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BACKGROUND OF THE INVENTION
{0002] Hazard control systems often comprise o smwoke detector, a control
board, and an extinguishing system. When the smoke detector detects simoke,
it sends a signal to the control board. The control board then typically sounds
an alarm and tiggers the extinguishing system in the area momtored by the
smioke detector. Such systems, however, are complex and requue significant
mstallation time and cost.  In addition, such systems may be susceptible to

failure in the event of malfunction or loss of power.



board, and an extinguishing system. When the smoke detector detects smoke, it sends a signal to the

control board. The control board then typically sounds an alarm and triggers the extinguishing system
in the atea MEh#YRPHY ¢he smoke detector. Such systems, however, are FSrIEAHHPEYire
significant installation time and cost. in addition, such systems may be susceptible to failure in the
event of nudfunction or loss of power, SUMMARY OF THE INVENTION IOWAA hazard control
system according to various aspects of the present invention is configured to deliver a control material
in response to detection If a hazard and s@ﬁ%{ ”égéoﬁgéwlﬂgﬂrrd d&dtion system that an vent has
occurred. In o& ﬂ\bodlment the hazard E:optrtpl system rpprlses a pressure t%Jbe havmi% an internal
pressure that figured to ak”'ﬁl?es jonse’ %E‘)t%ip“%ém 15 heat"fie f’e%‘i?%h%nb‘ésl the"ihternal

pressure and generates, g pheymafic, sign éf"‘r O HRNE 5” 0% SoHRIeA 0 li\,p Eér?ﬁ?%ie?eéHQ? gnd be

configured to release the control material from a. container is response to't neumatic S|gnal A.

second valve may also be,couplad;te;the nressyig.tvbe.and he.capfigyced topravids 4,signal to the
secondary hazard detection system in response to the pneumatic signal. BRIEF DESCRIPTION OF

THE DRAWINGS 100041Avmeore complaieungerstanding:arcthepresent inveption maydgderived by
referring to the detailed description and claims when considered in connection with the following

illustrative figures. In thestelldwing figuies likepreferencenumbers refer to simkilar elgmentsand steps

throughout he figures. 100051Figure 1 is a block diagram of a hazard control system according to

MOUS aspects of the prapentintedtion; The leak changes the mternal pressure and generates a
preumatic signal. A valve may be coupled to the pressure tube and he
configured to release the control material from a container is response to the
pneumatic signal. A second valve may also be coupled to the pressure tube and

be configured to provide a signal to the secondary hazard detection system in

response 1o the pneumatic signal.

BRIEF DESCRIPTION OF THE DRAWINGS

{0004 A more complete understanding of the present invention may be
derived by referring to the detailed description and claims when considered in
connection with the {ollowing illustrative figures. In the following figures, like
reference mumbers refer to sinular elements and steps throughout the figures.

{005 Figure 1 18 a block diagram of a hazard control system according 1o
various aspects of the present invention;

§0006] Figure 2 pepresentatively illastrates an embodiment of the hazard

controd systeny;

{0007 Figure 3 1s an exploded view of a harard detection system including a
housing;
{0008] Figure 4 1s a fow diagram of a process for controlling a bazard; and

[



100061Figure 2 representatively illustrates an embodiment of the hazard control system 100071Figure
3 is an exploded view of a hazard detection system including a housing 100081Figure 4 is a flow
diagram of &SYéeE4&dtcontrolling a bazar( and [0009]Figure 5 representBVENPAMSH4EY an
embodiment of the hazard control System and a signaling system according to various aspects of the
present nivention. Elements and steps in the figures are illustratedfortplicity and clarity and have not

necessarily beend accordlng tol rticular . o
FG009] Figure 5 representatively ilustrates an embodiment of the harard

control system and a signaling systemn according to various aspects of the
present fmvention,

{0010 Flementy and steps in the figures are illustrated for simpheity and
clarity and have not necessarily been rendered according to any particelar
sequence.  For example, steps that may be performed concwrently or v a
diffevent order are illustrated in the figures to belp to tmprove anderstanding of

gmbodiments of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

{0011} The present invention may be deseribed in terms of functional block
components and various processing steps.  Such functional blocks may be
rezlized by any number of hardware or softwarg components contigured to
perform the specified functions and achieve the various results. For example,
the present invention may employ various vessels, sensors, detectors, contrel
materials, valves, and the like, which may carry out a variety of fuactions. in
addition, the present mvention may be practiced i conjunction with any
number of hazards, and the system described i3 merely one exemplary
application for the mvention. Further, the present mvention may employ any
number of conventional technigues for delivering control materials, sensing
hazard conditions, controlling valves, and the like.

{0012} Referring now to Figures § and 2, a hazard control system 100 for
controlling a hazard according to vartous aspects of the present invention may
comprise a control material source 101 for providing a control matenial, for
example an extinguishant for extinguishing a fire. The hazard control system

JOO may further comprise a hazard detection systermy 105 for detecting one or
3



sequence. For example, steps that may be performed concurrently or in a different order are illustrated
in the figures to help to improve understanding of embodiments of the present invention. DETAILED
DESCRIPTNVR2OR/ESXHMPLARY EMBODIMENTS [0011]The present inveR&&A/A18Y18d8@&kcribed in
terms of functional block components and various processing steps. Such functional blocks may be
realized by any number of hardware or software components configured to perform the specified
functions and achieve the various results. For ex nple, the present inventionploy various vessels,

sensors, detectors, confofdferitss A8 kn itk Rk 2 iHeH HEA7 “Bally iR A0aTet) 8+functions.

in addition, the present mventl Qn mé y&“‘? prac iced i n ¢ ﬁgun tion number of azards and the system
vel

described is merely one”ee‘%(ém ?y appli &é‘f fre tion. “FURREY th e p‘? sent inv n)t ion may

employ any number of ‘{9%%%{‘%'0{‘1%" xﬁ(ﬂ"% éﬁQQ%"V&{'” GO '@é MAEAIRe SENRY Qaﬁ‘%ard

conditions, controlling valves an the eferring now to igures 1 and 2,a hazard control
system 00 tar controlling.a hazard.aceending to various aspects of the present invention may comprise
a. control material source 101 for providing a control material, tor example an extinguishant for

extinguishing gfire} The hazargheantrghisystennd Q0 maythrther compliseiahazaxd. detestian system

105 Mr detecting one or
controlled by the hazard controd system 100, For exarople, the harard area 106
may comprise the intenor of a cabinet, contamer, unit load device, vehicle,
euclosure, andfor other area.  Alternatively, the hazard area may comprise an
open area that may be affected by the hazard control system 10().

