POt B0 Thus, an

exte rom passageway 164 to a point just above
equalfatogehasegned is pididedbetvann tlhelppo:qumof plonge s¢ giﬁem'ﬂﬁé aksshoulder

174, s g R oA N e B el Baanee st i thepement 161 and

shoul?ﬁrﬁ 168 and serves to permt slow passage of gas
eret hrough from passageway 164, while substantially
blTaek shifablevssgaents ofvsealing 111&&1bpa§§a(;e:vyap1sﬂ>ﬁ4sea3molder 136 and
Quter hody section 142 is of tfﬁful ar construction zi\
intercpENqokdd B POfK 85 1oRILHY AoUPPOHGH RYABPHG OF B Egsepply 184 located

Wlthllil gﬁﬁi%%ﬁ%%& 4}2@}5?%%@?{} ?ﬁ%&b%}%%ﬁgsgeggg%%ﬁ e chamber and has

at the G é6nd ARPE AR B2 ular 1Btairien disk D B8lths ettt @Iﬁryﬂn%(h m@heral sealing ring
external sealing rings 170, 172. 1t _wil]l

190. Aol \WagseatedoniasherdQd exgends ggwgwégigﬁqhgo%%lgaqlql 88fnd is threadably
receﬂ(ﬁawﬂﬁhdlg bSrellch: Itl\Zﬁl ' beHp W@ﬁ%ﬁdﬁhlﬂ gﬁﬁg hss@%ﬁﬁﬁ%@@e&%ﬁuge or bias

communi cat €s w I eve

holdef PFPhRIERBEGH V4GS gl fy@ﬁ viewed idigr 5, alid intoiverds aialve open position
sections 140, 142 defines a pair 5 of annul ar

of thechidfer s whi ch are inportant for the operation of
val ve unit 24. Thus, an equalization chanber 180 is
provi ded between t he upper face of flange segnent 160
C)en@ﬂglshoulder 174, and a nodul ati on chanber 182 is

defined between t he ugper face of flange segnment 161
adtiwik fre winderstond ghat wa. esmtf%al@u@n@@@mhﬂ@ stefic staaibnyalve closed

..menper q,. e. S e
posit R R ER Rt 1 AR Shoal DubERa S aPliog Bgher,dp is sifid
downardTB A8 i eddinHs.i b tﬂ@tss%ﬂfﬁhﬁg’ml@%i e6BEL@to Walifld Bngagement with
spring chanber 64. In particular, a wave spring 186 is

ridge $@atldas isiac¢nmplished bysiyeof dmpomwloatb etvm@n ulppBrst eprgating surface

her eo annul ar ai ner di sk 188 er
aren P PiRG  GETERGY S TR TP P HE Sty e Eespgisd by tho sum
of thes&g.\'a G5t MARINEF cfitive SRR USADMNNRE @"ﬁ% 8t Wh@féQSBEjisscKe exposed
is threadably received within bore 162
portios &1l théy &ca o flengeal 68l anchtie npiuiatign abswhiy offet@ve smfavwea 62M (see
Fig. #{V%greogﬂ\? Iisa t?le exposed face of flange 161), and the force exerted by spring assembly
184. That is, in the closed, static position of the valve unit 26, a valve opening force is exerted
against sealing member 56 in the form of pressure from the cylinder 24 is exerted against
operating surface area S1 through inlet port 58, and the effect of spring assembly 184. However,

this opening force is counterbalanced and exceeded by a valve closing force exerted against

operating surface S2 (the sum of S2E and S2M), by virtue of passage of pressurized gas through
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15 hol der 136 and section 140 upwardly as viewed in
Fig. 5, that is towards the val ve open position of

w0 b@4rbers 26. Operation [t will be under st oodPCTIES2003/040827
valve unit 26 is normally in the static standby val ve
cl osed 20 position thereof1 depicted in Figs. 5-8. In
this condition, the sealing nber 56 is shifted

