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providing effective hazard suppression without the need for high-pressure gas handling and
distribution equipment or pressure reducing orifice plates that are typical of prior inert gas hazard
15  suppression systems. Each valve unit includes a spring assembly biasing the unit to an open, gas-

flow position as well as a gas flow modulating circuit which maintains the gas pressure around

the desired output pressure over a substantial part of the gas delivery cycle.

Description of the Prior Art
20 Hazard suppression systems have long been employed for protecting rooms or areas
containing valuable equipment or components, such as computer rooms. 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
25  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,

30  argon, carbon dioxide and mixtures thereof.



exi sting Hal on systens are being replaced by systens using other inert gases
such as nitrogen, 30 argon, carbon dioxide and m xtures thereof. WO
2004/ 079678 PCT/ US2003/ 040827 -2 In an exenplary European fire suppression
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basi s i[ hat ga%%esrsrglrs] %’s a%‘gplggelﬁén%i thaessmg enﬁ/aloinnv%gs}ei. rlHle reqstlirerhent for a far larger number
of inert gas storage vessels in a gas inerting fire suppression system as compared with the storage
vessel requirements of a Halon system is because each inert gas vessel must be of significantly
greater wall thickness and therefore as a practical matter must be significantly smaller. For
example, a typical 80 liter inert gas cylinder will have a wall thickness of about 16 millimeters,
20  be about 25 centimeters in diameter and 190 centimeters in length. The single, in this instance,
150 liter Halon vessel of the example, will be 40 centimeters in diameter and 100 centimeters in
length. It is therefore obvious that on the basis that as many as 10 times as many inerting gas
vessels are required as compared with a required number of Halon vessels for a particular
installation that the space requirements for inerting vessels are much greater.
25 Because inerting gas is stored as a gas rather than a liquid at very high pressures, e.g., 300
bar, compared with the much lower 25 bar pressure in a typical Halon storage vessel, a manifold
pipe must be provided that is connected to all of the inerting gas cylinders, which is capable of
withstanding simultaneous release of the high-pressure gas from the storage cylinders for

direction of the gas to the piping distribution system of the fire suppression system. The

30 manifold pipe must be at least schedule 160 piping to accommodate the high pressure. A
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15  hazard suppression.

SUMMARY OF THE INVENTION
The present invention overcomes the problems outlined above and provides an improved
hazard suppression system capable of effectively suppressing hazards such as fire through use

20  ofrelatively low pressure inert gas cylinders together with specially designed cylinder-mounted
discharge valves capable of delivering the gas at generally constant pressure levels throughout
a majority of the time of gas delivery. In this way, use can be made of existing piping systems
designed for Halon suppressants, or in the case of new systems less expensive piping and
distribution hardware may be employed.

25 In prior high-pressure inert gas systems employing a high-pressure letdown orifice plate,
release of gas from the storage 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

30 present instance, moderation of the gas discharge flow rate permits provision of a vent area

approaching a 30% smaller flow area.



The present invention overcones the problens outlined above and provides an
i nproved hazard suppression system capable of effectively suppressing
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f1ow bf P¢ kt'hgI %r&?tﬁ'lztea %Qs whereas the second area is exposed to the pressurized gas through the
member passageway. These first and second surface areas are oriented and correlated relative
to the valve body to normally maintain the member in the closed position thereof against the bias
of the spring. The valve unit is designed to present a modulating gas chamber formed between
at least a part of the second surface area and adjacent portions of the valve body. Moreover, a
20  modulating gas passage is formed in the valve body and communicates the valve unit outlet and
the modulating gas chamber. An actuator is operably coupled with the modulating gas passage
to normally block communication between the valve unit outlet and the 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
25 gas chamber and permit movement of said member to the open position thereof under the
influence of gas pressure exerted against the first surface area. A gas flow restriction is located
in the passageway and is operable to substantially limit the flow rate of 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
30 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. Thisis accomplished
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15 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic representation of a hazzard suppression system in accordance with
the invention, shown in a configuration for protecting a computer room or the like;
Fig. 2 is a fragmentary isometric view of an inert gas cylinder equipped with a valve unit
in accordance with the invention;
20 Fig. 3 is a top elevational view of the preferred valve unit;
Fig. 4 is a side elevation view of the preferred valve unit;
Fig. 5 is a vertical sectional view taken along line 5-5 of Fig. 3 and illustrating the details
of construction of the preferred valve unit;
Fig. 6 is a sectional view taken along line 6-6 of Fig. 5;
25 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;
30 Fig. 11 is a fragmentary sectional view of a portion of the valve body forming a part of

the preferred valve unit;



operable to sense a hazard within the protected roomor the |ike and, in
response thereto, to 5 actuate each of the valve unit actuators. In the
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the val ve fagyh heiiidide® gRdflin®s 24 each equipped with a valve unit 26. Each valve unit 26

is connected via a conduit 28 to a manifold assembly 30. Asillustrated, the assembly 30 extends

..1

15  intoroom22andis equipped with a plurality of nozzles 32 for delivery of inert gas into the room
22 for hazard suppression purposes. The piping making up the system 30 may be conventional
schedule 40 pipe as opposed to the heavy-duty schedule 160 manifold piping and pressure
letdown orifice plate required of prior systems of this character. The overall system 20 further
includes a hazard detector 34 which is coupled by means of an electrical cable 36 to a solenoid

20 valve 38. The latter is operatively connected to a small cylinder 40 normally containing
pressured nitrogen or some other appropriate pilot gas. The outlet of valve 38 is in the form of
a pilot line 42 which is serially connected to each of the valve units 26. As depicted in Fig. 1,
the plural cylinders 24 may be located within an adjacent room or storage area 44 in proximity
to the room 22.

