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2099298 - 1 - FI RE AND EXPLOSI ON SUPPRESSI ON The present invention relates
to fire and éxplosion prevention systens. Many systens are known on the
mar ket and have been proposed for fighting fires. Such systens enpl oy

therwal, 5 _light, heat or pressure detectd?2298 deternine the
-exi stence of: a fire or explosion and to actuate fire extinguishing units
~and are known to be effective for suppregsing fires of various origins.

There is. no system presently on the narkét capable of 10 effectively
suppressing incipient explosions frombath high energy and | ow energy
ignitions. In order to effectively suppress an explosion such as that’

ari sing when a HEAT (High Energy Anti Tank) round strikes an arnored
vehicle, it is necessary to achieve suppression within approxi mately 15

| OO nsecs. follow ng the onset thereof. If suppression can be achieved in

this time frame, skin. burns to exposed personnel can be Iimted to first
degree and the pressure buildup can be limted to one atnosphere. UV IR
detectors suitable for use iFLREpABD EXTIQHIQ@N SSURPRESSIONyst ens are

descri bed in our copendi ng, Patermt—Apptrcatromr9896—(2~6826~870) of even

-date herewith. _In the specification'of'our Pat ent Application No.79897 (2

822 409) fromTRe cRTERE N cventippni caliadies stdi filved sndhaxplesibai med

Duppr ess gt vAPRed 8hUs ¢sing: 25 a plurality of containers of -
pressuriSed extinguishing material disposed for comunication with a
protect ed vol UNBEY nEXSS NS &RHsKRGWORNSTLfdieit TORKR tseRde hEve heepnural ity

of contaipiaigoded for’ eiduemngl paraul,PUISUK 63L4aRS YndilSy CPREAREAIY
contai ner; and actuation Circuitry -responsrve td an
ont8A§ ©OF pRessurpudetesiton’ ohe devermine the existence
of- a8 fire or explosion snd to sctuate fire.extinguishing units
and are known to be effective for suppressing fires of various
origins. | ' |

There is no system pregently on the msrket cspsble .of -

larmin

.10+ effectively suppressiug incipient explosions  from both high

energy end low energy ignitions. In order to. effectively .

- suppress en explosion such as that srising when a HEAT (High
Energy Anti Tank) round-Strikes an.armoégked vehicle, it is
necessary to schieve suppression within spproximstely

l5 100 msecs. following the onset thereof., If suppression c¢sn Be'

achieved in this time frame, skin.burns to exposed personnel
can be limited to first degree snd the pressure buildup cen be
limited to one stmosphere. '

UV/IR detectors suitsble for use in explosion suppression:

20 _sxgtems gre described in our copending Patent Applicstion
_ 7%?96 (2 020j870) of even dete herewith.
| gﬁ.the specification of our Pstent Applicatiog _
No.7%§97 (2 022 409) from which the present spplicstion is
- divided, there is claimed Duppression sppsrstus comprising:

25 8 plurslity of_containers'of pressurised extinguishing materisl

disposed for communication with a protected volume; mesns for

sensing the operstional state of the plurality of contsainers and



~mgitially selecting at | east one container indicated to be 5, ~ oper abl e,
:ééétuating said at | east one. container to discharge: said extinguishing :
terial in response to said alarmindication and actuating a respective -
ddi tional container to repl.ace each actuated container for which an oufﬁﬁt
~indication of discharge is absent. The present invention has as an object"
t he provision of 10 actuation.cgreuitry for use in suppression systens
.operative in the required tine frane to prevent serious burns to exposed
- personnel and to limt the pressure buildup to an innocuous |level. This
actuation circuitry has neans A for operating suppression elenents. In
addition the cirguitr have further- means B for operating the

may ‘15 . ) L OF
suppré%%?oﬂreVéM%.g%Pétn&P@éﬁao?l%ﬂveﬁi &hce RarabALlisTrémd red to in
. ]g_he g@srédépérge- Wi Gudel t@%@aﬁ@%ﬁp sne ngh!éﬁ:io% éi@gﬁir&@erﬁs’gf@mﬁa
irst node", [rrespectjve, o ether meapg A is proyvided al.one oy together
wl th ABRDESLARD RS ErEnend o Sotaqony il Aattce tiam R tn a0
?econdnnmEéllynsaxiftmngesw1MG5¢$ @meseahtbggﬂﬁiimdiﬁbﬁé@itbrb@v:dfd -
or . us ir 0S| on_system conprising.a plura
5 of aort i i SsWiaPiRe jodt RN ERRROR R HRR R, e b dhatde. )
goppﬂﬁﬂt@: Qstlnﬁglshinggmmgxgﬁi@ngniFg@ﬁ%ﬂ§é-ﬁgdga@§;g¥g 'nsﬁfore
efi ne r rat. sai d.suppression el enents_|p response to differin
e en ha L Bp s H Bad S s I € P e Reg S Te mad Lt i PRB o sankat Rer o
det ectreplbgenmeach motusdedeicon e inerhifore WHIGK bhMBubRitflt fDidLEEERLNT
- one orofnagsgbéég%£¥$g%%§?4ﬁ;eIenents;.and_35 . second"neans operative .

~in responséto e than one detector within a.second time
span for op@id i pige semtorinweet Dont he sswpreagsoofeekeRiE sprdvesfchualfi on

locircuig&%dg@&éﬁsgiggu Yy £57 3se° %quﬁgieSSion systems operative
in the required‘time'frame to prevent serious burns to _
exposed personnel and to limit the pressure buildup to en.
innocuous level. This sctustion circuitry has means.g for
opersting suppression elements. In sddition thé circuitry may

15 have further means B for operating the suppression elements.

As a matter of convenience mesns A is referred to in the
description which follows snd in the clsims, ss "means
operstive in s first mode", irrespective of whether mesns .

~ is provided slone or together with mesns B, and mesns B is
20 - 'referred to s "mesns, operstive in s second mode".

‘In accordence with the present invention, there is
provided for use in 8 fire and explosion suppression system
comprising s plurslity of detectors snd 2 plurslity of
suppression elements, sctustion circuitry comprising:

25 mesns operstive in s first mode (a8 hereinbefore'definéd)
for operating said suppression elements in response to
differing types of detection including: | f

’ first mesns operative in response to detection by
30 "more then one detector within & first time épan for opersting

one or more of the suppression elements; snd

35



5 in a second node, (as hereinbéefore defined) for operating nore fhaqiggg;
ohe of said suppression elerments in response to detection by at |east one. :
"detector. This arrangenent may be enployed with a suppression system
fitteadito an armyred vehicle where the first nodeis a normal node where

the |ikelihood of 10 hostile fire is negligible and the second node is
a conbat nbde wherein hostile fire i supossible. The circuitry provides
signals for actuating the suppression é enents as required. As will be
shown, the failure of particular suppression elenents to respond may be
conpensated 15 - for by actuating others. The follow ng description in
which reference is made to the acconpanying drawings is given in order to
illustrate the invention. In t he draw ngs: 20 Fig. 1is a schematic

illustration show ng acement of e t|n hing material gontajners,and
associ- 5 ated equi pﬁéﬁ?’q egrﬁ 88?“3 o ed”i %P@nﬁﬁ t%cc‘%?%%ﬁt% Ofi P

an eﬁbodimwﬁeCﬂhaneonevdmbentofﬁﬂithi&.@NhéﬁbmdetiMQWsyﬁntﬁbr opersting
respectlv &% |IIustratlggH£frnal and caonbat. .nodes. of the | ogical operation

of act uat "8 &% CBPFFyC & RYRRrEAG 195 4T RRME8.  in accordance with an

enbodi nent of- meTQMEnemwnnFhimcﬁltsyadsyxélﬂoagnmprihdfmeensyabpenatlve
Chpcuitry . whose | o