{0014] A control material source 101 may comprise any appropriate sowrce of

control material, such as a storage container for containing a control material.
Referring to Figure 2, the source of control material may comprise a vessel 102
configured to store a control material for controlling a hazard. The control
material may configured to neutralize or combat one or more hazards, such as a
fur extinguishant or acid neutrabizer. The vessel 102 may comprise any
suitable system for storing andfor providing the control material, such as a
tank. pressurized bottle, reservoir, or other container. The vessel 102 may be
configured to withstand various operating conditions including temperature
varfations of up to 300 degrees Fahrenheit, vibwation, and environmental
pressure changes. The vessel 102 may comprise various materials, shapes,
dimensions, and coatings according to any appropriafe criteria, such as

corrosion, cost, deformation, fracture, andior the like.

J’l

{001 51 The vessel 102 and the control material mayv be adapted according the
particular hazard andfor envisonment.  For example, if the hazard control

systemy 104} is contigured to control a hazard area 106 such that the hazard area

106 maintains a low oxygen level, the vessel 102 may be configured to provide
4



WO 2012/054116PCT/US2011/045694 more hazards, such a smoke detector, radiationthermal
sensor, or gas sensor 'The hazard control systen 100 further comprises a delivery system 107 to
deliver the BRtPOIAESHHI%t0 a hazard area 106 in response to the hazard detedtior?r <405,
[0013]The hazard area 106 is an area that may experience a hazard to be controlled by the hazard
control system 100. For example, the hazard area 106 may comprise the interior of a cabinet,
container, unit load device, vehicle, enclosure, and/or other area.. Alternatively, the hazard area may

comprise an open area *tHAt A Al TEEd By e Ui EovitrsI sy e a0t toBH L A Rontrol

material source 101 may comprise any appropriate source of control material, such as a storage
Y Spmprise. any appropriale Airplmaterial puch.as a8

. i 2 AT ared . S A example, si4he bavard control svsiem 15 .
container for containing a con Fo1 Hhdteridl. Re erring {6 Eigtird 2, thé'$buree’ of s contrdl material may

comprise a. vessel 102 corfigured to Sion a%%%P&Q%%”?&EE!Séz{?ﬁ&%@{&%&'}%@gﬁiﬁz%z%{&mm Lgontrol
material may conflgured to neutralize or combat one or more hazards, such as a fire extinguisham or

acid neutralizer. The vesgel; 102 may; gampize@ny:sHitaRIGsy sI8mlRy shering.angdor.providing the

control material, such as a tank, pressurized bottle, reservoir, or other container. The vessel 1.02 may

be configured to withstang varieus.opeiating.conditions ncludingtempeairtuie variations:efup to 300
deuces Fahrenheit, vibration, and envi onmental pressure changes. The vessel 102 may comprise

various materials, shapesnditmensions;sind:coatingsiaccording to any appropriate criteria, such as
corrosion, cost, deformation, fracture, and/or the like. [0015]The vessel 102 and the control material
may be adapté¥ &dcording thel partitutar hastard @i diorenyirsihitent! Fortexamptd rifithesharzard control
the hazard area 106, The delivery system 107 may comprise any approptiate
system for delivering the control material.  In the present embodiment, the
detivery system 107 may inclode a nozzle 108 comected to the vessel 102 and
disposed in or adjacent to the hazard area 106 such that control material exiting
the nozzle 108 15 deposited in the hazard area 106, For example, if a fire s
detected in the bazard area 100, a fire extinguishing agent may be transmitted
trom the vessel 102 through the nozzle 108 to the hazard area 106 to extinguish
the fire.
{0017] The nozzle 108 may be compected directly or indirectly to the vessel
102 to deliver the control materital. For example. the pozzie 108 may be
indivectly connected to the vestel 102 via a deplovment valve 103, which
controls a deployment andior flow rate of the control material through the
nozzle 108, The deployment valve 103 controls whether and, if desired, the
amount or type of control material delivered through the nozzle 108, The
deployment wvalve 103 may comprise any appropriate mechanism  for
selectively providing the control matersal for deployment via the nozzle 108§,
such as a ball cock, a ball valve, a butterfly valve, a check valve, a doubke
check valve, a gate valve, a globe valve, a hydraulic valve, a leaf valve, a non-

return valve, a pilot valve, a piston valve, a plug valve, a pueamatic valve, a

>



system 100 is configured to control a. hazard area 106 such that the hazard area 106 maintains a low
oxygen level, the vessel .102 may be 'onfigured to provide a control material which absorbs or dilutes
oxygen leveYsQeH®aHEmitted into the hazard area 106. As another examPfe/HYHE Hit24Pd control
system 100 is configured to control a hanrd area 100 such that equipment within hazard area 100 is
substantially protected from thermal radiation, the vessel 102 may be configured to provide an
extinguishant which absorbs thermal radiation when transmitted into the hazard area 106, [0016]The

delivery system 107 is ¢Bifiglited t8°deliveF tHe cOhthoInTATBHENR THE R BT ¢ @85 ™106 V THi8 delivery
system 107 may comprise, any a ro ria.te s sii_er_n_tpr dﬁzrli\{erin'%ixth._ef(;o_,n(t}_rorII rpa’geri l. 'r].t(hel present
embodiment;, the delivelﬁg"'sfl‘;é?%}' ‘r‘ha@ helale d HoZ 18 68" OMnektad 16 the Vessel®1098Ad disposed

in or adjacent to the hazu%{gc%ﬁ%i%%‘? }Siﬁﬁ? 593&89&559'&%1ﬁ%%{i%J—z?‘%ffé%&%ﬁ@%ﬁ?z%k%%%@ I3 ggposited in
ire | ¥ i

the hazard area. 106. For example, If a fire Is detected in the hazard area .106, a. fire extinguishing
agent may be transmittqggmmgg{gssel 102 through the nozzle 108 to the hazard area 106 to
extinguish [001.7]The nozzle 108 may be connected directly or indirectly to the vessel. 102 to deliver