L AL TR TR P
modulaﬁor??ﬁ%r i d Pﬂ}egSP)fesY)%ﬁ\}éﬁl qf wihs GREFRAlA Bfs REAMEERNeub screw

operati'ng surface area Sl presented by seal
169 whibingert 1563@errhiteslse passageayfgpathinghportflas evhie sebsatially preventing

presented by the sum of the equal.i i.on, chanber
rapid l@wré%ﬂPWé)fs%aﬁ ﬁa%thswéugﬁ n chagbe 1§ E%SCK i pPsagspay 464

c
¢ AR S Ro R e B 3B (B0 P b Py P P i, the

plstonFIllg is dlevatkeir Sh2der salvb84 Bipadled-blackingfeldticangetitéib)passage 90.

and the force exerted by spring assenbly 184. That

in the closed, static position of the valve unit

2

n@%spe BT oL BRRES, bk A2 REb R OR AR RS pERECGY nthis
discussRonErefdrtd vAillde gdde t@lﬂle spdoi figeompidnants ofithe ayBem dmd(wlﬂgl‘to Fig. 14,

i nl et port 58, and the effect of spring assenbl
whichHewefleay diagoan pf Ghegpem ogerEpe iterded do o N@é%rsféﬂ@ng of the
. exceeded by a valve closing force exerted agai nst
mventih ati ng surface S2 (the sum of S2E and S2M), by

Vi fd@vait o aneaee clditiireasHh ks Z ek Pasorh R2OMe beﬂé& 34 (e g., a smoke

2004/ 079678 PCT/ US2003/ 040827 -10 the val ve
detectur)aopvestsadden 490, angaissdy @mpelzzag sighal i@oﬁOﬂ@OﬂSBaIVqéé (Stpp 198).

Compf%sgﬁggﬁsa(g%qa@gllngt{r‘og%qﬁhe aslée Eeﬂfos h Qgﬁﬁ%ﬁ? @%?)ega? 5P ?ﬁ{to actuate

each cﬁf tHO vaIE %Yﬁts 36 QGS%étNeg/ @f\%ﬁtedl@ %@ﬁﬂﬁsp@dsﬂg)wma&s 2ggStep 202).
of gas through port 8 ile substantially preventing

Turningjn Big: éOeulsm mtrovlmifong@fanlroﬁ eas threugholing 4. itht Pistpanbe 1 shifted
down}yééh? ?cgﬁa{ dﬁtﬁ?to%,l/\%ébereﬁ eélga%e)g a%lé] e]il %tg lac\fltﬁat‘l:l oslg 86 of Shrader
valve %g b%nséq'ﬂéﬁce' the ﬂi@%ge@(ﬁfs%eﬂé’eﬂ et tBiéatcets agui flows from

er valve 94 1s in a flowblocking relation
moduraemgtchmabe:rol Sds®ayd though Emd@b@napa@ngwa@m efmappular relieved

zone {hpeapo st opune P ardpanaes o o disdoiésdar g (Sl 269, Aftus point,
the vapv: Ii%l% V%R%Q&%tb% %‘Hg pleB&irs é(g%‘il%%ur%g afth 59 ah@ te Pring assembly

Ich 1s a’flow di agram of the system
184 1scspﬂ'[<ﬂdant tombw¢ the deding mefrdoet 56 todhevadye aped epgtl@mdﬁpﬁgedﬂn Figs. 9-10.

Tller%@@*ga:gg:r\gg%e,%gh]?cl@ ?% g%se ﬁ@f an tlgg)&lgﬁg gharg%port 60, conduit
2, o RSN UL, (L 199) 0 Sends an

As indicated previously, a problem with prior discharge valves in the context of high-
pressure hazard suppression systems is the tendency of such valves to exhibit a pronounced
pressure decay pattern as illustrated in Fig. 12. This characteristic decay pattern results in an
initial “burst” of inert gas delivery owing to the high pressure of the gas (on the order of 200 bar
or around 3000psi) with exponential decline in pressure during the course of remaining gas

discharge. While these prior systems are capable of delivering adequate volumes of inert gas
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Conmpressed gas (usually nitrogen) then passes through
pilot line 42 (Step 200) so as to actuate 15 each of
WO b@4wZeve units 26 respectively coupled to theCT/US2003/040827
corresponding cylinders 24 (Step 202). Turfing to
Fig 10, upon introduction qg pil ot gas through |ine
the piston 112 is shifte downwardly so that the

utt end thereqf enga hifts actuat .
withig Fﬁ Sesut Sanpiged %‘f Jiny 9% 480 Gibisied B4 i enait
cons1@&§l§l@%§p§ﬁe $tcPRE BEFpInNRA rélhied ¢S BaldSing 4AS distidMBioh haware.