O Y (% o d SO ST 1S LB I S boBSS e 20 S0k 2B oE O
O B e oy o Pt 0
|Flustrat| WEH0R Qﬁb %:ﬁﬁﬂs€f°§ daﬁqﬁéhﬁrtoﬁgﬁﬁacﬁaf%ﬂﬁp@ﬁ EaPPJéiﬁq
accordancempldyed wish entmgppressdon Fystemnfittedand sn armored vehicle
where the first mode is 8 normsl mode where the likelihood of
10 - hostile fire is negligible and the second mode is 3 combat
' mode wherein hostile fire is possible.
The c1rCultry provides signals for actuatlng the
suppression elements as requlred As will be.shown, the failure
_ ‘of psrticular suppression elements to respond may be compensated
15 - for by gctusting others. K ' '
' " The follow1ng description in which reference is made to the
accompanying drewings is given in order to illustrste the
invention.  In the drswings:

20




Fig. -6 is-an illustration of another enbodi nent of a deflector constructed
—gn operative in accordance with an enbodi nent of :the jnvention. Reference
£ now made to Fig: -I which illustrates 25 in schematic formthe _

l acenment of fire and expl osi on detect-,ion and suppressi on apparatus in4a
typical arnored vehicle. The apparatué'%% divided into two operational
sub-systens, System |  -for the protection of the Troop Conpartnent and
System |1l for the protection of the Engine Conpartnent. 30 The operation of
t he individual sub-systens will be des- cribed hereinafter in connection
with Fig. 2. SystenFigeodpdisses sohenmaticiitilnstyazdonhisbiowisnpittes al arm

O ts f t ' | . 16t LihuLed.l .
Conpar ¢ RAHCHHERE, OF EtnoRisHINg Thcerfaf Cofipilerd iR Hid¥Lic
det 8ct orted amrirmentuln 3 typismdodmoredfvehiclaydnt aeeardanae UV/ | R

det ect Okgidas 4 haphbdindh+abe HNtiARGH: Lopendi ng U. S. Patent Application |
(Case U 2790) filed concurrently herewith. ~ Control circuitry 20 al so
recei ves an input sF&#gar ?ﬁoﬁ’é e A8 £ lew jaharts, rggeecsidivedy 26 | ocated -

?t g he Qlﬂl&i%?éiﬁ@?né?ﬂh%! Qnd%n{lﬁ%t C‘r!'tléciéblétéf.gﬁei”iﬁb%:i%%llr izgal I.)é ggupl ed
0 a palr —extin 1.sni,Nng agent dl stri put] on assge I es . and- . '
Assenbl PRRFALHRR PF, ACERARLOR ShRFHLITH fFRRFRHC 288N AR PPSTALY S whi l o -

asg_@gﬁl ﬁﬁ&mt méiwgttﬁi ghteﬁmm _jimeﬁg\ﬁﬁgﬁhecgﬁb_ageg_b%,;@nt ?![ ners 33 :
an e apparatus oci r,ew will be described hereinafter in de-
10 tail an conne?ﬁign % gﬁ B %sl.“’é‘- &ia‘ﬁ@“p‘?gcgﬁ'@nﬁcmt&qr’ent ation of
the contddiztaidtiy whbdsanilogd calpiopera tion ois ebthuserbited din egigd. vehicle
~or other, volu %#9 be protected in order - to provide speedy and uniform
distri- %ﬁuﬁ%ﬁ?a the extinguishing-agent upon actuation of the 15
system For the puFpgsed. & tame idilustssatvionhofhohel embodiment of

15 an- extinguishing material container, release valve assembly
and pressure monitor constructed and operative in accord-
ance with an embodiment of the invention;

Fig. 5 is an illustration of one embodiment of
a deflector constructed and operative in accordance with

20 an embodiment of the invention; and ' '

.~ .Pig. 6 is an illustration of another embodiment
. of a deflector constructed and-operativé-in accordance with
an embodiment of the invention. ' . | .

] - _ Reference is now made to Fig. 1 which illustrates

25 in schematic form the placement-of'fire and explosion detect-
ion and suppression apparatus in a typical armored vehicle.
The appa:atus is divided into tWo¢xmrathal Sub—systems,
System I for the protection of the Troop Compartment  and
System II for the'protection of the Engine Compartment.

30 The operation of the individual sub-systems will be des-

 cribed hereinafter in connection with Fig. 2.

| Systém-I comprises control circuitry 20 which
receives alarm inputs from three detector assemblies 22
disﬁributed in the Troop Compartment 24, which is indicated

35 in oval outline. An example of a detector assembly useful

in the embodiment of the invention is the UVVIR'detector
described in our aforementioned copending'U,S. Patent
Application (Case U 2790) filed-concqrrently.hereﬁith.



it wll be understood that each of containers 32 is equipped with a ' @
di scharge val ve and a pr-essure sensor. The.pressure sensor provides a
continuous indication of the operability of the cylinder, in'the sense of
it béing fully pressurized, 20 and an i wgediate indication of the

di sch f th
dlscrarse, | RanSloy AR Ly 167 aPR8! SCLANRY ADSNA N6 BIDLoRTRY
conpri ses cmanuaulglanﬁuabldOtmeQérlswitnhvéﬁeddgate&maﬂ th@ecohtaide

detector 42 al ong the periphery of the engine
conpartnentowhtﬁg ?%: - or 42 may be, for exanple, a nodel WK 716287

manuf act ur ed - by valterankmpbfcin§u¢¢SYA20TH§ edagtrieaklyicoyplednty
al so beSaCtHabﬁﬂxbhfiéﬁﬂ!ﬁ&ﬁﬂSﬁ&ﬁgagbénErHﬂ@%&ﬁ%ﬁﬂﬁah Sdinsfi a4l bgh 26.

30 Control cir Serves to actuate an ex-, tinguj shing
agent di strPpdt30n afsSaRbin 42%mF¥RiF§lFU-CSEEﬁiﬁﬁst4ﬂ9f¢%ﬁﬁnﬁﬁl§h§ng

vehi cl e andaiganftl WohteIHBYS C32 %Qﬂe asaemw taaoblxﬁf%iﬁ@héé aﬁﬁei:he
engl ne corrpartmant at the rear t her eo

T eont I oAne B a5 SRERERERR L ROBIALIRS 17 ARA (A AuRepatES
syst ens andassecdw@e&héﬂwyﬂctwﬂnlehendwgem-iw mralmf’ee:etmrdew se

di-sabl-fe.a. ﬁ Eae icﬁont r ol qCI C“'%%ﬁhzgihgd' Z‘&Wﬁg’?’é cal llﬁ: I lg. 1is
operattVe i RSt ’ K hood of
.host i |b Ie fi rT eri‘esxtmﬂlo:gldt ethancbntamnhas &sddetdm:lmsa rempltEcélle is
possi bl e.
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descri bed wptbtedhaaﬂtnedxﬂéhetélpnovhdetSPBEQy(knﬁluniiqnm aﬂsaﬂﬂ-ZB
me?\grﬁgﬁr;@}}ﬁf erPdét)*g{F %fl‘lé‘;!é' ﬁn haV| n o%ronc%rgta{llape gntf %ge |

15 system. For’ the purposes cf the discussion which follows,

it will be understood that each of containers 32 is equipped
with a discharge valvecand-a-pressure sensor. The pressure
sensor provides a continuous indication of the operability
- of the cylinder, in ’'the sense of it being fully pressurized,

20 and an immediate indication of the discharge thereof.