the control matgyial. For exampig, ithe maazzie RS mawbe ingireath: conpecieskiathevgsseh 102 via a
deployment valve 103, which controls a deployment and/or flow rate of the control material through the

nozzle 108.. The deploymentavahe 10%:cbntitls ivhethekandoif desired (thenamotinper:type of control
material delivered through the nozzle 108. The deployment valve 103 may comprise any appropriate
mechanism for selectivelyprovitingsthe dontrolomaterialfomdepipymsntviathendozzieatioss such as a
ball cock, a ball valve, a butterfly valve, a cheek valve double check valve, a gate valve, a globe valve,
a hydraulic valve, a leaf9ER@CBIHEN TN Vetbesn pidtvalkve, dpriton VEIVES pligivalvBoR pneumatic
valve, a rotary valve, and/or the like, In the gresent embodiment, the d?p_loyment valve 10 responds to
a signal, for xin a mien T29EGR% HPIRTHE ha bl etEtisA oL 1 B8, A EOHEIISURINAER 01 the
xvia the nozzle 108 accordingly. . N
P58 ssge{mﬁgumd to detect a five and provide a corresponding signal to the
deployment valve 103, The hazard signal may comprise any appropriate signal
for transnutting relevant information. such as an electneal pulse or signal,
acoustic signal, mechanical signal, wireless signal, pneumatic signal, and the
fike. Tn the present embodiment, the hazard signal comprises a pneumnatic
signal generated in response to detection of the hazard condition and provided
to the deployment valve 103, which delivers the extinguishant i response to
the signal. The hazard detection svstem 103 may generate the hazard signal in
any suitable manner, for example in conjunction with conventienal hazard
detectors, such as 3 smoke detector, fusible link, infrared detector, radiation
detector, or other suitable sensor, The hazard detection system 103 dotects one
or more hazards and generates (or terminates) a corresponding signal.
[0019] In the present embodiment, the bazard detection system 105 Inclodes a
pressare wbe 104 configured to generate a signal in response to a change of
wternal pressure in the pressure tube 104, Referrng again to Figure 2, the

hazard detection svstem may further comprise a smoke detector 1H) configured

to release the pressuse in the pressure tube 104 upon detecting smoke within
6



[001$]The hazard detection system 105 generates a hazard signal in response to tt detected hazard.
The hazard detection system 105 may comprise appropriate system for detecting one or more specific
hazards andV§eHEPAtd1a corresponding signal such as system for detectin®(SrtRE! a6 poison,
radiation, and the like. in the present emb -Kinnear., the hazard detection system 105 is configured to
detect a fire and provide a corresponding signal to the deployment valve 1.03. The hazard signal may
comprise any appropriate signal for transmitting relevant information, such as an electrical pulse or , 1
acoustic signal, mecharii€al&igifal? Wirkless'Sighaiphehiatibig Aaicdia tHe ke, bh thepresent
embodiment, the hazar%ﬁi%nﬁl pgme_ris_gs gifi),n?w‘natic Si qal jenerated in{r‘eﬁq‘]glrgsqtq‘, dﬁt,ection of
the hazard condition and provided® f’é)'fﬁteddé‘p 8ym’“e VSR 16 ) WHICh GetErs é’é’k‘ffﬁ%uﬁ%hant in
response to the signal. The 1@%?&@19?3?%9Qr@’%%%&%e%ﬂ'@‘g generate the hazard signal in any
suitable manner, for example in conjunction with conventiona iwafafd. detectors, such as a smoke

detector, fusibje:link infrared dgtactor.tagiation defestat."Ahel suitable sensqr; fhg.hazard detection
system 105 detects one or more hazards and generates (or terminates) a corresponding signal.
[0019] In the present engodimentidhnhazarehdeinctionsystenutabdaciudese.a presswestubpe 104
configured to generate a signal. in response to a change of internal pr - u in the pressure tube 104.
Referring again to Figureitae hegargrdetectiomsystenrmayfutthe comptise: anbmolke idetéetor 110
configured to release the pressure in the pressure tube 104 upon detecting smoke within the hazard
area 106. for example, thessrriokévdétectorh i@ tayibetsuithbliyssdapied 1o wotivaterasvaiven112
connected to the pressure. tube 104 to cause the internal pressure of the pressure tube 104 to
change. 1002011In the 'HrdéentierBddimentatie naRaria eed eiomnsy St 0B beRerEtss the
pneumatic signal by changing pressure in the pressure tube 104, such as by rel_easinq the pressure in
the pressure tube 104. FHEBIEsE BT DRME) Be'PredSarioa it S HigHEK oI 600& Fternal

ng the internal esgure with the

pressure than an. ambienii ressure.in the ha a]rd area 106. Egualli,z'k ‘ 23!
i CTANNOT, SO SXATHRIC DA DLCRSUNZIng 'Md\ Seyyme

. ang gusiaied 1 any s P _é 3 . .
ambient pressure gun tumatic hazar s@na. e Internal pressure may be achieved and stistained in

any suitable miner, for example by tBt%??é&KJ%zi&%Q% S6alng ;Hx“?n%%&'r{ﬁ?‘t HQ&;P@(’Q&%Q%EM tribe to

an independent pressure source such as a compressor or pressure bottle, or connecting the pressure
tube 104 to the vessel 102 havipg.apressiutized fluid andionaasn, Aoy fiddhatmay de;cenfigured to
transmit a change in pressure within the pressure tube 104 may be used. For example, a substantially
incompressible fluid such:asi a watei-hased:fiidmay beigansitiveste. changerin tempaiatute and/or
changes in the internal volume of the pressure tube '104 sufficient to signal coupled. devices in
response to a change in@réssutetcAsianotheciexampleyrasubstantiathe iperk fiwichdudldasayr, nitrogen,
or argon may be sensitive to changes in temperature and/or changes in the internal volume of the
pressure tube 104 suffidienttd. sigpratcoupied debites iy yesponse widechsidgachhe: pressire tube 104
may comprise appropriate materials, including Firetracelm detection tubing, aluminum. aluminum alloy,
cement, ceramic, coppelespet ANy esMposias, sheRCIFoR BIBYATRKet HiEkehatsy, Brinic
materials, polymer, titanium, titanium allgy, rubber, and/or the like. The pressure tube .104 may be
coatings according to dSEFER! JELIGH COHS AT L aE AR au ration o8t oMt istishFilcture,