nodul at'i ng chanber 1§2 into and through a nodul ati ng
péﬁssg@blmdg ayproofmednyribé presens inventon F0ichenbibytg the general pressure
assage 90 t |schar

wave 13T gt b ook T AETAPS 2pd neally feisaat vEssagerpHg: than the

pressEn‘é ‘%% S¥5thiede ByigRs 2@ 'SR %Vélea AARIAAEL RMOH AL §I§’ou$ 5@%, more
(5) Iawle spring assenbly is sufficient to nove

prefembm atiiepstrabrdng 75 % of the thinee dmingezvluple Basie shsbha;rgerﬂe}pthctvaUIe unit 26.

gs. 9-10. . Therefor m the cylinder 24
This i S8 ST AT GPIo0 Seaeh P BT AMUCR PGS Th 425 Gssure,on the
\i
order%g ﬁ%n L Ib(loél? g%tdp;r(irye&\ll/llf giﬁa}f)orgﬂ)grrl glgﬁé{% ‘T\?VIO fbﬁl pr? ﬁp aB@8) a c@mequence
use ceh Sehande of dbw-essti gast vmdbiog taad tdisifibiticgh equpIﬁSlﬁl,J roﬁen the existing

hazard suppressi on systens t he tendency of suc
equipen}; Bssysts s aspioreerpp! awa&ﬁiai@ AFTRRSETR Sdé%ayrifsfrﬁ% pystem, the

releas%}tr%és{&ésig 51%11‘?‘30%% Fig. 12. This characteristic decay

fnres nan initial "burst" of inert gas

d ey pevigicyl 19 \ab Ig@ fromttheclindbrsuds wﬁﬁlyuiehtvbled g@ﬂme(dmhmlfge port 60,
order of 200 bar . or around 3000ps wi th exponentia
a back prdspuse 1 gengrabaksiitin dhg vaHye Wiéw&%’ircééseétga? Erpm the ﬁ}ghrgi&é to.travel

back glrf)lgé}sﬁl%aé[b%$e dm'r Ibgd Hﬁ%ﬁﬁaﬂﬁé gggsagé( 5{)lﬁgﬁs1§%6é§§&%b§(? o%femng 92,

ering adeq ua Vol unes

passaé@@Wr@l?eQz@d_{ 801535:7"2' éﬂﬁaﬂﬁaﬂ&iﬁ%ﬁ@ chartBerii8R hThis ke edidzas @ the sealing
pression tine use of the high-pressure

meml@}l%rhﬁék toveand Hhe @Oseé @ﬁ@?l% LY ab’ﬁﬂ'@ﬁs dt mﬁilltt'é‘mr‘?ﬁeag‘ﬁ a restriction
to ga:ﬁfg(?v& &%Im: {l]le chﬁnc?et ﬁi%h Q&ﬂ%ueygntﬁ%je ]%Jeg‘stuké @Hﬁllnqpsctharge port 60 is

emils over

I educbtﬂ‘ \ emhér@i?:pdﬁvh | 28 ﬁiéﬂl’ﬁl ik trioddigticge Bl@[rﬁ%er Pre2s flowe alaye the described
formof Fi [ , gas is delivered at a generally

modudasingt mssagﬁrtestb@n rdesch@g@ pogthakhis fhack gngferdls greflew ppitern along the

modt%"‘aé{ngi pglgéal%% 5%%1 der hgl?[t,oa 1%%3 og?yy g th J?ﬁébéats%ﬂ)e ggé{orgg%éu?}qmders 24,
The réa%é is0f pERsuré hﬂeaucbﬁbh R b et BAS the cﬁirﬁi@h@n #& drdare thb@enerally
val ve un| t 26. This type of pressure wavefor m enabl es