System II, for“prctsction.cf the Engine Compart-
ment, located, in the illustrated embodiment, at the rear.
of the armored vehicle, comprises control circuitry 40 which
is activated by a wire type heat detector 42 which extends

25 along the periphery of the engine compartment.. Heat detect-

or 42 may be, for example, a model WK 716287 manufactured
by Walter Kidde of the U.S.A. The control circuitry 40 may
also be actuated by a manually actuable trigger swztch,

- | such as switch 26. :

30 Control circuitry 40 serves to . actuate an ex-
tingulshing agent distribution assembly 44 which is lo-
cated at the front of the vehicle and in fluid communica-
tion, via a suitable condult 46 with the engine compartment
at the rear thereof. _ : o
35 : Systems I and IT are supplied with electrical
" power through suitable main and béckup power. systems and

are designed to function even when the vehicle ‘is other-

wise disabled.




ector assenblies, four alternative possibilities are considered. |If

y one detector assenbly is activated there is no response. |f 'two
eyector assenblies are activated within 15 a tinme span of ‘nore than 1
T5ecs., and cylinder #1 is operable, cylLgoder #1 is actuated. Once S

di scharge is conpleted, the systemis - yeady_for nqgrmal operation after five

seconds. If cylinder The P&qfs"-;yqjo RESWAFEE _aﬂdlé’@a'i%d Eﬁff}%‘“%mﬁklﬁ; -

cylinder #2 P$gaciuiisedpedatd vl sihatws 2Dterha teVePRIGE | e Hysham i s

&F?S%SJ S%%ﬁﬁﬁﬁ&ﬁﬁ&%ﬁ S ?ﬁééﬁgim%&ﬁ?k%”i%ff@éiéil e,
cyl i nder | & combatemode opdrerdin KosetillasChaegds pousiikd ed The 25
?%2%3;‘?5#%39’{%38@:5%%&%@ ‘%ﬁ#&%§£a%%ﬁﬁuﬁiﬂl§h%§%?§é?§ﬁ h
.cd eienait 3 : - I ) i aohpléhen
e g e B 28 B
are activafe : cyf'l ng'ers a%#é{are oﬁ‘l ac |vate§'i '((aﬁ?erac?ée. f ,
cyl i nder Biigss 2PAopBdaBBe oThiefe charesseafegetanam daakaldationi nder #2
is act uatk?ﬁliﬁg%s&ﬁbhgntglﬁfﬁﬁéi:mi‘ers #2 or #3 are inoperable or fail to

di schar ge en- actuate r #4 35 -is actuated if operable. If
cyl iiders #3 and #4 ARenpXMadpdQER ORLrabient dFagocRAMgaising threated and
cyl i nder 8956 t i/, fid N$fte ' o 3441111 {ORES . Once

t wo cyliﬁﬁé?s |§C§§?8§?ﬁgﬁgxsysten1ls r§§ﬁ§§¥§rb§§§¥§i;i 0 e?%%?on after
five secotrnsiderede olfePnlthAngletectoryppaemblyr dfaiactivated st em

operates jipaide] s HBa&eMB@%AHﬁ!J 2B) in response to a nanually entered
i ndi cati on. r?ﬁg oper- 5 ation in the Conbat Mde, the system operation
is the same : If two detector assemblies are activated within

15 a time span of more than: 10 msecs., and cylinder #1 is
operable, cylinder #1 is actuated. Once discharge is
. completed, the system is- ready for normal operation after
five seconds. If cylinder #1 fails to discharge and cylinder
o #2 is operable, cylinder #2 is actuated. Once discharge
20 is completed the system is ready for normal operation after .
_fiyg’éeconds. | _
| . If cylinder $2 fails to discharge when actuated
or if both cylinders #1 and #2 are inoperable, cylinder #3
- is actuated if.operable. Once discharge is completed the
25 gystem is ready for normal cperatioﬁ after five seconds.
- If cylinder #3 is inoperable or faiLS'tg discharge when
actuated, cylinder #4 is actuated if gperable.
' ' In the event that two detector assemblies are
activated within a time span of less than 10 msecs. or if
30 all three detector assemblies are activated, cylinders
‘ $#1 and #3 are both activated if operéble,' If cylinder #1
is indperable 6r-fails to discharge when actuated, cylinder
$2 is actuated if operable. If cylinders #2 or #3 are '
_ inoperable or fail to discharge when actuated, cylinder #4
35 is actuated if operable. If cylinders #3 and #4 are in-
| operable or fail to discharge when actuated and cylinder
#1 operates properly, cylinder #2 is actuated if operable.
Once two cylinderS-discharge, the'sgsﬁem is ready for normal




i rrespective of the nunmber of detector assenblies which are activated at (E%
the same tine. Thus in résponse to de- tection by one or nore detector
asseanles the control. circuitry actuates cylinders #1 and #3 if operable.

If 107 cylinder #1 is inoperable, cylinder§#2 and #3 are actu- ated if

operabl e. Si Wigerdtiod aftepdeivédsietondaner s the Ghtaner shit a@ér%we
actuated if %gﬁgggﬁﬁf | f ﬁg%lnder #1 fails to dlscharge when act uat ed
cylinder #2 i ¥ erable If cylinder #2 is 15 either.
i noperable or fails to disehsygtemhepexattes dn tnéicmhba#4MbdeaQquLeQHﬁ
operable. Sing| ylL 1l nde, I en actuated
csllnder #4 gg.@@%?aﬁ < éé Qoﬁgﬁggii& EF%%%%éyiﬁgégéF*%nélt %Flpﬁoﬁgﬁﬁﬁle
or fails3to @tdemarige WhﬁnﬂgmbﬂttUc¢eayth#dewsm§msﬁpﬁta@ieﬂ 28 thefsameh
operable. |If jRotdy rSe . n a ;ﬁﬂ? t t hen
cylinders #Ziand §%¥%f€ﬂ§6§ﬁa%%§ Hyggp%rgglgg ce é$gfﬁ%§swgiggharge
properly, tha@Tssactiwatediatonhbe agaﬁntimsdy'mmuSnﬁnzﬁ¢$Ppn$eetofdee
seconds 10 { RacRtling Nie BF AGLE Q¥LbBLSLS duBY1d], |€nd SBRELSY &1
descr above e

