MULTIPLE DISCHARGE FIRE EXTINGUISHING SYSTEM BACKGROUND OF THE INVENTION This
application relates to a fire extinguishing system which is received in a 5space in a vehicle to extinguish
fires and prevent explosions within the space. Vehicles are often provided with fire extinguishing
systems, and in particular with systems which are structured to quickly extinguish flames under any
number of conditions. OftenNalWtrhfPhie BroGidédwithFe Rb dritel BNdiAGRid NS ystéis that include long
passageways to provide extinguishing materials from a distant source to 10 any number of locations on
the aircraft. Aircraft fire extinguishing :%gtems may include a first dispensing cycle which is intended to

extinguish a fire, and then an inert ga %ﬁ&?&hﬁ@d@%ﬁ IDOEERTREY period of time, untilthe aircraft
can land. In generahitheppiicsait rexdingrasiirgfisy teting @ imjsmced iz ot el cvidie ihZauntil an
aircraft can land. Thus,.th rovi with lpng-term di ing over m inutes, and even hours.
Ground bas§d vesrﬂ% egslgﬂlég\i_(é%pli%g %%%ﬂ&u%rho@l ec%l%/vqsﬂg%é%? gﬁg@%@%?@ﬁ%ﬁiﬁémng systems.
However, and in partic\W@higles greuitepasedidaiitaitin VeRpiersn wyshiagiensstans pravadéeadwhich are
quickly actuated Wtﬁ@%ﬁ%‘ﬁtﬁ'&?@re@ra&uﬁeé‘ﬂé 50@%{9 %ﬁ\ﬂﬁﬁlés%mﬂg%' AeRisieppace, such

as a crew compartment, which has automatic fire extinguishing systems deployed after an event is
detected. TypicafP"S8s iPERHHPLGRE c?r@x’bﬁ%%‘%‘?ﬁﬂ‘ﬂ@%t?éﬁ’@ iGEHISHEG ¥R YRR e
mechanism and ingtate Wdhighpassazlewagpith anovifticieub geiptomgomalsdfan agistathreogideubthe crew
compartment. 25 SUMMARY OF THE INVENTION A fjre extinguishing, system for use in a crew
compartment o SbtolHUHSL o eRer S e eiatk, dafs B s Lo SRS Beh e 2 e
extinguishing agém!usi®aghirst ikrRessinechiakeismioh damite nftadexdirardsallasyisee aigidperable to 30
actuate the two %@PP?&% Aidpardinis mealionseiaust samof dis drleasrmesharis i fistinguish the
extinguishing agent into the crew compartment. The majority of the dispensing from at least a first of the
two cylinders ocd@P¢in less than five seconds.

In general, the aircraft extinguishing systems iatended to control a fire

15 until an aircraft can land. Thus, they are prodiddgth long-term dispensing over
many minutes, and even hours.

Ground based vehicles have typically been providil less elaborate fire
extinguishing systems. However, and in particulath ground based military
vehicles, systems must be provided which are gu&tuated to extinguish a flame.

20 Thus, it is known to provide a cylinder in a vebidpace, such as a crew
compartment, which has automatic fire extinguishsygtems deployed after an
event is detected. Typically, sensors identifyr& ér explosion threat, and include a
fast acting release mechanism and nozzle which lematapid and efficient
deployment of an agent throughout the crew compartm

25

SUMMARY OF THE INVENTION

A fire extinguishing system for use in a crew camment of a ground-based
vehicle includes at least two cylinders. The aydirs dispense a fire extinguishing
agent through a release mechanism. A controlieraverall systemis operable to

30 actuate the two cylinders. A nozzle is positiongdalvnstream of the release
mechanism to distinguish the extinguishing agetd the crew compartment. The
majority of the dispensing from at least a firsttod two cylinders occurs in less than

five seconds.