25 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

30  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



the preferred valve unit; W 2004/079678 PCT/ US2003/ 040827 -6 Fig. 12 is a
pressure versus tinme graph illustrating the decaying pressure
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metallic communicate with bore 80 as best seen in Fig. 6. The passageway 86 extends from bore 80 into

15 communication with discharge port 60 (Fig. 11). Bore 88 is dead-end bore but communicates
with a passage 90 extending to threaded opening 92 which receives a plug 93. A conventional
Shrader valve 94 forming a part of the overall actuator 50 is seated within passageway and is .
normal blocking relation to the passage 90. The valve 94 includes an uppermost actuator pin 96.
Another passage 95 is provided to extend from opening 92 to relieved zone 72.

20 Valve body 48 also includes a threaded bore 98 adapted to receive the connection end of
gauge 52. The bore 98 houses a Shrader valve 99 which is in an always-open condition when
gauge 52 is installed. The bore 98 also communicates with another threaded bore 100 which
receives rupture disc assembly 54. A sensing bore 102 is provided within the body 48 and
extends from bore 98 to inlet port 58, thereby causing pressure within cylinder 24 to communi-

25  cate with gauge 52 and also bore 100.

The assembly 54 comprises a threaded, somewhat T-shaped member 104 with a central
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 relief passage 105.
It will be appreciated, however, that if the cylinder 24 experiences an overpressure condition,

30 suchiscommunicated through sensing bore 102 and serves to rupture disk 106; this immediately

vents the cylinder through the passage 105.



cylinder having an outlet neck 46. The inert gas within the cylinder
(usually nitrogen, argon, carbon dioxide and/or m xtures thereof) is at
relatively high-pressure on the order of 150-300 bar, and preferably on the
order of 300woaes/fbesval ve unit 26 is threaded into neckpdBudsefabig. 5)
and includes an upright valve body 48 supporting an actuator 50, pressure
gauge 52 and rupture 30 disc assenbly 54; additionally, the valve unit

i ncl udes an internal shlftable pi st on- tyfi)e sealing nember 56 (Fig. 5) As

expl ai ned nore full [ t he val ve 26 i s desi t.hat |nert
VO 2004/ 079678 TI@G?F% Bo% ittﬁ‘éﬁaimamf%‘&@“??‘@dwtoé for 53 | {0 6‘510 igteE! o
mani fol d agsik Nstd01 B The BEAYAI0BhAA wmﬁfoarﬁbcmeﬁw BrilodWe s seatedthid Kore
pressure within'the associated cylinder over a substantl al part of the tine

that gas f3Qweda fcpmlton@nnglﬂ Iqwih an infogrd,radigiéx ewpandedregiomll Vs Aoeyt passags of

|5 1 nr oadabty PRnei<ons B GRGRR 11X ot BTR: Fieunbl 5 e el Tos Babemili ol v

to a condunfeaddd asaut 120t TROCEp 610 i dirasied intd eetuppeh enam;fbadgsuemmﬂhatshrﬁmh bore
62 comunicating with_the ports 58, 60 and 61 and an uppernost spring

chanber 64champer 19328 Wl asiacTess Ressegfr et e laﬁ%geewes@%@kml@e 42 ps sqep gt 8ot t om
to top, an aﬁ?ﬂdh%ﬁz génl'e{ag‘};r”[' Qﬂ edﬁlﬁ 'Cr s@gf%lohxvﬁhegll gﬂ?‘cj,x{e %h%&@%qz%ﬁ&" ar

shoul der 7 annul ar 74, an hr ea
| eadi ng t oomdsraamnm head 128h8hhﬂrd>264;&na$ sseahasOamgehdlens a posiiisn mtaemriﬁi ribe a

bore 80 des ned toO receive i nne nd of actuyator. 50.. For.this _ purpose,
o S g bR e Be e Sesion b Feors R gl Hhcrais iy gt %%%L’@rgt@hgﬁ‘{ for
retai ang fi%eals%%h‘f%& QEea@QgUlﬁﬁgalﬁ Tﬁe%bird@ﬁd ﬁ%ﬁ&ﬁ&@%‘é’&n& &ga ge the
communi cate wth bore 80 as best seen in Fig. 6. The passageway 86 ext ends

from bor e @Pei endf Bhradenyalve @atatmglpw%hsml’sbmmnqdort 60 (F| g. 11). Bore 88

i s dead-end bor.ge but.. conmuni as e .9 endj aded
openi ng 65 whi OerBuTR RN SRS Fosbobd winBARREdRay J8 &0 HEleP Gy shifipRe
form ng a ek mmf,r dperated aﬁ\lamqmuatsoRefeﬁmgaomtsgdle\@eﬂmgﬁn@@&s ggaaeand is

normal bl ocking relation to the passage 90. The val ve 94 incl udes an
upper nost RBtIEEY cgrhpenyats extending from bottom to top, namely a piston seal holder 136, bottom