feature of the invention, that the gﬁeratlons ace in

fa
very short pSiFSYdtRY (3cknatesselinpdersofinand d& dfioperaklest i 1£30

tute opkoabl eyq.c.mmem is)rin@paﬁasmée eym&ha@&rsat#wea:@ R afésaé:eu-
sufficient tl t(iié) ress. an ex S|on 1eoerat|ons (0] cont r ol

circuitry 20% 3blehe § éﬁ&i’t Lorvdiigden 4 Jnks oineperable,

preferably i egldndess 4V 488 PyegPbanythared iG.* cpapgité onal logic 35
circuitry conponents<ﬂﬂ¥£ied n_ the ELgcﬁ#dlagran1of Fig. 3 which - wll now
be described. In Fig. 3 nderi khufeidsoopeischardearhean acknated,

correspondi ngylldnde (#2 eks dodegheedaggespeirable. If cylinder #2 is
15 either inoperable or fails to discharge when actuated,
cylinder #4 is actuated if operable.  Similarly if cylinder
#3 fails to discharge when actuated, cylinder #4 is actuf
ated if operable. If cylinder #4 is either incperable or
fails to discharge when actuated, cylinder $2 is actuated
20 if operable. :
' If both cylinders #1 and #3 fail to discharge
“.when actuated, then cylinders #2 and #4 are actuated if
. operable. _ _
Once two cylinders discharge properly,. the
- 28 system is once again ready for operation after five seconds
to the extent that cperable'cylinders remain. | | |
' It is a particular feature of the'iaveation, that
. .the operations described above take piace in very short
- 3 periods- of time, in the order of milliseconds, to substi-
30 tute operable containers for inoperable or inoperative
containers in sufficient time to suppress an expiosion°
The operations of control circuitry 20 indi-
cated in the flow charts of Figs. 2A and 2B are preferably..
implemented by the exemplary layout of conventional logic
35 circuitry components depicted in the block diagram of Fig.
3 which will now be described. | |
'Ih-Fig. 3, the alarm inputs from DETECTOR NOS.
l, 2 and 3, corresponding to the three detector assemblies



' ‘Fig. 1, are received by respective Wndow Circuits of control

:‘ itry 20, and the-output of each Wndow Circuit is sinultaneously fed
t0~a respective input of a PRI MARY OPERATION LOG C chip (PROM 512 x 4) and
to a b respective input of a first OR~8ATE. CYLI'NDER NCS.. 1, 2, 3 andfo/

cor-r esponghnget @sihe i fo‘é[ré?oﬂéééf@ézﬁ B% %gge@ﬁwmﬁm@g%h 4 (Fig’

1) recelve their actuatln- f respective Circuits

from respeét PV@tﬁ'@ﬂ-plﬂiquz@Rl M@Y*@PERRFIP@?- I@@@ho@#n@mﬁ rol of.

10 ot hegs kBREES 10 ARMARNGRERY L oS! G by Hn £nggtal s the
© out put of _a_nonostabl e. rrult|V| brator éO\IE SHOT _P ITI VE GO'NG) triggered by

_the first PRRIARYEOPERATFAN i LRCTE chipt ABROM §d2 & 4handdeosal ector
- BATTLS/ NCRbkbeSUATRH iaipii 3 Ht AEEstnort saeech. iovHinweneyed, an, e

Chcelved 7 BRfCH) REERaGBSRGL S € she " Bohx, Sontainars, CY@DE&Q%:’??S are

add|t|onatrgo?ecempa&ﬁmeﬂﬁw24$WE£EERATLOHebGENG EQE&ﬁ&gﬁﬁfifnn E?a;d OE

- Sror NeaRoE B RRY HE RenRe e BREORR Eitetis AR FeMRAH R cach
of the ouophputoieEEBMmmmmmNTmmmden|cmtetrmbdofat|_ng '

orerih P Elitts ey AR SEERARRON ERGIT; S d Nl SufeFonel

i nput s, ebnpubyiaa;thaf aukpwizrd £sa coonestad leo muditdivtidsraar v{ ONBt SEOT( ONE

rssso-pl)-esﬁslle ofJE'F %W%XE&E?& andtcL1=|~ %ﬁfﬁbl %Q%l?%g J'8ut puts
of SECONIP®RY d;anEle.hel outpod Qf vthe mode selectoxf |EMTLMORMAB CAWPTCHab! e"
ot 1 o ERACENGE ORISR hdu Gl dieh TRAL oS oF i Walle) Nylingge oo OV
TESR-BW TR angeRESP merq;lme paoweﬂeectdsves ENGTY QWHNDER mm@mapm ies
i nputs tOrEBﬁ%B& or byt Cuééd §5 2,350‘&‘}1@“'3\/ CRERAIR LN &fkhEe |
simulatin e I nputs theret rom t he” nondst ab nul'tivi brator tri gered
by the fi aput 13 additienally received by ?RIMARx OPERATION LOGIg
by way of two series-connected monostable multivibrators .
~ (ONE SHOT POSITIVE GOING and ONE SHOT NEGATIVE GOING) from
200  a second OR GATE having an input from each of the outputs

‘of PRIMARY OPERATION LOGIC.

' ' ' The empty cylinder indicating inputs o PRIMARY
OPERATION LOGIC are also applied as inputs to a SECONDARY
OPERATION LOGIC chip (PROM 256 x 4) which receives four

. 25 additional'inputs;.eech by way of two series-connected
monostable multivibrators (ONE SHOT POSITIVE GOING and
ONE SHOT NEGATIVE GOING) triggerable by the respective
outputs of PRIMARY OPERATION LOGIC and by the respective
cutputs of SECONDARY OPERATION LOGIC, whichever arrives first.
30 A "chip enable“iinput is moreover received from the monc-
. stable multivibrator triggered by the f£irst OR GATE.

For testing the operation of control circuitry 20,
 a TEST SWITCH and TEST LAMP are provided. Closing of the
 TEST SWITCH applies inputs to PRIMARY OPERATION LOGIC and

' 35 SECONDARY OPERATION LOGIC simulating the inputs thereto

- from the monostable multivihrator triggered by the first .

' OR GATE. At the gsame time, the TEST SWITCH applies one
of two inputs to the TEST LAMP. The other input to the




OR GATE. At the sane time, the TEST SWTCH applles one of two inputs to t@
TEST LAMP. The other inpdt to the: -9- TEST LAMP is‘received froma

first AND GATE when the latter concurrently_ éecel ves respective inputs from
a secé‘ﬁd AND GATE.and a third AND GATE. The Second :AND GATE responds to the
respective ouEMTsLAMPSE@CNBAB‘iv@EEFﬂEBm Lfi¥€r AND GATEcwhen tthe d #Nar