combinations., and/or the e like. . , ‘ ‘ L
response 1o a change in pressure.  As another example, a substantially ert
fhud such as air, nitrogen, or argon may be sensttive 1o changes in temperature
and/or changes n the internal volume of the pressure tubg 104 sufficient to
signal coupled devices m response 1o a change i pressure, The pressure tabe
104 may comprise appropriate materials, including Firetrace™ detection
tubing, aluminum, alomdsam alloy, cement, ceramic, copper, copper allov,
composites, fron, ron atlov, nickel, mickel alloy, organic materials, polymer,
titaniem, titanium atloy, rubber, and/or the like. The pressare tube 104 may be

configured according to any appropriate shapes, dimensions, materials, and

~y
1



[0021]The pressure changes within the pressuretube 104 may occur based on any cause or condition,
For example. the pressure in the tube may change in response to a release of pressure in the
pressure tuBEOA1H5dkEmple due to actuation of the pressure control valv@ AT 20tdfHaxely.
pressure changes may be caused by changes in the temperature or volume of the fluid in. the
pressure tube 104, for example in response to actuation of the pressure control valve 112 or a [rat
transfer system. in the present embodiment, the pressure tube 104 may be configured to degrade and
leak in response to a h&2AHiEorthitiIN SRS U AR SRIPHFEARET orak B RAiBHWhitmay result
in altering the internal pressure .of the ?ressuritube 104 r sul}inggﬁrom exposure to fire-induced heat.

Upon degradation, the Sr%%gﬂ%tewt‘ﬁﬁgiﬁ%lgsné )"B?‘ie‘gg%jr%‘f( !F‘i’ﬂts}ﬁe'ne‘ntting the pneumatic signal.

0022]in additigr,the hazard d ecgi,onR stem 10,5 may in Ilggq XN - SYRfems nfigured to
bl 1 vmipton et oA SR (N ol i i e e

may be detected by the ligzaId A5(GEHOR SySiem AGRFORRXPRRIR. fhenpiaduss hashangsmoke,

which may be detected by the smoke detector 110, causing the smoke detector 110 to activate
delivery of the control maigsiak to a rdR-QR&EMBRGNRNGLOMEE SYstams may.cortiahithedpressure in

the pressure tube 104, such as via the pressure control valve 112. For example, the pressure control
valve 112 may be configuredido afféct presstrewithinvtite: pressukadishevi0d meresporisadeassignals
from another ent, such as the smoke detector 110. The affected pressure may be achieved by
configuring the valve 1120 iselactivélyychamgestive prewsyra withinithelprassiitéetubed104isubstantially
equalize the pressure within the pressure tube 104 to outside the pressure tube 104, change the
temperature of the fluid WAt HEHISEs B LB RO, EHYSTEHEHREDEO P EREMBIE RS 08HiBke detector
110 may cause the pressure caontrol valve 112 to open upon detecting smoke, thus allowing the
pressure in the pressur§Hibe '£0% toBatHpE Shaglntrate B pRatmatieLigHL. f5024T “fhe
pressure control valve Jhlig&nmb comq?r(‘izsg(%n suirable meggan@ninﬁfﬁ)(r controlling the essyre in the

Y suirbared 1§ deors afn 1 ERIDORSE I g hazi
pressure tube 104, suchas a all’cdck. Hall valve abuftérﬁy vaivea check Vaive. T dolibie theck valve

a gate valve, a globe valyg, ydaplic %%%;ﬁm%.'?@é{%"’%u@o@?ﬁﬁ@&%{&}{a\l\ﬁﬁ o2 QIO ValYe,a. piston

valve, a plug valve a pneumatic valve, a'rota- valve and/or the like. In one embodiment, the pressure

control valve 112 may comp,1 1JOR2-al 8lgclromechapicalsystiam.caupled faaninderendant power

source, such as a battery mple, the pressure control valve 112 may comprise a solenoid configured to
operate at between about i:2-afid24 velts. (e pressure.aobirqlvalve Ll ma yde gopfigured to

achieve various changes in pressure within the pressure tube 104 by varying the choice of materials,

dimensions, power constumptien;andder ghaslikeic signkhe pressure control valve 112 may be controlled

by any suitable systems to change the pressure in the pressure tube 104 m response to a trigger
event. For exdfi%eld, the hazartk detdstion bystemriosemairbesconfiglivéduoydetdstivariotisiazardous
conditions that may constitute trigger events. In the present embodiment, the smoke detector 110 may
detect conditions assoctt&dnwitA s Hesiveke etaetst wrothay e iktaded gisdiispiémented
with detectors or miter hazards, such as sensors sensitive to icidence with selected substances,
radiation levels and/or fPERISACIEECPTeleiiasC KBt PrRLEUPEY (miperafirdy BRsiEfibperties of

a coupled sacrificial e'eiﬁ?e%dgls%%{é%}“i(&. For example, fires produce heat and smoke, which may
be detected by the smoke detector 110, causing the smoke detector 110 to
activate delivery of the control material.

{0023] fn one embodiment, other svstems may control the pressure in the
pressure tube 104, such as via the pressure control valve 112, For example, the
pressare control valve 112 may be configured to affect pressure within the
pressuve tube 104 10 response to signals from another element, sueh as the

smoke detector 110, The affected pressure may be aclueved by configuring the

vabve 112 to selectively change the pressure within the pressure tube {04,
3



The smoke detector 1.1.0 may comprise a conventional system for fire detection, such as an ionization
detector, a massspectrometer, an optical detector, and/or the like. The smoke detector 110 may also
be suitably 3gtée43#Operate solely from ba -ery power. In an alternative RoBHREA/MEMmoke dere
or 110 may be adapted to operate without electrical power. 1.002611The smoke detector 110,
pressure Who 104, and/or other elements of the hazard detection system 105 may be co.nfigured for
any variety of tire or other hazard. conditions. For example, the hazard detection system 105 may
monitor for a. single haZ4ratEBREY tH R e preseraEe i irtgR, the pradsdretdsd toa
functions as the only detection s ste]- 1S Iﬁr the tEazard conditi(?,n Al}ﬁ}rigativell}/k the hazard may be

associated with muItipIepﬁ:a%z%{’?di ‘Conditions "§G¢ }eatgl?féeé?igﬁed‘)értr{?SRe;' m‘”’“'tlblllcﬁhce L& leht detectors

may monitor different cqpgltigns, nhiggonfiguralian, G eressue ibs 44 and smale getector 11.0
provide hazard control based on'a mu tiple possible hazard conditions. In additior, the pressure tube