15  insert 138, inner body section 140 and upper, outer body section 142.
The piston seal holder 136 includes a lower section 144 in facing relationship to bore 62
as well as an annular rib 146. A sealing ring 148 is disposed between section 144 and rib 146.
A series of openings 149 are provided through holder 136 and merge to form a through passage
149a. The bottom insert 138 is in the form of annular body presenting an upper radially
20  outwardly extending flange 150 which abuts shoulder 70 of valve body 48. The insert carries a
peripheral sealing ring 152. The inner body section 140 is threadably coupled to the upwardly
projecting section of holder 136 and supports a series of vertipally spaced apart sealing rings 152-
158. Additionally, the section 140 has a pair of vertically spaced flanged segments 160, 161 and
an upper end provided with an internally threaded bore 162. The section 140 has a central
25  passageway 164 which communicates with passage 149a. A port 166 extends from passageway
164 to a point just above flange segment 160, 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.
30 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



Anot her passage .95 is provided to extend fromopening 92 to relieved zone
72. 20 Val ve body 48 al so includes a threaded bore 98 adapted to receive the
connection end of gauge 52. The bore 98 houses a Shrader valve 99 which is
in an al ways-open condition when gauge 52 is installed. The bore 98 al so
communi cat esvombdy/angisher threaded bore 100 which receives gt 8009627
assenbly 54. A sensing bore 102 is provided within the body 48 and extends
frombore 98 to inlet port 58, thereby causing pressure within cylinder 24
to comuni - 25 cate with gauge 52 and al so%ore 100. The assenbly 54
conprises a threaded, somewhat T-shaped nenber 104 with a central relief
passage l@Sepbsiyiseagdnwisthind Haeealflingd kggs N1Doanth endwif alg® HeesbséO€d that the
i ncludes s- conventional donme-shaped rupture disc 106 in normal blocking
rel at i onsHiCHORo! 42 Prefepis e ager aDSi0ulders W4, 1 He amdpirascd: kttesd] phasagsreay, 1 Th achidhf
the cylinder 24.experi.ences an overpressure condition, 30 such is

communi categ™t %%g%“@%ﬁ@‘ﬁ&e #% 402 and serves to rupture disk 106; this

PCT/ US2003] 040837 “rRE PR A Ber b7 SRR R AN ey A AN e

act uatsor afapmidler ddRshBEsi WhRhnak insftifahalbet sherdtidd f Vi1ee hagdy2408Thas 2
| ower nost necked-down portion 114 seated within bore 80, and a central

openi ng EBRalirEtrmehambent ) is prodi ded betvesqpahetenher Sagic ofifl 411k segnenhitt Opas shejder
118 co jcates w t.he openi 11 s ,shown. The upper d of the body
108 is "}Tﬁf}é‘r Raf 7 Qléwmﬁrleaaléﬁnﬁ%ﬁ%? 1&@6@6%%&%6 thabpRek 140 LA AREF SRREDT ﬂ@ and
upper endnefideedysl08 and has a piston chanber 122 as well as a cross
passage 124; the latter receives the pilot Iine 42 as seen in Fig. 6.
Piston 112 is gbaerlalftabld-shapad of sesloss nsechdron Wi.th sistoat seai | holdert @hdliang
shani 126 and outer. piston head 128. Shank 126 carries a sealing Oring 130
and &9 podPErEHested ieter bady sachan 1# ke TurpRIiehly RigaPnelc PEgRaRseIDlY 834 K5ated
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seal i ng _O]r I ngsTBZT . %Q%}n 'O(}IIIS g’g%ﬁ%% Q%%%%EH%QES?%S%(%%%Si‘%%r%‘e@etcgmglggége Ataﬁe

upper endt tfe Gipeacad thateod 2aaimati R 8iskE 8a5theiltter berrgixplalefipteral sealing ring
190. A bolt 192, seated on washer 194, extends downwardly through dick 188 and is threadébjy
received within bore 162. It will be appreciated that spring assembly 184 serves to urge or bias

15  holder 136 and section 140 upwardly as viewed in Fig. 5, that is towards the valve open position

cf the unit 26.

Operation
It will be understood that valve unit 26 is normally in the static standby valve closed
—0 position thereof depicted in Figs. 5-8. In this condition, the sealing member 56 is shifted
downwardly as viewed in Fig. 5 so that sealing ring 148 comes into sealing engagement with
ridge 66. This is accomplished by virtue of the correlation between the first operating surface
area S1.presented by seal holder 136, the second operating surface area S2 pre_sentea by the sum
of the equalization chamber effective surface area S2E (see Fig. 8, where S2E is the exposed
25  portion of the face of flange 160) and the modulation chamber effective surface area S2M (see
Fig. 7, where S2M is the exposed face of flange 161), and the force exerted by spring assembly -
184. Thalis, 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,
30 this opemng foxce 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