GATE ds I | VER cir
All nregzgggry éﬁ%‘%@e@‘gﬁ'&g&g or c%r é%#?%w%‘#’i’gg fﬁ?g éf#l tﬁpﬁ%
VOLTAGE REGULGHATR ahdwa thl?dgﬁﬂb\ﬂkwﬂnn The seonnthanGamEbmespdnﬂs

lify th e d Fig.
ésll rr\pm: CK i Fust r at eskgﬁga%% outtput-fs an ex | ngugﬁglcgghirrzé\ erral Itn ‘ai ngr,
re- |easd val'iellesthe ghand pids GATE masrendeohot thet cesm@tém ative in
accor dance i i gae81BedARNLydli ddh: IHRAVER PLrdhiLs, 2 RIL! nElllsdipl ure

of this enbodinent that the con- tal ner can ?& ts contents thin
150 ni || i secoHEPbY. Yedsrgesofomn %‘Q}%ﬁl cﬁff-%‘?‘ghm eagenpPzpvdded] by s of

a_speci al COf@W@!E‘I'AGEOREdﬂw gHowl A 081 ext § efBLNohiRS L £3MRL]! %tio s

t her eof . Theoﬂnes $ a{: ﬁ_renrR tfg&gﬁ‘tfzﬁnr and the filling 2

pressuri zati ‘Hg %gf *HI¥RB-basi s of a cal cuI at i on
of the tl@al vol une of aReﬁmhwrits oW made t €6 F?proﬁﬁﬁbhm'luu@tﬁtes

- ed h d he, t.0 t of
RN IO T e KR )

£a$s°94§%§g§Fheﬁe'
~concentratumieﬁsexVamga1abaemblqg@ﬁdIpréduurewmmm$t69 aehse!&cted and
suppr essi on, SSELEel by bV SeRBkaatle 1A SPLEl THRMBILRL LU BT Oy on.
practice, theltdataiparticald lféed:ren btl Msf:’éhbodfmmghuﬁfthégcoﬁgent such as
Hal on 13Gd, 'QEEgégtHQSdegﬁty its contents within 150 milliseconds of
receipt of an actuation signal. _
The container 210 is of a special construc-
- tion designed to provide extremely fast emptying thereof.
The design parameters of the container and the filling
20 and pressurization thereof will now be described: _

- On the basis of a calculation of the total volume
of a compartment, such as the troop compartment of an armof-
ed vehicle, to be protected and the total number and place-
ment of the extinguishing agent ‘containers therein as well

25 as the desired concentration of extinguishing agent in this
volume to achieve suppression, typically five per cent, a
determination of the amocunt of extinguishing agent to be
contained in each container is arrived at.,

In practice, the container is filled with an

30 -extingu;shzng agent such as Halon 1301, manufactured by
Du Pont of the U.S.A. The extinguishlng agent is stored
in a liquid state under pressure and f£ills a portion of the
containers. A pressurizing gas, such as nitrogen is also
contained in the container. o

35 . The interrelationship between various parameters
which govern the speed at which the extinguishing agent
leaves the container outlet is determined by the following
approximate expression:



er pressure and fills a portion of the containers. A pressurizing gas,
h as nitrogen is" al so contained in the container. 35 The
interrel ati onship between vari ous paraE%Lers whi ch govern the speed at
“which the extinguishing agent |eaves the container outlet is determin d‘By

(E§>Pont of the U S A The extinguishing agent is stored in a liquid state
c

the foll ow appr oxifirat e expr ession: -10- [err] where: - the™ i;§=
speed of th¢aext ngu/ %y ng agent i kq,, liguid/ t@ge (ft/sec)
g - the_ gravPtalional acceleration\(f¥/ferf/]) [err] - the d nsPt;P f/ the

extlngwgm G—a( Rl fi a—at bbGbig—st-atie (| bs/ff t frddethe pgrtial
pressure of tgf re surlaaag gsdtnjthe copt av H-&Ib kiﬁtf]) 10

[err] - eci i%° dﬁé of the pres ur| -k as in the
container (ft3/1ps) t ffective out et openi area {err] [errg-

t he wei ght of the pressur|2|ng gas in the container (lbs) [err] - tH

pol yt r oshexreenst ant of the pressurizing gas (unit-less) [err]. - the
partial pressure of ., he n n Nty & 3R 't he
speci fic vol une of g(tl neélé¥ ;f;g dgp%?' Effat’:% eé:l@fﬁ&%é%ﬂ{,ﬁ %gen n the
cont ai ner (ft3/1bs) [err] he hf F he <éa rﬁuushlng agent, in the

- gas®ous phase in thg contthe]eqr%vbt;lt@.ena]l accelenatian opft/seas) ant of-

- the ext;ngu|sh|ngf¥¥yu (éﬂéidéf§§£y of the 7xtinguishing agent in
' - a liquid state (lbs £¢£3) _

P, = the partial pressure of the gressurizing
. gas in the container (lhs/ft<)

10 "vno - the specific volume of tge pressurizing
gas in the container (ft</lbs)

a - the eff.e'o.tive outlet opening area 22y

'm_ - the weight of the-pressurizing gas in the
' container (lbs)

5 k- the polytropic constant of‘the'pre3surizing
. S gas (unit-less)

Pf - the partial pressure of the extinguishing
agent vapor (lbs/ft?)

Veg = the specific volume of extinguishing
' agent vapor in the container (££3/1bs)

'mf - the.weight of the extinguishing agent in
= the gaseous phase in the container (lbs)

Kg = the polytropic constant of the extinguishing
agent (unit=-less)

25 P, - atmospheric pressure (lbs/ft )
' The above expression is solved by conventional
.computer techniques using a trial and error and {teration
program. In the program the following_parameters.are varied:
~ total container volume, the pressure in the oontainerswhen
30 pressurized,.tOtal_weightzof extinguishing agent, effective
outlet.opening.areezand ambient temperature in the operat-
ing environment. | -
. The computer program provides for a given
- emptying time and volume of extinguishing agent, a plural-
35 ity of combination of the various parameters from which a
useful combination thereof may be selected, on the basis
of which the container may be constructed. The value for U,

20



2 25 lerr] - atnDspherlc pressure (Ibs/[err]) The. above é;;;
expression is sol ved by-tonventional. conputer techniques using a trial and

error, and iteration program In the programthe follow ng paraneters are
vari e total container volunme, the presS#€ in the container when 30'

pressuri zedepgOlcie 14 HHedd 8fttHSUIe§IEh.ﬂ%u§%ﬁltng Ydant | e geié8teqreni ng.

area and anbi ent tenperature. in operal- ing enviTonment, The conputer
program proFPdee ¥ %ﬁ%ﬂ%nﬁ?‘?ﬁg Pi W°§MW&W%1@Q|W§HHQ‘

agent, a, plioal oﬁ%xtﬂﬁquﬁhmgbagahtomnofthbherdiaﬁue)usim:@nrsermsécem
whi ch a usef%l ation thereof nmay be sel ected, on the basis -of which
t he contai nf ﬁé& tructed. The value for U, the outl et speed of

t he extBngui shing agent Omcscatgivent combinatiion aff patamefetrs hasdbeent he

dest 190 SOMGRTAEAR, U uibUARE LRI Wi B MRS,
Pﬁasb?ﬁg igaadf@huswﬂheunnnmaineexVohgmesh:dgtbgemutﬁet(ﬁpenim@gen:annven.
operating en%r onrre"*{) #g]ierrp%pgjf%&g 8#%%2%6'%?&%%&9' %rn?r‘eeer{g% gtéﬁga%f_%%? ?
configuration 10 is tHe ikentainey dimensions anddinner cenfighratden
he oulbe! dsaTres dbanchbody 6hoPRbCoaR1SN UL Und T Y6 A0GREE hd 1O