These and other features of the invention would be better understood from the following specifications
and drawings, the following of which is a brief description. BRIEF DESCRIPTION OF THE
DRAWINGS 5Figure 1 shows a prior art system. Figure 2 shows a first inventive system. Figure 3 shows
a second inventive system. Figure 4 illustrates a third embodiment. Figure 5 shows yet another
embodiment 10Figure & BR8vaEhethr feaibmsiviche DEERERoDIBEER WHRIM00d fragureel shows a

known system 2Q4&RIRe spiesiSatiRAS Pdr iAiedsiShB F8INRHON IHR RIS TL WP RRRRIM. 23 in a ground
based vehicle. A nozzle 24 is 15 associated with a fast acting release mechanism 27. Sensors 28, shown

schematically, sense the presence of a fire or explosive risk in the crew compartment 23, and actuate the
release mechanism 27 to dispense BRI &feDEBORIIFT CDeWaP Miparrexiy IeSensors may be infrared or

ultraviolet, ag examplesFThe ispensing can accur within 30 milliseconds of the detection occurring 20The
. re .1,.Shows a,’prior, art %/ng . .
discharge can occur for 50 MilliSECon a8 16 1€ECoNR , ds an example. The agent will typically suppress

or knock down the explbgives thishatvHofire/imneatitiersysteinmay be desirable or necessary to have the
ability to react to a seccli?d event. As an exa(tﬂ%feehgng in lparticular with military vehicles, a crew
[ SO '

compartment could be i grgubsé)(‘qvﬁgn ime. ,¥uesz?/feeé?<age, etc., could re- 25establish a previously

extinguished fire threatFigure 4 illustrates a third embodiment.
Figure 5 shows yet another embodiment.

10 Figure 6 shows another embodiment.

DETAILED DESCRIPTION
Figure 1 shows a known system 20 incorporating a cylinder 22 which is
received within a crew compartment 23 in a ground based vehicle. A nozzle 24 is
15 associated with a fast acting release mechanism 27.  Sensors 28, shown
schematically, sense the presence of a fire or explosive risk in the crew
compartment 23, and actuate the release mechanism 27 to dispense an agent into
the crew compartment. The sensors may be infrared or ultraviolet, as examples.
The dispensing can occur within 30 milliseconds of the detection occurring.
20  The discharge can occur for 50 milliseconds to 1second, as an example.

The agent will typically suppress or knock down the explosive threat.
However, at times, it may be desirable or necessary to have the ability to react to a
second event. As an example, and in particular with military vehicles, a crew
compartment could be hit a subsequent time. Also, fuel leakage, etc., could re-

25  establish a previously extinguished fire threat.

Thus, as shown in Figure 2, an inventive system 120 incorporates at least
two cylinders 124 and 126 associated with a nozzle 24. A line 180 communicates
cylinders 124 and 126 to the nozzle 24. As shown to the right hand side of Figure
2, it is possible for a third, and even further cylinders to be associated with the

30  system 120.
A control 122 is set to actuate the fast acting release mechanism123 as

necessary.A sensor 121 provides signals to the control 122. The dispensing occurs



Thus, as shown in Figure 2, an inventive system 120 incorporates at least two cylinders 124 and 126
associated with a nozzle 24. A line 180 communicates cylinders 124 and 126 to the nozzle 24. As shown
to the right hand side of Figure 2, it is possible for a third, and even further cylinders to be associated with
the 30system 120. A control 122 is set to actuate the fast acting release mechanism123 as
necessary.A sensenyl2pigiovidbis signedsioo aHeot dhetrambodintEhis dighisnannbicadenrsAvdegstapidly. This is

true for all of the gmpQdiMentH LR ALSAPRIGAHIOHAL 'SRSLING VYR X RASHIRR DS MARILY Of its

dispensing occur in less than five seconds, and typically less than 1.5 seconds, and even more typically
less than one se@dfdyPierdlyisseHyind Caseesidsr fdcyenanereapiRisalandse dbrpewhsasenskder of 50