The sealing nmenber 56 is positioned within valve body 48 and is selectively
shiflable therein during operation of valve unit 26. Referring to Fig. 5,
the sealing nmenber 56 includes four primary conponents extending from

bottom t o t omwo Jesi@bsrsa pi ston seal holder 136, bottom 18 c#0886304d839, 1 Nner
body section 140 and upper, outer body section 142. The piston seal hol der
136 includes a | ower section 144 in facing relationship to bore 62 as well
as an annular rib 146. A sealing ring Iﬂg‘is di sposed between section 144

and rib 146. A serjes.of openipngs 149 ar raovi de [ hol der. 136 and
o g6 Lo 16 W% AT P QA Basasen ik CoDRRRot 1ot dbY e XRelEionaad for m
of annul arpbagitioRlBSARIr 1D, 282, YopEdtivERI it il Ye 2ikieRidotah tireBartl ettiritdschdwange
150 whi ch ‘abuts shoul der 70 of valve body 48. The insert carries a

per i pher al 169gthimpprt 1 GpetrBits slaw passageaf sasdlrpughaort 168 while substanhialbendensinging
coupled to_t.he u dl r.opectin ction.of hal.der. 136 and su rts a
series of \fé?]?irﬁvf%e o%éfc%agfr tﬁf“@%ﬁﬁﬁ%ﬁ%ﬂj&% @Zbaaig%o PERYH" ?‘%ngl y, the
sectiors 140 hasy@hepaive cifse p6vitidrs; elelayrustors®@id. bpi etk Wby oimlitl@0thh6it, thnd  an
upper end provided with an internally threaded bore 162. The section 140 has
a central ESophkkisglevripd aslShypics pel Hi acfiaveblogking relationaelativeto gassageitd t 166
extends from passageway 164 to a point just above flange segnent 160, and

anot her upper port 168 extends from passageway 164 to a point just about
fl ange segnment Tifelbpertign absysiemedd dibidg iahazaod suppraesion wilt iowbe pesctibeds n diisl

serves to pen-nit sl ow passage .0 as therethrough.from passage 164,
o o sUDBTHRRPR AT oI DR R S LT PG AL s A SR g o B I2ad: it er
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t hr eadi ng SO as to remain stationary. The section 142 has a central
t hr ough baineentiéb. r ecei vi ng \ VO 2004/ 1179678 PCT/ U520031040827 -9 inner body

That the  sect IBRGOTSn gy aLEAY ol Py SistiFar 22 et A RAToR
I ateral pa(fb‘ﬁ&&ﬁ)"@ﬁ@rét@@%%&i ¢h6) HAnehY HodREingl sighal & doRrelll ZANE3F PSted N9Y).
conpl ementary design of the inner and outer body sections 140, 142 defines a
pai r Compressed gas (usually nitrogen) then passes through pilot line 42 (Step 200) so as to actuate

15 each of the valve units 26 respectively coupled to the corresponding cylinders 24 (Step 202).
Turning to Fig. 10, upon introduction of pilot gas through line 32, the piston 112 is shifted
downwardly so that the inboard butt end thereof engages and shifts actuating pin 96 of Shrader
valve 94. As a consequence, the passage 90 is opened. When this occurs, gas flows from
modulating chamber 182 into and through a modulating passage made up of annular relieved

20  zone 72, passage 95, opening 92, and passage 90 to discharge port 60 (Step 204). At this point,
the valve opening force exerted by gas pressure against surface area S1 and the spring assembly
184 is sufficient to move the sealing member 56 to the valve open position depicted in Figs. 9-10.
Therefore, gas from the cylinder 24 passes from inlet port 58 through discharge port 60, conduit
28, manifold 30 and nozzles 32 (Step 2006).

25 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

30 discharge. While these prior systems are capable of delivering adequate volumes of inert gas



5 of annul ar chanbers which are inportant for the operation of valve unit
24. Thus, an equalization chanber 180 is provi ded between theupper face of
fl ange segnent 160 and shoul der 174, and a nodul ati on chanber 182 is

defi ned bet wgenoddeosdpper face of flange segnent 161 and psia@ishd@Rkosd76. The.
shiftabl e segnents of sealing nenber 56 (i.e., piston seal holder .136 and
10 interconnected, inner, body section %ﬁO) are supported by neans of a
spring assenmbly] S4 |ocated wi thin :spri'ng chanber 64. In particular, a

wave rin eat ed t.hin the chanber at the er en
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depicted in Fi this condition, the sealin nber 56 |s shifted
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equal i zati on chanber eff ctlve surfa e ar see Fig. 3, .where S.E IS
t he exposets2%np g °6f°‘f’ﬁ85tf%§eh mﬁl %\ﬁg‘@g E‘fﬁona?fﬂu?l?@“nﬁ%1 i ﬁanber
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of flange 1 , dthe force exertéd by spring assenbly
t he cl osedrel@seapressuppas iabdwA0bar.t he val ve unit 26, a val ve opem ng force is

exerted againsg_s I'n nenber .56 'n for. ress mthe i nder
24 is . exerted a Eicﬁf"ta ly’%ﬁg?sng?lﬂéhe it r”f’((if(rzsgﬂalrs élg{ngfy qeﬁg?rg t%e d}sg arﬁeo?% é% and
the effectapick Sﬂédsﬁ@ ingaemdywikhiSthe idveRm iwhichQatidts §a@ﬂ@ﬁltlﬁlgc3ﬂ1ﬁﬂﬁﬂo rgvel
count er bal anced and exceeded by a valve closing force exerted against