1.04 and smoke detectoy, L1Q.may.pg canfiopred o provids hazasd,detgskionsin raspanseto partially
coextensive hazard conditions.. In this configuration, the pressure tube 104 and smoke detector 110
would provide substantigysindeperdenidetegionsystemsdansemedazasd canditions,and hazard
control based on a variety of input hazard conditions for other hazard conditions. Given the multiplicity
of combinatiorfgiakiire conditidns, thesaexamples:ae il stmittvepaihernthanexbausieif0027] The
smoke detector 110 and the pressure control valve 112 may be configured in any suitable manner to
facilitate communicatioricanefgrodes dynentsuForekampiein whe BrhbodimenthtHesmokeadletector 110
may include a wireless transmitter and the pressure control valve 112 may include a wireless receiver
to receive wireless contféli'SighIsiHidin TR smoekedetdttor e ivRiskasifateLremstepsacemem of
the smoke detector 110 relative the pressure control valve 112. AIternativeI?/,_the smoke detector 110,
pressure COntrOl valve* 1 ‘dhdrdt Bifterbiferhitd She bazhr SRS oATE) et Ay betconnected
by hardwire connections. infrared si%qals. z?ppustic s%%nalsilﬁnd the like, OOZS%Ref%[rm%tunigure 3,

DISTOR valve, apige Valve, 8 phey I Vaive, d fodaly valve, and’or the L T
the smoke detector 110"an pressu Controf valve may be a 1¥3st partlé‘l y disposed within a

nousing 400 to form 2 sipglediibutgRosing, 400 ey conigured f9 Tagilials instaliatign and
t

power supply to the smoke detector 110 and the pressure control valve 112. For example. the housing

400 may include an areg for housing.the Smeke.JBeriarA 10s s A8 f-canveRtionalhqusing, having

slot- or other exposure permitting the smoke detector 110 to sense the ambient atmosphere. The
housing 400 may furthegdnglide anarepiforihgrprassuracontialvalvedd owhich mayheaconnected

to the smoke detector 110 to receive signals from the smoke detector 110. [0029]The housing 400
may further be configureshta:sulistantiaklye ar between about 12 and 24 volis. The pressure control
valve 112 may be configured to achieve various changes in pressure within the
pressure tube 104 by varying the choice of materials, dimensions, power
consumption, andfor the fike.

{0025] The pressure control valve 112 may be controfled by any suitable
systems to change the pressure in the pressure tube 104 in response to a trigger
event. For example, the hazard detection system 105 may be configured to
detect various hazardous conditions that may constitute trigger events, la the
present embodiment, the smoke detector 110 may detect conditions associated
with fires. The smoke detector 110 may be replaced or supplemented with
detectors of other hazards, such as sensors sensitive o incidence with selected
substances, radiation levels andfor frequencies, pressures, acoustic pressures,

temperatares, teasike properties of a coupled sacriticial element, andior the like,
g



accommodate a portion of the pressure tube 104 to facilitate control of the pressure in the pressure
tube 104 by the pressure control valve 112.. For example, the housing 400 may include one or more
apertures thfugHHKitH the end of the pressure tube 104 may be connectdf-THRY pre4itire control
valve 112. The housing 400 may comprise various materials including aluminum, aluminum alloy,
cement, ceramiccopper, copper alloy, composites, iron iron alloy, nickel, nickel alloy, organic
materials, polymer, t num titanium alloy, and/or the like. The housing 400 may comprise various
shapes, dimensions, antPESatGS HecErdiHyTBXAHBUS HaSYH ot Eeration L8t S&ebifbsion,
deldunation, fractthe like, The housin,{g 400dm_a be configured to WO ol detector. andiar
2012/054116PCT/US201 11045694 iKa il siHisdive Bropeities With 88 S8EEANEISRP EHdifions and
these properties may be,gcfieved v induding ventp, fales: 55, PEIME MAMRIENES, seRl-perm abl
met brows, sele ifPmembranes, and/or the like within at least a portion of the Housing 400 Further, the

housing 400 may be disagsembled.ipio ’f%{l@?'eI§%tiﬂ%xﬁgg@é%ﬁgdfﬁ%lﬂ?‘tﬁ‘aiQ%@H%@é@ﬁho

laintenance. [0030]in addition,housing 400 may be configured to provide power to the elements of the

system, such as the smoke:ggtestal:}id anchthg-prassureicantglnalve 112. The power urce maw
comprise any appropriate forms and source of power for the arious elements. For example. the power

source may inglittg a main powershadkufipowerisopreauin ohe iéhbadimeriisthrimaia qainer source
comprises a connection for receiving power from a conventional distribution outlet The backup power
source is. configured tolprovide powersirrthe BVertpfa failtreref the maimpowet Sourcetiand may
comprise any suitable source of power,such as one or more capacinirs, batteries, uninterruptible
power supplies, generatorar&eafesins; dind/orinRsikes e présent shtbsrithenttHasEekup power
source includes two batteries 402, 404 disposed within the housing 400. The first battery 402 provides
backup power to the smBka B84 64 e det dhaB S A0a FrovidR e tkep BWer to the
pressure control valve JﬁLLZ in one e bq ‘i{qegéﬁgllg pressure cc PtJSI valve 112f§q¥ir S alt&igher