horizewhlepetionfof jasFiat 13 wave ifomlm\/v@pvvml@rthe gas op fiselangeof gas from the
rder. of. from a 100 bar from
cslindgh i herio G758 66 3 rom AcpattE P bbbttt dterJlap (o of e
forceOEx TRA S eh@z\&i‘zﬁﬁ&{ arﬁl@ﬁo&iﬁ'ﬁ@n‘ JREmBA, i tBAtthddpiing@Mecomes the sole
equi pnent, often the existing 10 eqUI pment in systens
operahieg eﬁlmﬁmrtemehhrp I \@y\rmgmt—iahcb rheadaten ppmaigs £l opeh mugil gas discharges
comp%é?l%ﬁ t Wlﬂ beXm erstoo n tlnsgeespg&%hat nie Fig. ?3 Idgplgtg P ess561c1)t1ally straight
line, constant pressure condition with a rapid tail-off at the end of gas discharge, in practice the
wave form would exhibit fluctuations generally around the straight line portion of the straight
line.

The modulation operation of unit 26 is illustrated in Fig. 14 within the dotted line box

208, in the form of a logic diagram. Thus, in Step 210, if the cylinder force (i.e., the force
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Specifically, as gas fromthe cylinders 24 is

initially delivered to the discharge port 60, a back
wEe@samoes i s generated within the valve unit wWCTIS2003/040827

causes gas fromthe cylinder to. travel back through

the above-described nodul atjpg passage conpri sing

passage 90, opening 92, 15 passage 95, relieved zone

72 and into nodul atjng.chanber, 2.. Thi.s serves t
exertoloE e el R oL B SRR R RS PP FECd i3 ol foree exerted
by spR@SisséblyaR4} ifiad@he/dubittforce BRbSed dpaindf Rcéid@ak@8e fea S2 (the sum
restriction to gas flow fromthe cylinder 24, which

of thec¥HH amLiBZMisntinte areas) pr s sqnaizatiotam gioddhemyehapdrets B3, 182, the

systerp RS ad P AR e o Ber e b by g s les than the
countBFeee ggte% 014 thedbs 88bRE hovddiovaBak vaRA cIREd Pod@Sh thereof
flow pattern al ong tthe 20 nodul ati ng passage recurs

(Step 26X tytestuict the fajvorf gas/frah thetoylinderelfgzescyiindedorfce pmsthvespring force
) cyljinders 24 Th e i'S ressure nodul ati.on of

is eregb o Sl ol eriome (ol ataL ol Bl R e e ER G fyiod ol g the valve
oren PREERASS) 05 1A ey eali gk, 1R, Lt Tefgidon of
cylindspifong, spong dorex end echnfierfrracendRl) B, ibStgnkS, gireespirimg force is
than‘%he sumof the forces exerted .in the

greateg § SOV ofe e taor 8 therranplezation apd medylatipie chambers (Step
g _ . iy

220) S8R RR ARl PRSP cRORIAS N0 R ket comeponc
to thediosmharde directadfkinet’ gportion of the Fig. bwansieral b8 compldidsthe system

respect that while Fig. 13 depicts an essentially
OP@ﬁEPQEF@H?8~Iine, constant pressure condition with a