oper at i ng Baskfthrongisthe apxe-deseriped modulaing moKEe COPPUIIRE LRESHES 35 SRFENELT2,
pressu “ z egasgfg% o5 ,Weﬁé%ﬁ zone 72 and into modulating chamber 182. This serves to move the sealing

member 56 back toward the closed position of the valve unit. This in turn creates a restriction

to gas flow from the cylinder 24, which continues until the pressure within discharge port 60 is
reduced. Thereupon, gas from the modulation chamber 182 flows along the described
modulating passage to the discharge port. This back and forth gas flow pattern along the

20 modulating passage recurs throughout a majority of the time gas flows from the cylinders 24.
The result is a pressure modulation of gas flow from the cylinder 24 to create the generally
horizontal portion of the Fig. 13 wave form. Towards the end of discharge of gas from the
cylinder 24, the spring force exerted from assembly 184 becomes greater than the sum of the
forces exerted in the equalization and modulation chambers, so that the spring becomes the sole

25 operating element in the valve unit and the latter remains full open until gas discharges
completely. It will be understood in this respect that while Fig. 13 depicts an essentially 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.

30 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



WO 2004/ 079678 PCT/ US2003/ 040827 -10 the val ve nenber via passage 149a,
passageway 164 and ports 166, 168 to the equalization and nodul ation
chanbers 180, 182, respectively. It will be understood in this regard the
grub screw @S/ 4978 port 168 permts sl ow passage of gpsr/i§loeiadbsport 168
while substantially preventing rapid reverse flow of gas fromthe

nodul ati on chanber 182 back into passageﬂfy 164. 5 In the valve cl ose
position, the actuator 50 (Fig. 6) is in4ts standby condition, that is, the

iston 112 is Ievate nd Shr ader val ve is jn a flow Iock| relatlon
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Conpr essed § (usually nitrogen) then passes _through pilot_ line 42 (Step
200) so as (e akdaretriostheflon odgasiam thecylindghlttge Qlélnﬁ%‘sfﬁ’@épwg}efp f&d to

the corres %(r)g}gli tg}qh@ythk 96{% ; ougﬁb%ﬁ)s)z Beh the, sIé:l r%'rﬁl&nﬁe?ls':rh&edjc&var? 'Pr%r\ralve
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24 passes bpadtism$tep 2prt 58 through discharge port 60, conduit

mani fol d 30 and nozzles 32 (Step 206). 25 As indicated preV|oust, a probl em
with prior discharge valves in the context of high-

15




pressure hazard suppression systens is the tendency of such valves to

exhi bit 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
remai ni ng gas 30 discharge. Wile theg%‘prior systens are capabl e of
del i vering adequate vol unes of inert gas WD 2004/ 079678 PCT/ US2003/ 040827
-11 wit hi'he elRenhazard suppression tine frame, use of the high-pressure gas
cylinders entails considerable expense in terns of piping and rel ated gas
handl'i ng and distribution hardware. This problemis overcone by-the present
invention which exhibits the general pressure wave.fonn of .Fig. .13, i.e.,
gas is delivered at&a general 'y const ant ?8@@6?@%hﬁﬂﬁg?Hﬁﬁegﬂ%YP%SEP%@§ re
of gas within the cylinder 24, but over a substantial period (at |east about
50% nor 8lehrdaptedidrycenplingasith alsource pEyyesshrigeregas pressiunzed gt afirstHeyelanden

di scharged by the valve unit 26. This type of pressure waveform enabl es

rel ease ehtlgesdapte @ fEUEIhPlIBYRNItH BRESri €188 gRE S&TWeR, a TMiflabR vV dBiendlr hE@nL a
about 10'to about 100 bar, or fromaround 150 to 1500 psi, and as a
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Hal on as supgressantsn_ln a preferred system the release pressure is abaout
50 bar. 8g¥chlrkag posizengad anrenentnesitop neveritias pw of igas fiom F3id sewicede 68dt o
the di scharge port 60, a back pressure is generated within the valve unit
whi ch causesegabe firgrotéreemydomytiazingt o, travel back through the

above- descri bed npdul ati ng passage conprising passage 90, opening 92, 15

passage 95, rs%lgp%ﬁédﬁ%e%} 1BuBlid Witk 921 BREHL B A EAIHD Ble rhEdber {vwir® BfeV&sent O
nove the sealing nenber g6 back toward the closed position of the valve
unit. This in turn create ge&ﬁstriction to gas flow fromthe cylinder 24,
whi ch conti nues untPPIHRB%bfesﬁure wi thin discharge port 60 is reduced.
Ther eupon, gas from the nodul ati on chanber 182 flows al ong the descri bed
nodul ati ng pas¥Rfjete Bry ped sReeBf apgatippywiactpfess (paBRnEBT of $2if BEEILET. §%Hd first
pattern al ong the

area exposed 1o said pressurized gas and said second area exposed to said

pressurized gas through said passageway, said first and second surface areas
bei’ng oriented and correlated relative 10 said valve body to normally maintain
said member in the closéd position thereof against the bias of said spring,