0 these di mensi ons are

1: 10. Imts ern1ne Installatro

requirr enent Sutles diametar theands b@d&néipmettegn Q)fslmﬂ.d:dm aiIIne'r-he range

connecti ng Q riyn 1 ai S
det er m ned H\Eeg'cgg# a%beiq;m EE' ee?egghltﬁggko ouss cﬁz}gsen se% %%@%ﬁga

pages 580- 53Y ém&’orad-_lafgimera@gimmatsk b{fhe ghare joffcthe \RaxHewing1954
et "EBRAR IR hd od £r Fhe2NEBhRCRULIR Ll DD Boreloh"SE the

15" ~container to the outlet therecf is determined in accordance

with the teachings of Rouss~Hassen set forth at pages |
- 580~581 of the.Engineering;Handbook-by.S.G. Ettingen,
Volume I, 1954 (Hebrew) which determine the relationship
between the length of the narrowing portion L which is defin-

20 ed in cross sectien by two intersecting parabolas 212 and
214 and the body diameter D as well as the relationship be-

- tween L and the point of intersection 216 of the two para-

bolas 212 and 214.
' In the exemplary embodiment built and tested
25 by applicants the body diameter D is 150 mm, the outlet
* diameter 4 is 26 mm and the length L of the narrowing

portion is 110 mm. The point of intersection of the para-
‘bolas is 90 mm along L from the outlet. The overall length

- " of the container is 275 mm. ' :

30 The container is made of high strength metal by .

) molding or deep drawing technigues suitable for high pressure
applications and is formed with a smooth inner surface to
reduce friction. '

_ COupled to the outlet end of container 210 is

35 a pressure monitor and release valve assembly 230. Assembly
230 comprises a mounting collar 232 which is sealingly attach~
ed onto the container adjacent the outlet. A pressure
mnnitor mounting assembly 234 is threadably mounted onto



)
t‘l
Nt er

ed in cross section by two intersecting parabolas 212 and 214 and the
diameter D as well as the relationship be- tween L and the point of
section 216 of ‘the two para- bolas 212 and 214. In the exenplary

enbodi nent built and tested 25 by appRicants the body diameter Dis 1591

mm t

on PRLLSE AR Ahdfed AT EREL By, S e 46, DALONCTG,

porti

- along L seconthmoumtisig assemhblyr238 beogehaMEHIuithnMaﬂmEian 275 mm 30
The cant e t dee
t echni qu%égg{ﬁllb?' gblligqf %%éréégggeggggh%%& s an o%rrglagég&h

- snoot h |ﬁdeSC§§Wf3é@1ﬂh#th§ns49¢%tﬂo resdpﬁe@qnﬁaﬁmiéﬁﬂlet end of

“conta&i ner .210 is 35 e \ 230.
Asse?rbl y 230 conpri se?ﬁn’%ﬁ%ﬁi nzﬂ%%%ﬁ{zt%%% \%n |sj'egéea‘]“'33 %@agtbtggch- ed
onto theatbndefise am it $Iewpathe260 Aopr exdingudshing agent from
”Dunt'”gﬁﬁésﬁahhﬁiﬁir'ﬁhﬂéﬂfEﬁ%Eﬁds”EEBhe@hQ”H%tletJéhef§é$aflé33 and
sealed t eont o an Oring 2 second npuntl ng asse 2 :

~ cooper at ¥8ngrahl Noﬁﬂﬁ*%}%nﬁﬁiﬂﬂﬁaﬁ%qnand he. § ig dy neans of

a threadb ed sGpeUrdAidy duenpcERted bathagad ctepeiia @fk?e mountin

r 232 an unt i as les 234 and 238 all "define an exit f?ompath
or %ﬁ?Fﬂg&ggﬁ|ﬁ&Qadﬁﬁf i%gwnthe cont ai ner which extends fromthe -

outlet thereof, in amdaliﬂ lﬁ@@ﬁtﬁh gORis8Rinkliyor234Thes f4 oMt 411 ¢ seal ed
by a rupture disc n_coo ti,ve mounting 10 assenbl i es
234 and 2§§enaépﬁe§ii; %ﬁeiﬁﬁvngg$i 18 | DY e tRhRFNng

filling sbééﬂﬁh.%ﬂé@a mlcam&xmtﬁgbwiehphmmerﬂw P48 sesvHaReR! i ng

i chagpel 2
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25% wﬁi rELaas +t0o a pressure sensor 252. Pressure
sensor 252 may be any suitable pressure sensor having a high
speed responSe. In practice, we use Model P 776-F-3505-T-X
manufactured by WHITMAN—GENERAL and obtain a high speed
response therewith for sensing discharge due to a Venturi
suction effect. Pressure sensor 252 provides an output
signal via an electrical cable 254 which is connected to a
connector plug 256 which is mounted onto a sealed cover member
258 which covers the outlet end of the container.

Pressure gsensor 252 performs a dual function,
indicating the'steady state pressure of the filled contain-
er and thus menitoring its operability, and also providing
an immediate indication of discharge of the container by
sensing the negative pressure produced in channels 246 and
250 by a flow of liquid extinguishing agent through the flow=
path 260 by means of the Venturi suction effect.

A high speed pressure generator, typically a

' detonator 262 is mounted onto mounting assembly 238 and
‘communicates with flowpath 260 only via an inclined channel.
264 formed in aésemblyfzsa and arranged to face rupture dise_

244, Detonator 262 is operated by an electrical signal
transmitted via a cable 266, ccmmunicatlng with connector
256, to produce an immediate burst of pressure which passes_'
through channel 264 and impinges directly on rupture disc
244, csusing'its'rupture and permitting*immediate and substan-



"may be aiiy suitable pressure sensor having a.high speed response. In

pracgkge, we use Model P 776-F-3505-T- X nanuf actured by WH TMAN- GENERAL. an
obt ai M a hi gh speed responsé therewi th forldensing discharge due to .a

Venturi suctdjon B} f@8impeBalSSunase Y w2 préysderszaa Qﬂ%ﬂﬂhu?.%hing. gnal
via an electrical™ cable 254 which s connected to a connector plug 25
whi ch i s no@geRt olR otheseapsaiagFer nenber 258 which covers the outlet end

?L th? cgntainfr. Pressugg ?BP%Obf&?%i?ﬂiﬁﬁf&hﬁuﬁ@ééffﬂﬂ&tgﬁaﬁeh&dmﬁﬁédﬂJ
e steady state pressure o e _filled contain- er .an u
roni tor | ny (O, LR, Branduzes eRRR AT % AT IRRAR: SRFIARLE: P8 of
di schar §e ofside cPnfloweathy2§énandg commurigaites quipswia ar pteastzien
T T T A N
hi gh speed p#sthe cexeingunishingypgent.y $idmentherpféfsusensensed dist 0
nounting. a : ' esg, M fd 260, on (1
"ol ned chariaEsY aifsel BUEIR D b SRRt CCPn8 b el nBudBntes
disc 244. DPRgentatbs 282ordedpar subsdtantdaldyoindhstrycyed! £236wpath once
1T ansmiytat ed Ml . hcating wth connector 256, to produce
g of e AFaRE difc 19TRIBKEE,

an i medi at e passes through channel 264 -and
“inpinges directly on rupfeadablecceyer &H8kils securedtomboaadmpunting ng