rapid tail-off at the end of gas discharge, in

practice the wave formwould exhibit fluctuations

general ly around the straight |line portion of the

straight Iline. 30 The nodul ati on operation of unit 26

is illustrated in Fig. 14 within the dotted |ine box

208, in the formof a logic diagram Thus, in Step

210, if the cylinder force (i.e., the force WO

2004/ 079678 PCT/ US2003/ 040827 -12 exerted by the

cylinder gas against surface area Si) plus the spring

force (i.e., the force exerted by spring assenbly

184) equal s the counterforce exerted agai nst second

surface area S2 (the sum of the S2E and S2M surf ace

areas) in the equalization and nodul ati on chanbers

180, 182, the systemis balanced, Step 212. If the

cylinder force plus the spring assenbly force is |ess

than the 5 counterforce (Step 214), the sealing nenber

is noved toward the valve cl osed position thereof

(Step 216), to restrict the flow of gas fromthe

cylinder. If the cylinder force plus the spring force

is greater than the counterforce (Step 218), then the

seal ing nenber is noved toward the val ve open

position (Step 220). This nodul ati on conti nues by the

effective determ nation of the
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cylinder force, spring force and counterforce (Step
222) until, in Step 218, the spring force is 10
wQ@e@anes7g han t he counterforce exerted throughP@1®S2003/040827
equal i zati on and nodul ati on chanbers (Step 224). At
this point, the spring assenply fully extends (Step
226), which is generally corresponds to the
We Jounwar dly directed "knee" portion of the Fig. 13 wave
This conpl etes the system operation Step 228.
15 WO 2004/ 0]]19@7131@%{@%3@9%/ D082 body dweMhgChtiflet ddapted for
In a valve unit having a valve body presenting an
coupling withadeptoedfpogssurtasdgas peswirided at s Gt d:ea/ebﬁnd an outlet adapted for
ressurized gas pressuriz a_ first veI and an
coup i P ESHEER SOToet BT H O PR AT Ing Fsekeway thercin
[
o e e e R o B YRSy (1A s B RAE AT R blocking
positenchnsihanf ¢jzenl posbhEnveemiting| fase df ggafofl avd bdwrekidngnid receiver, the
osition and an open position permtting flow of gas
1mpr($ GIFE AP ce to sai d receiver, the inprovenent
c
COTB B i SRR PGP YR B L 300 e BIRR v open
t her eofpositidbnsbgrasfat e first and second oper ating

surface reaa formng a part of said nenber, said
f IS Arate e Ang 5080 AP TE I ogH e PITYIBR A RS O b @amaer said first
second [ ro
ai d paleEBatkOrSE talCpRBithach HAE I SR IR W Glsed to said

bei ng qiressotiedl gascthesighedait pabsagehal) saai fiest sad @e&cﬁidvﬁlrface areas
body to norrrally maji ntain _said nmenber in the cl osed

posi t i difieheridid %lglaqqﬁgeéat%éelaawgéo @wdsvam body it goml:gly maintain
there bs%lcﬁ%eﬁb%ﬂﬂ%@élb% 10?1 g&%ﬁﬁgb%@ crf eﬁ jng,

| east a part of said se c ace-area an
th&ﬂleeﬁlgOé nﬁﬂhﬁhﬂ@gﬁ@cmmer f@ﬁd&d&adﬁxﬂ@éﬁ%&eafs@ ﬁl’ﬁﬁdt dfMsaid second
sai d val ve body and_conmmunicating said outlet and said

modul atSUHgoy#se erdadiacent aertions o valpebeds, ynd euppasseae formed in
W th S%Ia% \}%?\ﬁesb%g a c%nm ‘851{%.& bl Octj tﬁgd Wﬁgﬁﬁ% gas chamber;

bet ween sai d ou and sal

s ainthch@itdt dpefab Bl evitamd p%@ag%cdnﬁ okt lﬁl@élﬁﬁé céBmunication
open sai d passage and thereby drain gas fromsaid

modul atheﬂ@e%lﬁalﬁl@@ﬂettﬂhd sragmogdualpdngees sb@@bqr,csatd@@m@rpp@able upon
ggf mptr Rk éﬂ%wﬁ eglgpo c}é)re]g %@ﬁ%sg?gte aglg {1}$ge%ggg%n %zggfqnil %eHd modulating
t her E‘Ofchamber through said passage to reduce the gas pressure within the modulating
gas chamber and permit movement of said member to the open position thereof
under the influence of gas pressure exerted against said first surface area; and
a gas flow restriction in said passageway operable to substantially limit the flow rate of
gas between said modulating gas chamber and said passageway,
said first and second surface areas, modulation chamber, passage and spring being
correlated so that gas from said source is delivered to said receiver at a generally
constant pressure over a substantial part of the time gas flows from the source to