smilisecond.  ThergmaviRe afimedelaxaeiern asiugtionpiihe cylindars i24.ape 326, or the

cylinder 126 may be kept in reserve for a subsequent restrike, or the flame restarting. As an example, a
military crewxompaitateAt could be subject to multiple strikes, such as shells. Also, a flame that had

previously been 10 extifguished souldiRcisasénwRaonitdpnldtatesgrvaesy indenmaysbe actuated in
those events. Both subsequent events mgéﬂf)e sensed t:fi\ﬁlfthe sensor 121.  In the Figure 2 embodiment,

both cylinders 129 d¥aYBdsFel pPovebe JesREiBIRFSRANT (96 daHbecaREMgHity Yot B REamples may

include but not becliftitiag. toxgoiasshamprcasbanfia-{KiwO 3dapsharaiutohicasb onmiec{NaHCO3)or BC 15
powder Water based agents such as potassium lactate, potassium acetate and plain water may be

utilized along wit S Rifert GXEor Welte AV aiil s optiShaltadliifisndiat 4 bR aHpYEiabsdthat there are
many conveantionadtpassaes drgcuRpEessin maganiseareeoriemplajaddachiding bettuned imited to
1,1,1,2,3,3,3- he?ﬁaﬂuoro&rop%)n %e. , HFC-227eaé,e % : F!\éZbOO‘B, andl, 1, ]},2,2,4,5 ,5,5-20
onafiuoro4-(riflIOIS STV PR BeNERFOANF S8, DY pacd PXBS €955y n certain cases it may
also be advantageous tm ndix @ipmguishingaieats viblindfimdéama Xanisiet2@nesspalvidgample is the
addition of a small mass o\}‘vghc ﬁ)é)Wéjer QX&“CQ” 1151 -1aOevl\1/£% i%irll_elglllzn%-ZIZHYC %eFigyrnetB shows an
embodiment which'is veyry S|mi5ar forﬁ?gurenﬁ, Rowev , 25 inthe |gurey3 em odll)men(f 2%0, the cylinder
226 is provided withitaddis rctsextingeshimg tendtEit)frond Hodtum thieadydimde (NAACB9@rB€xample, the
cylinder 22 fmay e IEYideY Wita, bigher prieeniads of eIk 0ag AL AIELYARErPAgYer. it would also
typically be prowgled with an extinguishing agent such as BC powder. The higher percentage of inert gas
or water vapor makes tig 8O wilandeloemtiibttar saitetiton wyisterapphay optithel sdgimhsylinder is

actuated to mainfaip,an,ingrt.enviropmsnipiienheflame Arshesn epgiisheds.ppr&lighre 2

embodiment might be better suited to systems wherein the second cylinder is only
agents are contemplated including but not limited to 1,1,1,2,3,3,3-

heptafluoropropane (i.e., HFC-227ea (e.g., FM200®)), andl,1,1,2,2,4,5,5,5-

20  nonafluoro-4-(trifluoromethyl)-3-pentanone (i.e., FK-5.1.12 (e.g., Novec 12309)).

In certain cases it may also be advantageous to mix extinguishing agents within the

same canister. One such example is the addition of a small mass of BC powder
(typically 5 -10 wt%) within HFC-227ea.

Figure 3 shows an embodiment which is very similar to Figure 2, however,

25 in the Figure 3 embodiment 220, the cylinder 226 is provided with a distinct

extinguishing material from that in the cylinder 124. As an example, the cylinder