there being a modulating gas chamber formed between at least a part of said second
operating 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 commiunication
between said outlet and said modulating gas chamber, said actuator operable upon
actuation thereofto open said passage and thereby drain gas from said modulating

chamber through said passage 1o reduce the gas pressure within the modulating



20 nodul ating passage recurs throughout a magjority of the tine gas flows
fromthe cylinders 24. The result is a pressure nodul ation of gas flow from
the cylinder 24 to create the generally horizontal portion of the Fig. 13
wave form Towards the end of discharge of gas fromthe cylinder 24, the
spring force exerted fromassenbly 184 becones greater than the sum of the
forces exerted in the equalization andl#modul ati on chanbers, so that the
spring beconmes the sole 25 operating elenment in the valve unit and the
latter remains full open until gas discharges conpletely. It wll be
understood in this respect that while Fig. 13 depicts an essentially
straight line, cogestchanbpr sskpareicoadinesolwiidmembapodhe apén pdsitiat theheef end
of gas discharge, in practice the wave formwould exhibit fluctuations
general |y around tméilfeaﬂhgtd&nde'dTQ’aE)Pfésklﬁ@ eQbrtd 803k 3hi@Mrst idr&%eax?eg Ihe
nodul ati on operatlon of unit 26 is iflustrated in Fig. 14 within the dotted
line box 208, formof a.logic diagra Thu in. if.the
cylinder for &% ?loé’v resprifdiopgp s@d %B‘X?bg@%%‘ M’G‘gﬁ gﬁ’@‘éé’f flow zate of
exerted by the cylinder gas agai nst surface area S 1) plus the spring force
(i.e., the force egasrbetdeerispiGmoingliag senbiamtied4nd egidglassaghwagount er f or ce
exerted agai nst second surface area S2 (the sum of the S2E and S2M surface

areas) in theaxequat bdtdcend %&amguhﬁﬁdme&hﬁmm]o%&@]am%&,paglfh%e aBYSpARL i S
bal anced, Step 212. If the cylindér force plus the sprlng assenbly force is

IessthantheSc nt e [ (St thes Ilng | rd
the val ve cl osed 3%’”% e]%‘ﬁer eo‘?gI %@t%% ]Zsﬂ% o) ]rsese?gfeléet ItohS 14108\% St gé\%s

fromthe cylinder. If the cylinder force plus the spring force reater
than the count erf&e@éfsélsw@pvz’laarewmefﬁév@%nuah@alﬁe%v@ﬁim%gm’& SRR e
the valve open position (Step 220). This nodul ation continues by the

ef fective det erm reaturantoofhet fﬁeezvelylbyrﬂiev dfman:bgaspﬂo regpdf owtcef said modulation
counterforce (Step 222) until, in Step 218, the spring force is 10 greater

t han the counterf dHagexerted through the equalization and nodul ati on
chanbers (Step 224). At this point, the spring assenbly fully extends (Step
226), which is generally corresponds to the dowwardly directed "knee"
portion of the Fig. 13 wave form This conpletes the system

2. The valve unit of claim 1, said second operating

surface area comprising a pair of axially spaced annular surface areas.

3. B The valve unit of claim i, there being an
equalization gas chamber formed between a portion of said second operating surface area and

an adjacent segment of said valve body.

4. The valve unit of claim 1, said spring coupled 1o said member

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

5. The valve unit of claim 1, said spring comprising a wave

spring.



operation Step 228. 15 13- We claim 1. In a valve unit having a val ve body
presenting an inlet adapted for coupling with a source of pressurized gas
pressurized at a first level and an outlet adapted for coupling with a
restricted gas receiver, a shiftable valve nenber having a passageway
therein and | ocated between said inlet and outlet and shiftable between a

cl osed, gas flow bl ocking position and_an open position permtting flow of
gas fromsaid source to said receiverj]?he i mprovenent conprising: a spring
operably coupled with said nenber and biasing the nenber toward the open
position thereof, separate first and second operating surface areas formng
a part of said rfenber, said filrestalveareipislayosle g€ acyaiodcpreasng f sdectysy and
said second area exposed to said pressurized gas through said passageway,
sai d dHifi s lepiios @e@RtheTH 9 CRse8 SASadePOhING opfchiatBfopdiin€ 61 1R Firadenelat i ve
to said valve body to normally maintain said nmenber in the closed position
t hereof agaknst the.bias of said spring, there being a nodul ati ng gas
chanﬁjpnﬁ%Pﬁgﬁ éfﬂgg ?%R | east a part of said.second operating surface
area and adj acent portions of said valve body, and a passage forned in said
val ve body and conmuni cating said outlet and said nodul ating gas chanber;
an actuator operably coupled with said passage and normal |y bl ocki ng

communi cation between said olid efveuns 5a¢ldinTedieatidiy Fisotcramhebpesblyd
actuat or operable upon actuation thereofto open said passage and thereby

dr ai ”co%??ecf \';«Rﬂ?s%ﬁc% ﬂﬁ?ﬁ?ﬂ%{’ﬁﬁgﬂ z‘r‘?g %Hﬁ.{cﬁ%ﬂ er%%%u&%ioq PR 8208 alihib B Hemet NE

gas preSsure wt

shiftable upon introduction of pilot gas into said 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 sai@d pressurized gas in response {0 an overpressure within said source.