[ di at t ty | ' J t ' d-

ext  ngui oh ROTHEE #70 whidh iy, be WeToRU o Qiubze | ISLIRE B8 LAY

present invaentalnexhallsheCprers2sS8 defimasraishortpoeealent2ewhich - 5
i de. of fl ' '

St de. o Q‘@aiﬂ%t?gdaegaﬁfa‘?ﬂ?gﬁkﬁ f?}@gboélﬁlflﬁﬁ”%ﬁuig @2388elthan the

therewith, so as ndot to Interfe ow of the extlnguishing
agent . 1§ nc£Xanwpts8ar 88saREoto; substantially interfere with the flow

therepast. : ' : ! '
It is a particular festure of this embodiment

channel 250 which leads to a pressure sensor 252. Pressure 15 sensor 252 :4:2

the pressure sensor 1s operative to sense discharge of a
- cylinder within 10 msecs. of the discharge thereof and the
20 actuation clrcultry, such as control circuitry 20 operates
'~ an additional cylinder within 30'm3e¢s. folloWing.a failure
to discharge. |
' " Reference is now made to Fig. 5 which shows one
- _embodiment of a deflector which may be used in association,'
25 with the extinguishing material container illustrated ex-~
emplarily in Fig. 4. The deflector may comprise a generally
pyramidal structure 300 formed of a plurality of triangular
. planar portions 302 joined £ogether at thelr respective side
,' "..'edges to define a common apex 304. The dpex is normally
30 a&ranged along a central axis 306 which is oriented parallel
to the axis of the fluid flow along flowpath 260 (Fig. 4).

' The deflector may be symmetric about axis 306 and have a
360° exposure or it may héve only a 150° exposure for example,
depending on the desired application and the direction in

35 which it is desired to deflect the extinguishing agent.

_ The deflector is normally mounted in a desired
orientation onto the extinguishing agent container and is
operative in accordance with a preferred embodiment of the



sialarly-nmounted outside of the flowpath, the extinguishing agent is
rded a substantially unobstructed flowpath once 10, the rupture disc
roken. Seal abl e cover 258 is secured onto a nounting collar 270 which-
be wel ded or otherw se joined to thg.container.210. Cover, 258 deflnes/a
short nozzle 272 mhlch is aligned coaxially with flowpath 260 and i s wi der
than t helnventdomyha idiveel %@9 fiow pd sxtinguishingfagent &R ander ow

therepasigireld id radidh Gileh SeAtHifuel ofifsionbosh BRd wDehPReRS WA tum
sensor is_0 Cﬁhlve to sense dISCh%égf of, a Cy Ilnda{ thin 10 nsecs. of

t he dlscﬂ§r§§ ?Eﬁﬁﬂn %ﬁ sﬁ?ﬂtéénéantrm

ci rcui t r guRl expavtelicts ﬁnaﬂdpédenah.sehhu:@éerthuﬁéum. 30 nsecs. followi ng a
failyre to dlscharge Ref gr'ence now. Pi h_sho ne

enbodi nent of a def| &% fé\?ﬁ’: % n?gﬂ’%’%a%g 4\,{]%'&"55“ #3the
' SXH ngui tiraredeireday. os)naﬂdneémpbﬂ.satsr al @jmmetﬁ@ﬁ%%ﬂg?ﬁa&.gn }ﬁav'Fhe

de ector TRy Com I eneral Ly ram structure or. of a

- pl urallt %I ﬁac‘b‘g% r{n?é ?@ﬁ (ﬁ%vf %fét'ﬁ ?w Rei r
-respectlmrosadsea#ynnICJThéw@efhectunnnfaﬁ&g;ﬂﬁlisTheramgadlaboutnalIy 30

e rrur 8 PRRRA S REK PS8 1R Gt Ve a%%#*‘*ﬁ#%é%@ﬁ{‘%l? H

- aboli0 axp$ £lowpath 26 éF%@rr})eapdsprevmdea aregevansabnodd lpwrr]

exposure _ n e tion and the :
'.d|rectloﬁigkqi?gﬂiﬁ?%#iﬂgé egeglfegin gﬁéﬁ}#gq%£§€xtanU|shlng agent .
The deflector is nornally feunted in a desired orientation onto the
ext i ngui shi ng agent cont ai-ner and is operative in accordance with a
- preferred enbodi ment 6f ‘the ... invention to direct the flow of

' extanU|sh|ng agent |n a de- 5|red direction with a nlnlnun1of friction and
~W th a m ni rum . :

vl

»



of back pressure between the deflector and the container outlet ‘which can N‘(
i'mpede dlscharge thereof. 5- An aILgLnavae—enbﬁﬁTﬁEﬁf—of

deflector is illus- trated in Fig. 6 an qunprlses a \“NE
~confMguration hayv- ing a central cusp an m nor “l\ wed in
cross section.. The deflector of Fig. 6 is arrange een!ral axi s
280 whi ch ggggiﬂglly aligned along the axis 10 of flompath 260 (Flg 4).

and provid versal of flow direction coupled with a radi al
di stribution. CLAI MS: 1. For use in a fire and expl osi on suppression

system conu] si rPoe pber dd ty Nirelesnat explazd F&ugsp&-ebslah YRS Si ONn

Cas her of nGGTH £ 3EREn 8 P L0ime L ThePL: ARGoSTOF S At A oF DHCBRGHENE i n
(as herei n n €Ss n

response t cﬁltppic'iessmgm yﬁmeﬁtsﬂmmtuahmmlaﬂmtf{rebmprasingmter at i ng

in response to e i i S

for operating On@é?ﬁ%ﬁ@ge@@éiggiéﬁ % ggglgnwé 4% Q ﬁ%ﬁfg f%fe dg?1£E@)
second nEarfompeparstédngn asesqompresamoacteﬂ@manjtmn response d=x ect or
within a sgfl%ﬁ_ﬁgt _ef Y Pt @£ 08nt B QM d i of the suppression |

el enent s. C|rCU|try according to im1 and al so
conprising: 15 nﬁéﬁ§ﬁnﬂﬁ%ﬂ$v@9$n3§l§ébdﬁunﬁﬁ394%% her dedesitaran by

- defi ned) f%%p&eﬁaéhna 60&1% PNEie ﬁabdﬁ% &nsgéﬁ"%&-s éférat:.ng
response to detection east one detecto tron circult

accordlnthﬂ%I@?nWQrﬁn@ wﬁ?ﬁaﬁﬂ@@?ﬂsﬁlpﬁte&ﬁﬂ?ﬂtﬁ§iﬁ@¢nal node and sald
second Hgde is a CO”bgbc%%dﬂ%Ebné-o eﬁ@%ﬁ%@‘ﬁhﬁ%é I%éé %BCE@%éﬁ%ﬂdh by

~claim1-6r claim?2 and al so conp r|5|hg neans for sen | ure of
suppr essi orPFRnERRE LB FESEREL AR IW; Hh@-Poﬁ%ﬁﬁ#@u?%@eaﬁﬁﬁp|éﬂﬂ operating

two or more of the suppression elements.

2. Actustion circuitry sccording to claim .1 and also
comprising: '

15 mesns operstive in a second mode (8s hereinbefore defined)
for opersting more than one of said suppression elements in
r65ponse'to detection by at lesst one detector.