226 may be provided with a higher percentage of inert gas or water vapor,

however, it would also typically be provided with an extinguishing agent such as

BC powder. The higher percentage of inert gas or water vapor makes this

30 arrangement better suited to a system wherein the second cylinder is actuated to

maintain an inert environment after the flame has been extinguished. The Figure 2

embodiment might be better suited to systems wherein the second cylinder is only



actuated when a subsequent signal is received, such as a restrike or a restarting of the flame.  The
Figure 3 embodiment may be set such that the actuation of the release mechanisms 123 would be
simultaneous, but wherein the discharge characteristics 5would be distinct such that the cylinder 226
would tend to discharger later.  However, the control as utilized in the Figure 2 embodiment may also
be incorporated imaated whebodsequavisiemal tierecdsvedtiusitetay restiierer masstetiagedfuirement for a
restrike for actuatjonyof the secondary cylinder. Figure 4 shows an embodiment 320 wherein a single
body incorporates the 10 cylinders 124 and 326. The control 322 still controls the single release
mechanism 325 based TioHigijaasmbpdiznensay Do petTivshdhag dee prserizniisth tBesedfattibutes the

material from bothy eylindsrs 124anABR8 STRKARIRE SRMMERAAFERid4-TUS £IMRRGMENt may have a

passage closed by a seal or membrane 324 which ma be]é%lerced in some manner to allow the fire

extinguishing mat&tidd ke fists cprhdBittBe3abineep 438 wivdderthte dishagshidéianism 325. The

actuation of the membrgq Qrepthes seakal 22428008 t{me@gjgygdeﬁ%@gﬁem the digisilgtion from the
cylinder 124, or may be utilized with the requirement of a restrike or restart of the flame.  Figure 5

shows an embodifRERCRLEA AR Y SCERRHBIAB 0 WRFS 1B REEHISAMS B e QFi dE SI¥REH in Figure 4,

with a membraneQuathemseal 4 24bebrBeactiaish evilirders it aydntiéd. The Figure 5 embodiment
differs from the Figure 4 embodiment in much the same way as the Figures 2 and 3 embodiments differ,

namely with regard to theSBS&ingtHRKS T FRPSALNSHH tHE WHRFTIR A S3BHPRAN SRCOPORS A% shows
another embodinghhdeherein.aadreylinaecc0] 302 isipoxietssl tithiligowiaezatenidtrassociated with

the release mecr;%%ii)m 04. 1t 25 sf%og_ld be underriglod,éﬁatrt is arran&emengef %.bte usted with any of
the embodiments ShORRIARIBTELS SO A48 Lomb & eh AR b pAE P Etween the
nozzle 206 and the release MechartisiyliaOds 124 AcrG2s dit@fgthehe nubodomantslet2s. eXpscted and
preferred that the n zgles 4 (or 206) be E)ositi ne be Wifhin threg meters ofhthﬁa C Iinéjers. More 30
emao e %ha\{ﬁ.a passage close a seal or membran whic n?%r% e
preferably, the nozzle shou within one meter of these cylinders. ile ' some fire suppressant
agents and inert piatedals svave ihaerdisclisedlabive ¢ smgeohignatiendf fagerts apbindwaterials which
are acceptage uggg Eocwggmrough the release mechanism 325. The actuation of the membrane or
other seal at 324 can be time delayed relative to the distribution from the cylinder
124, or may be utilized with the requirement of a restrike or restart of the flame.
Figure 5 shows an embodiment 410 having a control 420. The system may
be otherwise as shown in Figure 4, with a membrane or other seal 424 between the
20  cylinders 426 and 124. The Figure 5 embodiment differs from the Figure 4
embodiment in much the same way as the Figures 2 and 3 embodiments differ,
namely with regard to the extinguishing materials in the cylinders 326 and 426.
Figure 6 shows another embodiment wherein each cylinder 200, 202 is
provided with its own nozzle 206 associated with the release mechanism 204. It
25 should be understood that this arrangement can be used with any of the
embodiments shown in Figures 2-5. In addition, some small conduit can be placed
between the nozzle 206 and the release mechanism 204.
Across all of the embodiments, it is expected and preferred that the nozzles
24 (or 206) be positioned to be within three meters of the cylinders. More
30 preferably, the nozzle should be within one meter of these cylinders.
While some fire suppressant agents and inert materials have been disclosed