the receiver by flow of said gas into and out of said modulation chamber.
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under the influence of gas pressure exerted agai nst
said first surface area; and a gas flow restriction in
W@ 200d/0pm3sageway operable to substantially |i mP€T/UB®03/040827
flowrate of 25 gas between said nodul ati ng gas
chanber and sai d passageway, ,said first and second
surface areas, nodul ation dﬂéﬁber, passage and spring
bei ng corr at%@ so.that .gas fromsaid source is . . .
del i vered t ol REayalvSHHES *’P%a]v sald sEFRIdUrigoe WahSergRising a pair of
axhﬂ?%@&%ﬁ%ﬁn&ﬁ@&uﬁwéHﬁﬁéant'a' part of the time gas flows
romthe source to the receiver by flow of said gas
into and out of said nodul ati on chanber. 30 WO
2004/ 079678 PCT/P82003/040827 -14 2. The,val ve unit
of claidm 1, havahedugriclain |.dase betaganevaliraiongaschgrber formed
betwa KA Ao GG SRL BoaSHE 1 36 208 Spmiont LR TulNE bocy
chanber formed 5 between a portion of said second
surface area and_a an adj acent segnent of said valve )
body. 4 Thelhgaiale unigaf %ﬂmch, sqifhspringequgpleghip ispig member at a point
I g At renote from said
remoffHFh S o R IE P UeBRET L f * 0%, The val ve
unit of claim1l, said spring conprising a wave spring.
6. The valve unit of claim1, said actuator conprising
a sel ecti velhestlveranl af clgmsk, spd spanSCoTepIiang § Wave SRIEns.
Shrader valve oriented for opening of the Shrader
val ve upon shifting of said piston. 15 7. The val ve

uni t ofg, cl aiTReGalve@it®BRIMY, QAidddh@tor@dsmpliking a@BlRE@RIlYshiftable
coupled wth said piston and adapted for connection

pistort ench agwumeldy elos¢st Praderasalvasaiientesd &rompepagmy thhSheadpr walve upon
.upon introduction of pilot gas into said pilot gas
sh1ft11i1£ﬂ€s_a1cg s%’.n' The valve unit of claim1l, including a
pressure gauge exposed to said pressurized gas. 9.
The valve unit of claim1, including a rupture disk
assenmbld f orTheevrilvengnit of claigi @ there bsmgiazulpt gaslimgroperably coupled

i RO DB I DAL Fo B b
upon B SEEEMot @8PFneHsaid pilot gas line.

8. The valve unit of claim 1, including a pressure gauge exposed to said

pressurized gas.

9. The valve unit of claim 1, including a rupture disk assembly for venting

of said pressurized gas in response to an overpressure within said source.

10.  Thevalveunitofclaim 1, said restriction comprising a grub screw located

within said passageway adjacent said modulating gas chamber.
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wi thin said passageway adjacent said nodul ati ng gas
chanber. WD 2004/079678 PCT/ US2003/ 040827 -15 11. A

whawanmesrippr essi on system for suppressi ng a hezEDS2003/040827

within a roomor the like, said systemconprising: a
plurality of pressurized gasscylinders each holding a
supply of hazard-suppressing gas; a valve unit

oper abl y; cou R%%QMWSF%})I@&?& sg{stee%af\.'lc\)ng gﬁa\{)lé%sgﬁlgéfsﬁaggﬁdgvithin a room or

di stribution assenb conne

the likéylsui@ symieinscohgriséigl i very of gas therefromto said

roomor the |like, each of said valve units having a _
v &t RlerahiBesL peesewisedigag clindersicaeh iaddipe e dupmly oflazptd-suppressing gas;

Wi th f. pressurized ga .essurized at a

153 v uiCobehl? colliEPpith e%"g’a?_}%é@ ‘%Péeré’oupl ing with a

I &5 8istribueion g8Senitg @bM@ictedaw iR ichdRbF Saill lakR WBRALRE delivery of gas
having a 10 passageway therein and | ocated between

sai d i nheelfrapdosaidireemandhesliiei t abl e  bet ween a cl osed,

N R T ——
recei Vef soufRT poéssiified\eak ﬁ&jséﬂlﬁiz%é a!:j Y ﬁ%sﬁgével érﬁ%zldétﬂitféﬂédapted for

a spring olper ably coupled wth sai nber an I asl ng
t he nmerdosplingwathda tresdricted gepeecepes, 4 isbiftablvevaleé member having a

separate first and second operating surface area ]