. $1 2ICUIS THDE . 31 3 10§ SVAISING £ N3z
power, more expensive, And/or fess rélia e‘battery than the smoke detedtor | hus, the valve

battery 404 may fail withgut.disabling the. backyn power the smoke. detector supplied by the fire
detector battery 402. (Ob%%‘e%gﬁi néq%g}gﬁd tg‘ﬁfigﬁ r%gﬁy‘téeﬁlqw%zsgcf c%ﬁﬁgl(it%tt%inglfrg@ m@?ﬁgg

conditions, such as heat and smoke, in which case different detectors may
monitor different conditions. In this configuration, the pressure tube 104 and
smoke detector 110 provide hazard control based on a multiple possible hazard
conditions. In addition, the pressure tube 104 and smoke detector 110 may be
configured to provide hazard detection in response to partially coextensive
hazard conditions.  In thiz configuration, the pressure tube 104 and smoke
detector 110 would provide substantially independent detection systems for
some hazard conditions and hazard control based on a variety of wnput hazard
conditions for other hazard conditions. Given the multiplicity of combinations
of fire conditions, these examples are itlustrative rather than exhaustive,

j0027] The smoke detector 110 and the pressure conirol valve 112 may be
configured i any sudtable manper to facibitate communication andfor
deplovment.  For example, in one embodiment, the smoke detector 110 may
melude a wireless transmitter and the pressare control valve 112 may inclode a

wireless receiver to regeive wireless control signals from the smoke detector
10



thriller configured to operate autonomously or in con junction with external systems; for example a fire
system control unit 109 for building, vehicle, cargo holding area, or the like in which the hazard area
106 be, disp¥eed\within1For example, the hazard control system 100 and tRE HE2A1 649106 | ay
both be disposed within a larger enclosed area 504 such as a warehouse, storage area, cargo holding
area. wherein the fire system control u .109 comprises at least part of a system designed In detect
and/or suppress a fire condition within the enclosed area 504. The operation external systems may be
configured in any suitablédmSARBr I BIGrHIE tolikitrte as siRh e Tt of e Bpbtate R bE e hazard
control system 100, autgmaticall r]otié‘y]emqrgﬁqcyA e,ryirc%e_s_,l gnfj/qr th]g li ?_,.“EOQ%éRefe[ring now to
Figure 5, the hazard coﬁ%?é]‘%if‘s‘%é?rﬁof 0 ﬁﬂ‘lailefurfher -é%%—%‘@ ’a‘%ﬁé‘dlé’rlﬁ Systém O’H%’(‘\)Wﬁgured to be
responsive to the pneumatic signal generated . he. prezsire. 194 following, 8, loss.of glyr%g%we- The
triggering system. 500 may be aaapted In any suitable manner to activate, signal, notity,”Or otherwise
comnunicate with the fire, systemisontral.toit 102 sueh asrematehuelecticrlly.and/grmechanically.
The triggering system 500 may also be adapted to provide a signal suitable to the method of operation
of the fire system contrgjanit 109. For example, in one embodiment the triggering system 500 may
cornprkse a trigger valve 503 coupled between a second pressure vessel 502 containing a signal
material and th@psessure tub& dQditkiestiigaet alve: 503 may:betconfigued focactivatenimiesponse to
a change in pressure on the pressure tube 104 side of the valve causing the signal material to be
released. The fire systericortidlunit k0 neay sensélthéxelasseitfithe isigriak Meerialcandirespond
actordingly, such as by activating an audible alarm, sending a signal to a monitored control panel,
communicating with em&rg&neiseiieds inactifating hesertivdEy firdslippressiesysteif.
[0033]The signal material may comprise any suitable substance, suchasan  aerosol, colored
particles, smoke, and/oPaHiFé SHBBréadant RgEhRA S ah BIRNIn SnB BRSO ARMERE e fial may
comprise compressed r‘ti.ﬂgoggn C{gntff\ d Withig&']]e;  pressyr vessel 5(%. nder a re-detEtrjmined

ing
. g L1 10 ORI JOIRCiuge an ared OURLIE THE Simo
pressure such that it forms a di |pa}|r‘ig clloud?upon release ifi Ancther embodinen " the signal

material may comprise 4paNSaTRR eI a1 NeAELAN ALAAIRIAL laierdhalfoma,agioud upon

release but ub-equently alls out of suspension in the air. [0 34[in another embodiment, the tnggennr'
systm 500 may comprisg acomminicatien dnigrface sapnecied i aipmpte,canirelunitig signal the

fire system control unit 109 in response to a. detected fire condition. For example, the triggering

system 500 may be suitahlyadapieddo gemneraieiakagiofeauensy sigRaldnsasponge o the
pneumatic signal to communicate to the fire system control unit 109 that a fire has been detected 'The
hazard control system @@dnayalsodoercorfigundd imsksgondito signalsfrom thedargsystem control
unit 109, for example to provide stams indicators for the hazard control system 100 and/or remotely
activate the hazard conttobkydtetmta00 0.

j0029] The housing 400 may further be configured to  substantiaily
accomunodate a portion of the pressure tube 104 to facilitate control of the
pressure i the pressure tube 104 by the pressure control valve 112, For
example, the housing 400 may include one or more apertures through which
the end of the pressure tube 104 may be connected to the pressure control valve
112, The housing 400 may comprise various materials icluding aluminum,
aluminum alioy, cement, ceramic, copper, copper alloy, composites, fron, won
alloy, nickel, nickel alloy, organic materials, polymer, titawium, tanium alloy,
andfor the like. The housing 400 may comprise various shapes, dimensions,
and coatings according to various design considerations such as cosrosion, cost,

deformation, fracture, andfor the like. The housing 400 may be configured to
11



[0035]The hazard control system 100 may further comprise additional elements tbr controlling and
activating the hazard control system. For example, the hazard control system may include a manual
system for MEheAKPE Yating the hazard control system. Referring again t8EGHOD/0i#58he
embodiment., the hazard control system 100 includes a manual valve 202 configured for manually
activating the hazard control system 100. For example, the manual valve 202 may be coupled to the
pressure tube 104 such that the manual valve 202 may release the internal pressure of the pressure
tube 104. The mammal Y&l 209y BEBHItetith &y ShitdoieTiftler o8t &S Manlia
manipulation of the valve or in con'unc{ion ith a|i1 ?ctuat r,.such as mE}t)?r or lihe like. [003The manual

valve 202 may be locat&& 1 & S/ stiitable, 16¢4tioh, Slc ”tégdgﬁﬁ)s'%‘ﬁtﬁal StitstiE of tReE ﬁglzigrd area