10. The valve unit of claim 1, said restriction comprising a grub

screw Jocated within said passageway adjacent said modulating gas chamber.



Pas chanber and permt novenent of said nenber 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
limt the flowrate of gas between said nodul ati ng gas chanber and said
passageway, said first and second operating surface areas, nodul ation
chanber, passage and spring being cortzbgted so that gas from said source
is delivered to said receiver at a generally constant pressure over a
substantial part of the tine gas flows fromthe source to the receiver by
flow of said gas ihto and out of said nbdukatiwppreshamisgstem2for Bhppneasvg auni t
of claim1, said second operating surface area conprising a pair of axially

Spacedn@iﬁ?alxﬁl{hlﬁlérxfo%%‘goﬂﬁa%@ﬁe id Iﬁ%ﬁ{%}ﬁ%ﬁ%t of claim1, there being an
equal i zati on gas forned between a portion of said second operating

surface area an adj acent, se t of s valve .. the val.ve unit
of claim 1, SAPHERE! A REEP &8 COTSEIFoRE ABEIE BUPRI S e SHEPE PR RS al o
first operating surface area thereof 5. The valve unit of claim1, said
spring conprd &ilveuaitwipesblspniphel with-caéh offdzed vdindersunit of claim], said
actuator conprising a selectively shiftable piston and a normally cl osed

Shrader val vegiefrign g ais@ﬁub%pﬁ&h{&te@f whthGeashloAdald valy %mtk'ﬁ@f‘ dsdrli dTgea0f
said piston. 7. The valve un|t of claim6, there being a pilot gas™|ine

oper abl y coupled] sai d .pi_st on aﬁ dapted for connection to a source of
pilot gas, said pl'st mBé?ﬁa TQWFﬁFé 75 %pon introduction of pilot gas into

said pilot gas | | ne. 8. The valve unit of claim1, includi ng a pressure
gauge expos@ﬁCh of said valve units having a valve body presenting an inlet adapted for coupling with.

a source of pressurized gas pressurized at a first leve] and an outlet adapted for

coupling with a restricted gas receiver, a shiftable valve member having a

passageway therein and located between said inlet and outlet and shifiable

between a closed, gas flow-biocking position and an open position permitting

flow of gas from said source 1o said recejver, each of the valve umis further -

mcluding--

a spring operably coupled with said member and biasing the member toward the
open position thereof;

separate first and second operating surface areas forming a part of said member,
sajd {irst operating surface area exposed to said pressurized gas and said
second operating surface area exposed 1o said pressurized gas through
said passageway, said first and second surface areas being orented and
correlated relative 1o said valve body to normally maintain said member

in the closed position thereof agamst the bias of said spring,



to said pressurized gas. 9. The valve unit of claim], including a rupture
di sk assenbly for venting of said pressurized gas in response to an
overpressure within said source. 1 0. The valve unit of claim1, said
restriction conprising a grub screw |located within said passageway adjacent
sai d nodul ati ng gas chanmber. -16- 1 1. A hazard suppression system for
suppressing a hazard within a room or ggz_like, said system conprising. a
plurality of pressurized gas cylinders ch hol ding a supply of

hazar d- suppressing gas; a valve unit operably coupled wth each of said
cylinders; a distheirdbtingrn asdelatihy geoshaabeadfonnktl leasternht kakta pattwe samdi t S
for delivery of gas therefromto said roomor the |ike, each of said valve
units having a val ve ti i.nl : i, 0g, W a
source of pressurizedgggédg&géﬁﬁFfzeéag?%ga??fsﬁéﬁgsgyagﬁ%sggﬁgJ?ﬁgﬁkgghpted
for coupling with a restricted_gas receiver, a shiftable valve nenber
having a passageway ERéRERF2EMETEE AP s8dpeE \dysSds omHPERICaHAE stifIostetand
shiftable between a closed, gas flow bl ocking position and an open position
permtting flow of gasdtandmcmliaing@aschambersai d recei ver, each of the val ve
units further including- a spring operably coupled with said nenber and

bi asi ng the nenbgr, Lower hetdifty ¢ éa\pﬁﬁissihgasgabgaﬁ@ﬁﬁﬁﬁaelra&ﬁn% }ﬁ’iﬂd

second operating surface ‘areas formng a part of sali Sali I rst
operating surface area exposed tokggﬁgt Qgézﬁ%iéed. as qﬁgggaid .second
operating surface are& SRER PIRAIHE 82 » SgGcuator
passageway, said first and second surface areas being oriented and con
el ated rel ative to sappersblewpobadipation nograef loyonenisatdapassagd andrtrenery drain
gas from said modulating chamber 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 spriug
being correlated so that gas from said source 1s 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; and

a sensor assembly operable to sense a hazard within a room or the Iike and, n response

thereto, to actuate each of said actuators.