For m ng S BEPEY SRS, G BREEN e A U Hp et and shifisble
exposedhehiechal HloRide $aL1b#as m@bﬂ'&ﬁéﬁ S5 it
exposed et oe sai dopr egsur [ zedO gas thr (lnug sa}le dpogﬁﬁﬁ permitting
passageiey of gas dom saad sande tes sid metesuer,fack ofitleasalbeimnigs further

oriented & d correlated relative to said valve 20 body
t o nor tBf'P'§""A&i ntai n said nenber in the closed

posi ti onyplifg BEQEblyl%g@ﬁlQ@ tavith@ﬁd?ﬁ&ﬁbe?ta?éﬁf.aggé @{eét ﬂ\}glélﬁer atct)ward the

t here being a nodul ati ng gas chanber forne
| east a par topef pssiion theesodind surf ace area and adj acent
a

SRR T R R .
22,5 ol e et 9SO B it o s
comuni - catexposedet wad praaurizedwht dtrowdhtsasBpabsageway, said first and
modul ating gsggoncc:lhs%r a((::)er éregse}aie(gngacg:rtie%?etdozﬁld correlated relative to said valve
body to normally maintain said member in the closed position thereof

against the bias of said spring,
there being a modulating gas chamber formed between at least a part of said
second surface area and adjacent portions of said valve body, and a
passage formed in said valve body and communicating said outlet and

said modulating gas chamber;
an actuator operably coupled with said passage and normally blocking communi-
cation between said outlet and said modulating gas chamber, said actuator
operable upon actuation thereof to open said passage and thereby drain

gas from said modulating chamber through said passage to reduce the gas

pressure within the modulating gas chamber and permit movement of said
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oper abl e upon actuation thereof to open said passage
and thereby drain gas from said nodul ati ng chanber
wo ket 7sai d passage to reduce the gas 30 pr eBGU/DE2003/040827
wi thin the nodul ati ng gas chanber and permt novenent
of said WD 2004/079678 PCT/ Y2003/ 040827 -16 nenber
to the open position thereof under the influence of
gas pressur g,.G¥anh etk ARAIISEoR ﬁiegeofflu{lﬁér tﬁéjféfﬁlgﬁce%’ § pressure
and a gas fl oW restriction in sald passageway o0 e
to subst ant iexkttyd hgamst s4ib irdtlsoracerantag and gas betvveen
sai d nodul at| ng gas chanber and sai d passageway 5
sai d f a8 HaWdesEeboninsaikniswsay anapershielio salbst@ntlally limit the flow
chanber, pa e so, t hat
gas from salsfgé rggetlv%géﬂ 5‘%1 8@9 e t1§%§£s c!h&m?)g %}V@}fpaﬁtgageway’

a genersaid first and keddhd pugaceireas) ieddudatidu Rshladibel, §asddgé tand spring
of the time gas flows fromthe source to the recelver
by flow of $%ing waslatetse that@avliemepid sonicg indalivereditosaid receiver

chanber; an to,sens

azard v nich PRy 55l TR SAFE 3Tl RELSF R time gas
thereto, to fasisfacm teagirdeftosia Iécélﬁérlb@'tﬂtfvﬁ of §a2d gé@hﬁto and out of
hazard suppressi on system of claim 11, said second

surface ared&aidgs ﬂ%ﬂ@%ﬁnﬁbﬂﬁb@aﬁndof axially spaced

St sl G elTe v bl B 40P AR Spdim response

chanberndretoRthohtte\@RA 0B sA@héthMBrs0f sai d second
surface area and a an adj acent segnent of said valve

body. 20 14. The hazard suppressi on system of cl ai m

omot o 1P om R R BPis oS Vet T e L B i grtce area

comp#iSing hpgirtAzfiaty sped assiatusHed #RALf claim 11, said
spring conprising a wave spring. 25 16. The hazard

suppressi on system of claim 11, said actuator

conpr i ele tively.shiftabl |sto

nor mal ﬁ§ | o AR SRR RSt e Hlof eb%@ﬂ%@n gfualization
gas cHalifber %@&i Bétv@é@ﬁ ¥ oA 841 bddoRG s@¥bace 3ted aRi § 4R Adjacent segment of

said valve body.