3. Actuation circuitry akcording to clsim 2 snd wherein said
., first mode is & normsl mode and said second mode is 3 combat
20 mode.

4, Actustion circuitry eccording to cleim 1-or clsim 2 and
- - also comprising mesns for sen51ng the failure of SuppreSSlon
 elements to operste snd means for operating additionsl
» - suppression elements in response to said sensed failure.

N .25 5. Actustion circuitry sccording to clsim 1 and wherein
geid first meens is operstive in response to detection by
Let lesst two detectors in more than 10 msecs for opersting s
'single suppression element.

© Qe Actuation circuitry sccording to clsim 5 snd wherein ssid
30 second mesns_ is eperatiVe in response to detection by at
least two detectors in less than 10 msecs for opersting two
suppression elements. |



. ression elenents in response to said sensed—farture— 255 Act uat i on
./cirthuitry according to claimi1 and whéi- said erative in
p( onse to detection by at |east two det ectors ”“[Im mm;n“nm&secs f,or\ .
opeyating a single suppression el enent. 6. Actuat iconici Rcus try accor
claim5 and wherein said 30 second neans IS operative in response to
.detecti byag t a e f e a g
t wo supg?e33|on%g€%¥gn dfbg&%EE§oi%dd}dcw?c%?cgﬁ%?ﬁﬁgbggidgka B %g?nll
or clai rBerpdnwgeid PeretherusdreMiiRE Ul e r gPPEagEdCat v ere %pﬁéépé:@d & o

a 5UbsGQ#EBéeQﬁb%%“dﬁbé&%fbﬂ L \ER i%e GOIReS @@CBHESOQ%WﬁHé"bﬁéerlon of a
suppr essi on el enent T ons ve to an earl]er detecti.on. Act uat i on

ci rcui t ryURREBFELAG ¢ BeSRPBAHNR P sBR e RE &?Qﬂﬁﬁ?ﬁ?@%°?ﬂ sai d

conbat node |s operative for operating two suppression elenents i n response .

to detecgion l.east . on c ct.ua on

accﬁrdlﬁa §H%5§QHKF%F§BQ§B§b QﬁQﬁgiﬁ%nE°f8ﬁé§§h?|? ?E?Férgaﬁd61f
suppressm@anslepematxveummaseldnaamhat;MQﬁeoperapem;tmveuEbr|opabatlng '
T eurt e EB R o ol FEPERARTRC 136 o ARRAEY BB aiRotion nfCONTIRRT
respond Q@eadgﬂbséqubnt detection within five seconds of the operation of a ~
suppressi on el enent responsive to an earlier detection. 11. A fire and

expl osi on-suppr essi on system conpri sing a plurality of detectors, a

pl noal i tF- of  AOEMESEATCLreUELY, s2eordiegatouslpdm & rand t9kspoconprising

oper at i nge L he 3‘ acts;%%ﬂfge{:ﬁge%il'ﬁé eéf’oé‘s.f?ub%g@%ts%.%d U O¥ehBCto

detectors sal on CIrCUItI’y peratlve |naf|r t
mode, (a@PRBREENIGEoMeaRS | Hed) omrradbmatangaéﬁwlgm& cEaPPReSF&MBNtS i n

r eSponseg Poment0 19 il Hst Y BRS s¥i A& St AN b RTY NT:

-~ 10. Actustion circuitry according to clsim 3
15 &ctustion circuitry is operstive to respond to s subsequent
detection within five seconds of the operstion of a suppr9951on
-element re5pons1ve to an esrlier detection.

1l. A fire and explosion suppression system comprising s
plurslity of detectors, a plurality of suppression elements,
20 . 8nd adtuation circuitry for opereting'the suppression elements
in response to detection by the detectors, ssid sctuation
circuitry comprising:
means, operative in s first mode, (ss hereinbefore
defined) for opersting s2id suppression elements in response
25 to differing types of detection including: |
' - first means operative in response to detectioﬁ by
more then one detector within s first time spsn for opersting
one or more of the suppression elements; and ' : “
. second means operative in response- to detection by
30 more than one detector within s second time span for operatlng
two or more of the suppression elements.

12. - A system according to clsim 12 snd wherein ssid sctustion

circuitry eslso comprises mesns, operstive in s second mode, (ss

hereinbeforeﬁdefined) for opersting said suppression elements in
35 response to detection by st leést one detector.



el enents; and second neans operative in +edfforse to anﬂunmnumljm mor

t han Yhe detector. within a second time span for. operating two"or Snote of
t he suppressicon el enents. 12. = A systemaccording to claim 12 and wherein

sai d actuatign ci rgu!str?;egégea# S&c&&f‘ﬁ&h%esbd‘?ﬂrbsimOPEr-éth%He%e?er?é‘é)lfﬂ ggef»ality

(as hereinbéfore defi or operating sald suppression el enents S |
response t ofefeseickhons, Hcludes andigstedefector. fop. sensing pukimpuiplet

?pcogdidn? t?a&'ﬁ.éitﬁl\ohla&_fﬂj M@f@bﬂaslaie;%ewﬂ&ﬁltfjézy Qéggﬁhg(?ti%&&-%ffd u,?@aifation_
irs etector for .sensing ultra .et_radiation agnd a_.second detector r
sensi ng i nf?-ﬁﬁaegolg&(ﬁ é”cqq}% aJ'FuﬁrI égﬁ&%zﬁ%&ﬂ‘%ﬁs Aﬂ% ﬁ@lgu%ﬁﬁé (ﬂ‘n{a?%l"?flast
and secoril detetéotre smhdpoddotngg inn resgpomse to sinulttansois déesttion,
a signal operativg tg activatg ﬁaid %ctu tion c(ircu'tr%.. 14. . A system :
according to BFBREF SPAASHES 110:PCHIVAKP WRtRi ACEYP lg?stcéﬁcl%l%%%rati ve
for suppressing an explosion within 100 milliseconds of the existence of a
hi'gh ener gy, A0 i gniti @él&’ L L QLR 200 gy | 1d n A is a

| ow ener gy }%F\'i ti_or‘?. s&ircgcor dign\%égga%ﬁ%i r%tgl élﬁgggcgﬁagig%gg 11 &F%,Qﬁd
circui try/ suberann siaid Ryskewi hbebpecraddsts i hor angprebsdinsitanl ¢xyplosion

ref erence. tQs a YA LNQS. he espeg{sf 4 i has
been r'eprodﬁjc'egir_lb?f hoi %%g?ﬁgﬁ%eggpp%a%ﬁéggﬁc%ngf 't%ygielséé?ia%?fgﬂgylt
may cont¥? nignisiomefnd vithined0femid ligaconde aff bheuleXistencel. of Fhdow

original typgaspkidl LEHPBdAI Ng t hese manuscript anendnents may be inspected
on th_e'premggeg‘%gfﬁaﬁg' I%g?ﬁ]ent Ofice o '

S accéép/;n Eo c/ajm !
15. Actustion circuitry/substantislly ss hereinbefore
- 'described and illustrated by reference to the accompsnying
drawings.

fi_rs't"rreans operative in response to det éct’i'on-by nmore than one detect or
within a first time span for- operating -orie-or nore o L]é
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of ‘the Patent Office