above, any combination of agents and materials which are acceptable under current



environmental regulations may be utilized. As an example, insert gases such as nitrogen or Argon, or
CO2 up to 3 vol% may be used. Water-based agents may be in liquid and/or vapor form. Additives such
as alkali salts (e.g., potassium bicarbonate, potassium acetate, potassium lactate, etc.) or foams (e.g.,
AFFF), and 5 finally dry chemicals (e.g., sodium bicarbonate, potassium bicarbonate, MonnexTM) may
be utilized. Ineadidiorenihb rdeldatipns exisebichetiizadn the aoteatioplof ierserorrdsoglinger and the first,
the initiation time, may he,canalled. Adaghelestaniciy e ahnic WHRIsAaR Reditiizgdor the main
cylinder, followed by a 10 slower electronic or pyrotechnic initiator, or a gas generator which would take a
longer period of timéigyidcandterty miiatetie StddiRsnseghintterlkidifilthdagmomndtassitid delay would be
controlled as desifedymgiffarsncgin RessvtANMHBCHAIE NG 8ihdlso Pe Aehisveddetween the

two cylinders by varying the outlet diameter, and the volume of the cylinders, respectlvelx. 15In summary,
the embodimentdiBHiKiSeBTTHISAlt Sctosto dYaichitaRemae. iIRCR NG K hoRT BIeaTFK A trew

compartment is Gappple,gafipaultiple dispensing of fire extinguishing materials. A worker of ordinary skill in
the art would recognize that modifications will come within the scope of this invention. For that reason, the

following claims should!Be?dflitiel # detistiine tfsitide REBpEal GSHEIRbLIMKsSH8Ation. CLAIMS
1. A fire extinguishingisystam fokUsad akéevntamparinent ahp aeuoenbased. vehiclefggmprising: at
least two cylinders to be placed in a crew compartment, said cylinders 5 dispensing a fire extinguishing

agent throughat [FEST GHE FRIER dRHAE NG 4 lrsd o ARe MR o ToURYEA&Y By a control for

the overall gystemorad gaidaoniseljiengapeiablieds, astuagastiierbradcyinidersy@nd take aa nozzle
positioned downﬁtream of said {elease mechanism ta dispense th§ extirs/?ughing agent into the vehicle
Y B b

compartment, and 1he RSy of e Hspehtnd 1 0RE d¥irStOISalY S TESEE o Biindes occurring in

five seconds or lessu. ofhkesidignvaddbe tortrdiedaindeksirade reidiSaiehtevinayitisdioss arel two separate

cylinders. discharge time can also be achieved between the two cylinders by varying the outlet
diameter, and the volume of the cylinders, respectively.

15 In summary, the embodiments of this invention disclose systems where in a
single system placed in a crew compartment is capable of multiple dispensing of
fire extinguishing materials. A worker of ordinary skill in the art would recognize
that modifications will come within the scope of this invention. For that reason,
the following claims should be studied to determine the true scope and content of

20  this invention.



153.The system as set forth in claim 2, wherein each of said two separate cylinders hasa separate one of
said release mechanism. 4. The system as set forth in claim 3, wherein a single nozzle receives
extinguishing material from both of said cylinders downstream of said release 20 mechanisms. 5. The
system as set forth in claim 1, wherein each of said first and second cylinders include at least one fire
extinguishing agent, and an inerting agent. 256.The §JlsddMSs set forth in claim 1, wherein said each of

first and second gylindessr-RIQVHABE MIHGIS AEIGHS GRBIFE cre(mbRRM¥AESN 23roGhiPHREClaim 6,

wherein said single canister includes a separate seal between the first and second cylinders, with said
control controlliny&3Be&iG¥BRIE Sllow fluid to flow from said second cylinder. 8. The system as set forth

in claim 1, wherein the fitsleastl toecepiincidisderparplacsdatiechsonuwtammausty, Luid veghndistinct discharge
characteristi%s. 9, The system as sett.forth in claim 1 wnhereiﬂ %}ime delay is inclulqed betweecp actuation
; i t 1 abt ﬁ I