14, The hazard suppression system of claim 11, said spring coupled to said

member at a point remote from said first operating surface area thereof.

15.  Thehazard suppression system of claim 11, said spring comprising a wave

spring.

16.  The hazard suppression system of claim 11, said actuator comprising a
selectively shiftable piston and a normally closed Shrader valve oriented for opening of the

Shrader valve upon shifting of said piston.
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WD 2004/ 079678 PCT/ US2003/ 040827 -17 17. The hazard
suppression systemof claim 16, there being a pil ot
w@aw4079e8 operably coupled with said piston andIr/us2003/040827

adapted for connection to a source ofpilot gas, said

pi ston being shiftable upon~introduction of pilot gas

into said pilot gas line. 5 18. The hazard suppressi on

exposed to s A LRPi LT Seferk pESAURT 6B hoing o plot gas lne
operabHRUERE Wath s3i53isoh ahid £&daptedfdloonhéttiol ¢ Nebudcd IFPLIBE fis, said piston

disk assenbly for venting of said pressurized gas in
beingrshifppblsepanontradesiion psigas inp swidpilotigas lssur ce. 10

20. The hazard suppression systemof claim1l, said

restriction conprising a grub screw |l ocated within

sai d_pagsagengynAdiP&ppiesSian Sysid ot akind 91 JasuaRaMRkssure gauge

21. The hazard suppression systemof claim1ll, said
exposdiis oaid pessewrided gad.5 i ncl udi ng: a hazard detecting

sensor proximal to said roomor the |ike; a supply of

pressurized pilot gas; a valve operably coupled wth

sai d suppl y Ple Ridafd s@RRessRBl Jst8RNSOEIaRNG 1V BlHRIREL REpture disk

operably coupl ed such that updon detection of a hazar
assenth}y fdrerenemg off saghprdsspalzedbgdsan re3pomse dm anl pverpobssuriithin said source.

i ne operably connected between said val ve and each of

said valve units. 22. The hazard suppressi on system of

ol aim sai . . . _ o2 o

i 1013 asomiol 1ot PP LS RET o} dainf ARGl cBicfion comprising
a grulg aset rloratshwdhinydhidohesagevay adjaiedt sapdmodnlatihg ghs dbamber.

there being a conduit operably coupling the outlet of

each of said valve 25 units and said manifold

assenblyf. 2 %heTﬁgz%@Zsﬂ?ﬁre%p @gﬁéh OfF Sith e Oaidk s@is®} assembly

11, the gas in said cyfinders being at a pressure o
includingm about 150 - 300 bar. 24. The hazard suppression

system of claim 23, sajd presgure beinqiabout 50 bar.

f

30 Ipgardmecting apnsos proyiRaldp sid E9am erdbSfike] ai m 11,
A RS 20, L S rese e o @

a valve operably coupled with said supply of pilot gas, said sensor and valve being
operably coupled such that upon detection of a hazard by the sensor said valve is
opened; and

a pilot line operably connected between said valve and each of said valve units.

22.  The hazard suppression system of claim 11, said distribution assembly
comprising a manifold assembly for delivery of hazard suppressing gas from said cylinders to
said room or the like, there being a conduit operably coupling the outlet of each of said valve
units and said manifold assembly.

23. The hazard suppression system of claim 11, the gas in said cylinders being
at a pressure of from about 150 - 300 bar.

24,  The hazard suppression system of claim 23, said pressure being about 50
bar.

25.  The hazard suppression system of claim 11, wherein the gas is delivered

to said receiver at a pressure in the range of about 10 to 100 bar.