in the closed position thereof against the bias of said spring, 17- there
bei ng a nodul ati ng gas chanber forted between at | east a part of said second
operating surface area and adjacent portions of said valve body, and a
passage fornmed in said val ve body and conmunicating said outlet and said
nodul ati ng gas chanber; an actuator operably coupled with said passage and
normal | y bl ocking communi - cation betweeny said outlet and said nodul ating
gas chanber, said actuator operable upon actuation thereof to open said
passage and thereby drain gas from said nodul ating ch anber through said
passage to reduce,the gas pressure within the nodulatin as anber and
permt novenent o E'said menber to the&gﬁgﬂaﬂgéFPPﬁﬁ“?ﬂé?%g?‘ﬂﬁg@?lﬁﬁémm
influence of gas pressure exerted against said first surface area; and a
gas f| SGFOPESeRTEInDIIIface sedacopaptiygenpsir oporially spaced eunelensuifatd yers.nit t he
flow rate of gas between said nodul ati ng gas chanber and sai d passageway,
said first and second surface areas, nodul ati on chanber, passage and spring
being correlated so that gas fromsaid source is delivered to said receiver
at a generally copstant pressure over substantial part of t ti

flows fromthe so??'ce to the receiver ﬁ{fe ﬁ?zgg\ga%qppggﬁsgmgsgg%nh929}3}{8qgﬂﬁl%gef
sai d ngdulation %hanber; and a sensor assenbly operable to sense a hazard
Wi t hi n P8PBAhTBRIEREoN pacechanber {omied Pysbriesa 2 poTEipatas, saldoseaend peraiaesuteces ai d
actuators. -18- 12. The hazard suppression systemof claim1l, said second
oper at iereg asur f acadjacea se@ipht &isad alwsbddyof axi ally spaced annul ar surface
areas.. 13. The hazard suppression systemof claim1l, there

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. The hazard suppression system of claim 11, said spring

comprising a wave spring,.

16. The hazard suppression systemn of claim 11, said actuator
comprising a selectively shifiable piston and a normally closed Shrader valve oriented for

opening of the Shrader valve upon shifting of said piston.

17. The hazard suppression system of claim 16, there being a pilot
gas Jine operably coupled with said piston and adapted for connection to a source of pilot gas,

said piston being shifiable upon introduction of pilot gas into said pilot gas line.



bei ng an equal i zati on gas chanber forned between a portion of said second
operating surface area and a an adj acent segnent of said valve body. 14.
The hazard suppression systemofclaim1l, said spring coupled to said
menber at a point renote fromsaid first operating surface area thereof 15.
The hazard suppression systemof claim11l, said spring conprising a wave
spring. 16. The hazard suppression systg of claim1l1l, said actuator
conprising a selectively shiftable pistod and a normally cl osed Shrader

val ve oriented for opening of the Shrader valve upon shifting of said
piston. 1 7. ThelBazard suppre$hé dazadstvpmresiohasysiens,oft tleime eiingudingi 4 ot
gas |line operably coupled with said piston and adapted for connection to a
sour cerabumi dadbe @89 osedisdidpreiRpizBebNg shiftabl e upon introduction of pilot
gas into said pilot gas line. -19- 18. The hazard suppressi on system of
claim11l, including a pressure gauge exposed to said pressurized gas. 19.
The hazard suppression systemof claim11l, including a rupture disk
assenbly for venting of said pressurized gas in response to an overpressure
within said soute. 2G The hadmzdrdsuppressn systay sf emmf 1 gheludingla rupbirel
restriction conprising a grub screw | ocated within said passageway adj acent
sai d ARAUWsaéhPY, SRSvERRBRATsaid gressuH8d AL AL ebspURRY RSSH BlerpftshRMvRhinCiad M
11, said sensor assenbfy i ncl udi ng: a hazard detecting sensor proxinmal to
sai d r.oQm or the like; a supply of pressurized pilot gas; a valve operably
coupledlmnth said supply of pilot gas, said sensor and val ve being operably

coupl ed such that upon detection of a hazard by the sensor said valve is
20. The hazard suppression’system of claim 11, said restriction

comprising a grub screw located within said passageway adjacent said modulating gas chamber.

21. The hazard suppression-.system of claim 11, said sensor
assembly including:
a hazard detecting sensor proximal to said room or the like;
a supply of pressurized pilot gas;
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 1o said room or the like, there being a conduit operably coupling the outlet of each of

said valve units and said manifold assembly.



opened; and a pilot line operably connected between said val ve and each of
said valve units. 22. The hazard suppression systemof claim1ll, said
distribution assenbly conprising a nanifold assenbly for delivery of hazard
suppressing gas fromsaid cylinders to said roomor the like, there being a
conduit operably coupling the outlet of each of said valve units and said
mani f ol d assenbly. -20- 23. The hazard syppression systemof claim1l, the
gas in said cylinders being at a pressure of from about 150 - 300 bar. 24.
Thehazard suppression system ofclaim?23, said pressurebeing about 50 bar.
25. The hazard suppression systemof claim1l, wherein the gas is delivered
to said receiver ﬁi a pressur eThahatred suppresobn apdemn dfClaim 100thbages in said

1

cylinders being at a pressure of from about 150 - 300 bar.

24. Thehazard suppression system of claim 23, said pressure being

about 50 bar.

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

1s delivered to said receiver at a pressure in the range of about 10 to 100 bar.