106 or within the hazardaiaa 9. Tha manulvalys, 20 .may.be caupled ta e veasgl g2, pressure

tube 104, pressure control valve 11 or the like. For example, t anual valve "?Flay be
configured for operation,yithy the vassel;dQ2 sughdhataciuation.f themanugl vaig g2 girects
extinguishard to the nozzle 108. The manual valve 20& may be configured for operation with the

pressure tube 104 suchithatactaation, of thexmanual yalve 20%iFRUSESALChHanNge iIlpEessure within the
pressure tube 104 sufficient to direct ex ham to the nozzle 108. The manual valve 202 may further be

configured for operation:witti:the: preSsureicantrelevalve 112 such that actuation of the manual valve
202 causes actuation of the pressure control valve 112, causing a change in pressure within the
pressure tube{#0#]sufficient téndiidsiiextinouishanti® theyozate 108 {0087 v Thehazdrdisontrol
system .100 may further comprise systems for providing additional responses in the event of a hazard
being detected such thatthsHazareheontissyatenat 0dsmayeiitidre fmrhdfréspohsed dmEddition to
delivering the extinguish= in the event that a hazard is detected.. The hazard control system 100 may
be configured to prompt &HPApPISprate FESPORER: Slich &Y ARG e rGerEy perdsiniérSealing off
an area from unauthorized /E)ke(raonnql, grrpinatin or initiatinngentiIati?n of an area, deactivating
or

. QU wer o7 e varons elenents. Farexamnle, the power SOuUTce my .
hazardous machinery, an EYike. For exampfe,‘“{ EHazard contrdlsystem 100" May comprise a

supplementary pressure, syiich %%ash&hs&E&RL%@&?5@&&(@;&%@&@3&,@. 30z may.facilitats

transmitting information relating to changes in pressure Innthe pressure tube 104 to external systems,

such as by generating an elagirisalsignalmeshanical signal.ans/arotbersuitahie signahin response

to a pressure change within the coupled pressure tube 104. [0038] In one embed nen the
supplementary pressure switeh302imay-hecoyplad toppnashuteninthevieinity ohthehazard area.

106 to cut pc ier or fuel supply to the machinery in the event that the supplementary pressure switch
302 produces a signal ipdicatingradranatid: kondition:agitletecteti:bythegazardcantroldystem 1.00.
comprise any suitable source of power, such as ome or more capacitors,
batteries, wunterruptible power supplies, generators, solar cells, andfor the like.
In the present embodiment, the backup power sowrce mcludes two batteries
402, 404 disposed within the houting 400. The first battery 402 providex
backup power 1o the smoke detector 110 and the second battery 404 provides
backup power to the pressure control valve 112, In one embodiment, the
pressure control valve 112 requires a higher power, more expensive, and/or kess
rehiable battery than the smoke detector 110, Thus, the valve battery 404 may
fail without disabling the backup power for the smoke detector 110 supplied by
the firg detector battery 402,
{0031} Referring agam to Figure 1, the hazard control system [0 may be

further configured to operate autonomousiy or i conjunction with external
12



[0039]In other embodiments, the hazard control system 100 may be configured with multiple vessels
102, pressure tubes 104, nozzles 108, pressure control valves 112, hazard detectors 110, manual
valves 202, WRAM2Elipplémentary pressure switches 302. For example, thePkdZavePEbptroPsy. may be
configured to include multiple vessels 102 coupled to a single nozzle 108 and hazard detector 110,
such as if controlling the hazard area 106 includes drawing multiple types of extinguishant which
cannot be stored together, or if the xfinguishing anticipated hazards may require different eN
tinguishants to be appliéd-Si'HifferetaitRks? ASaRbIRBY BXEINDIE tHEhiPardbedhirs! sy&iekh 100 may
be configured to include,__rqpr? t]hian_ one pressure tube;I 1( Afﬁc_,oqulle toa jp%[e .pzzjg 108 and hazard
detector 110. Mr exampﬁé“t’(()’ 6?6\?}%%‘"%‘{]Iﬁ‘pi’emp%\it%glf% YGEIR rllnﬁ"%éﬁé%inéufsﬁgﬁﬁe 18 dFaw different
extimmishants in response to di Threut fire conditions, Givep.the multiplicity otcambmahons of
elements, these exam p@f 5‘?3%\?&5’&%%%3& ré%h{’é)g % (gFi’?é;( igl?g%\fgd%ﬁjbpr&e%r%hgﬂt%‘Ig'ii' Z‘%gﬁél in
operation, the hazard cgptyglsxstemh00.is jnitiallysanfiayredssuchhat thehazard.detegtion system
105 may sense relevant indicators of hazard conditions (410). For example, the pressure tube 104
may be exposed to the intgriar@f RoEROM:QE Other-analosutesathabintheavent obafitesthe pressure
tube 1.04 is exposed to heat from the tire. Likewise, relevant sensors, such as the smoke detector 1
IO, may be positioned té:sense rélevantphengnrana sheuleha hagaidecauir:Thadetiveryisystem 107
is also suitably configured to deliver a control material to areas where a hazard may occur (412) such
as within the enclosure &{004#iiwherea hgzard becrsathe hazardidetactioh systern 0S8 fmay detect
the hazard. and activate the hazard control system 100. For example, the heat of a tire may degrade
the pressure tube 104 (434)ewatdinghatiftatisieprasdtre vrehE sréddishe 1Bk In4 18! ¥eleased,
thus generating a pneumatic signal (420). To addition,a. sensor, such as a smoke detector,may' sense
smoke or another relevARERASAAS iftfidSEF {4 V) Anattivite W DT SJ%ERT00 to open
the pressure control valve 112, lik ,Wi%% ﬁq\!_gasing the pressure in the pressure tube 104 and.

generating pneumatic s?’éﬁ‘gﬁ.&flfﬂ)r H}é’r;'t‘hé’signal may be generated by other system.s, such as an

external SyStemﬁ%]the manuak\éﬁl}ﬁ}é%%’v@éo%igum 5, the hazard control system 100 may further

comprise g triggering system 500 configured to be regponsive to the paeumatic
signal generated by the pressure tube 104 following a loss of pressure. The
triggering system 500 nay be adapted in any suitable manner to activate,
signal, notity, or otherwise comnuicate with the fire system control unit 109,
such as remotely, electrically, andfor mechanically. The triggenng system 500
may alse be adapted to provide a signal suitable to the method of opsration of
the fire system contrel unit 109, For example, i one embodiment the
triggering systemn 300 may conprise a trigger valve 503 coupled between a
second pressure vessel 302 containing a signal material and the pressure tube
104, The trigger valve 503 may be configured to activate in response to a
change in pressure on the pressure tube 104 side of the valve causing the signal
material 1o be released. The fire system control anit 109 may sense the release
of the signal material and respond accordingly, sach a3 by activating an audibke
alarmy, sending a signal to a monitored control panel, communicating with