C g iSpeENsSINg. Ire _extnguisnin rou gae, [ Seé mecnanism, Sal
of said first cylin erang said'second cyimaer 518 he sys%m a8 86t forth 1n Claim ,wrﬂerelna

subsequent signatisasuethbeifore ity sevurelledlinder roatwitiedvanlTsseystemnasaiet forth in
claim 10, Wherei%&%@l%@ﬁﬁ%?&ﬁ@%hﬁﬁt@ﬁ% %éﬁimsed indication that a vehicle including the

crew compartment has been N _ _ _
a nozzle positioned downstream of said release amésim to dispense the

extinguishing agent into the vehicle compartment| the majority of the dispensing

10  from a first of said at least two cylinders occogrin five seconds or less.

2. The system as set forth in claim 1, wherein daid cylinders are two

separate cylinders.

15 3. The system as set forth in claim 2, wherein eathsaid two separate

cylinders hasa separate one of said release meahani

4. The system as set forth in claim 3, wherein rglsi nozzle receives
extinguishing material from both of said cylindedlswnstream of said release

20 mechanisms.

5. The system as set forth in claim 1, wherein eafckaid first and second

cylinders include at least one fire extinguishiggt, and an inerting agent.

25 6. The system as set forth in claim 1, wherein s&dh of first and second

cylinders is provided within a single canister.

7. The system as set forth in claim 6, wherein sangle canister includes a
separate seal between the first and second cy$ingéth said control controlling

30 said seal to allow fluid to flow from said secornyirder.

8. The system as set forth in claim 1, whereinfiis¢ and second cylinders are

actuated simultaneously, but with distinct discleacbaracteristics.



10struck again, or the flame has increased in magnitude since the dispensing of the first cylinder. 12.
The system as set forth in claim 1, wherein said first cylinder includes a greater percentage of fire
extinguishing material relative to inert material compared 15to a similar percentage in said second
cylinder. 13. The system as set forth in claim 1, wherein the majority of the dispensing from at least the
first of the at least two cylinders occurs in one second or less. 2014.The system as set forth in claim 1,

wherein said nozgle is pasitigreshioResuifdites kAN thigrrepiresRiSAld mclaastwacybnders. 15.
The system as set forth in claim 1, wherein said nozzle is positioned to be within one meter of both of said

at least two cylin@5Ha%eN 96SAISI QAIRISE ad £ SRAQIMM%Y, wherein said nozzle includes a

separate nozzle associated with each of said cylinders, and said separate nozzles are within three meters
of an aSSOCI%ted pye Ofﬁ?éds%{S%StagwgeWgﬂﬂqhs'claim 1, whereimlasequent signal is required

before said second cylinder is actuated.

11. The system as set forth in claim 10, whereid sabsequent signal is at least
one of a sensed indication that a vehicle includive crew compartment has been
10  struck again, or the flame has increased in magaitince the dispensing of the first

cylinder.

12. The system as set forth in claim 1, wherein $a&st cylinder includes a
greater percentage of fire extinguishing matemddtive to inert material compared

15 to a similar percentage in said second cylinder.

13. The system as set forth in claim 1, whereinrtfagority of the dispensing

from at least the first of the at least two cylirgleccurs in one second or less.

20 14. The system as set forth in claim 1, whereind s@izzle is positioned to be

within less than three meters of said at leastdyimders.

15. The system as set forth in claim 1, whereinl smzzle is positioned to be
within one meter of both of said at least two cgérs.

25
16. The system as set forth in claim 14, whereid sazzle includes a separate
nozzle associated with each of said cylinders, said separate nozzles are within

three meters of an associated one of said attlgastylinders.