SIMRLZENCY Services, or activating a secondary five supprassant system,
13



The signal is received by the deployment valvethe trigger valve 503, which open (422) in response to
the signal to deliver the control material and the signal material, The control material is dispensed
through the WEIRAEA/SYEem into the hazard area 506 (424), thus tending toReHYSPthEMELArd. The
signal material may transmitted to other systems such as tire system control unit 109 (426) and/or the
supplementary pressure switch 302 (428). [0043]Th.ese and other embodiments for methods of
controlling a. hazard may incorporate concepts, embodiments, and configurations, as described with
respect to embStithents of apparatiStorEbRTOIMEY SHAFAFIAY detdhbet alsve. *he PaMicular
implementations shown, an_dﬂdg—:'srcr_ibeg arg il sgrat[yg of ‘tk\ie inv .nti(_)r% and its_pe_sttmgde %nql are not
intended to otherwise hiiit the 8258 0f the praSERt InvERtoR I Ary Way NG, Yor the S

ake of
brevity, conventional 'm-'QHl‘}ﬂ%‘ﬂ rfﬁ‘%ng%ﬂ{%%ﬁﬂ%‘nL"’EEP%;@%?'E&Q%?EK‘» i f&‘(ﬂﬁ

ional senax.ngt be
: . . TS CORIPIESSE
described in detail. Further iore, the connecting lines shown in the vanous . {vnres are intended to

represent exemplary funelional ielatiaRshipmandler plxsical.auplings hetieen thg.yarigh elements

Many alternative or additional functional relationships or physical connections may be present practical

system. The inventigashas heen gescribedwith Jefarence spegifigaxemplary ambagiments.
Various modifications and chances., however, may be made without departing from the scope of the

present invention. The descriptiomn,and figusésvareito beyegarged: in anvillusttafive: mahaergrather than
a restrictive one and all such modifications are intended to be included within the scope of the present
invention. Accordingly, theisoope:of tirecinventichasHould e thete mminedtibystharyerferdguembodiments
described and their legal. equivalents rather than by merely the specific examples described above.
For example, the steps Fetitat i aripehiéthdd b Pfocess embodiment may be executed in any order,
unless otherwise expressly specified, and are not limited to the explicit order presented. in the specific

examples. Addifiohally, the colpBiEHits ARUtOPERm B HeEHUY RSP apPharkiis SMBdtirent may be

assembled or othenvise operationally.configured in a ariet¥ of permutaltions to prod]u%e §ubstantially
<O ’H’IEUPICHMUI ANIerTR d? conecte] é(‘t g FEmg %@ LCONIET %m]f [0y 31T e !n’f. .
the same result as the present Invention and are accordingly notlimited, to the Specific configuration

recited in the specific examples; ... BENEHS, %Qg&@?%ﬁ@t&g% andsolutions, taproblems have been
described above with regrud to particular nibodiments; however, any benefit, advantage, solution to
problems or any elemeng fhat may caUSe ANKRATBEVIAL: suitably adapted to generate a radio

frequency signal in response to the prewmatic signal to communicate to the fire

system control unit 109 that a fire has been detected.  The hazard control

svstem 100 may also be configured to regpond fo signals from the fire system

contred unit 109, tor example to provide status indicators for the hazard control

system 100 andfor remotely activate the hazard control system 100,

{003 5] The hazard control systemy 100 may further comprise additional
elements for controlling and activating the hazard control svstem.  For
example, the hazard control system may include a manual system for manually
activating the hazard control svstem. Referring again to Figure 2, i one
embodiment, the hazard control svstem 100 includes a manual valve 202
configured for wmanually activating the hazard conirol systems 160, For
example, the manual valve 202 may be coupled to the pressure tube 104 such
that the manaal valve 202 may release the internal pressure of the pressure tube

104, The wanuat valve 202 mayv be operated in any suitable mannes, such as
14



benefit, advantage or solution to occur or to become more pronounced are not to be construed as
critical, required Of essential features or components. [004As used herein, the tencomp ises ,m isiion
reof, are int¥HA@U EPPétdtence a non-exclusive inclusion, such that a proce8§TEEMOHIBYtRde,
composition or apparatus that colist of [0047] elements does not. include only those elements met d,
but n ay also include other elements not expressHy fisted Of inherent to such process, method, article,
composition or apparatus. Other combinations and/or modifications of the above-described structures,
merits, applications, propBHvHSSIRHERTs O hilteffdls 6F SORPBIREHES VEEHTR tHRPFACHED 6F the
present invention, in addition to ¥h se not specifically recited, may be vaned or otherwise particularly

adapted to specific envitShmeh ) manufacturing specifications, design parameters or other operating

requirements z&tg" t departing,from (he geNeral-PINCIRles AL IS SAME: ble 1odiSPIGRETE iNvention
has been deséribed above with reference to a preferr‘ed. embodiment. However changes aid

modifications 1mw be made io.ihepreirrrsdempadiment withoyldenacing frem hepscopg of the
present invention. These and other changes or modifications are intended to be included within the
scope of the present invgntion, @s.expressed etheuplas. to the vessel 102, pressure tabe 104,
pressure control valve 112, andfor the like. For example, the mwanual valve 202
may be configured for operation with the vessel 102 such that actuation of the
manual vabve 202 directs extinguishant to the nozzle 108, The manual valve
202 may be configured for operation with the pressure tube 104 sach that
actuation of the manuval valve 202 causes a change v pressure within the
pressure tube 104 sufficient to direct extinguishant to the nozzle 108, The
manual valve 202 may funther be configured for operation with the pressure
control valve 112 such that actuation of the manual valve 202 causes actuation
of the pressure control valve 112, causing a change in pressure within the
pressure tube 104 sufficient to diveet extinguishant to the nozzie 108,

0037] The hazard control system 100 may further comprise systems for
providing additional responses in the gvent of @ hazard being detected such that
the hazard control system 100 may mitiate further responses in addition to
defivering the extinguishant in the event that 3 hazard is detected. The hazard
control system 100 may be contigured to prompt apy appropriate response,
such as alerting emergency personnel, sealing off an area from unauthorized
personnel, terminating or initiating venttlation of an area, deactivating
hazardous machinery, andfor the like. For example, the hazard control system
100 may comprise a supplementary pressureg switch 302, The supplementary
pressare switch 302 may facilitate transmitting information relating to changes

i pressure within the pressure tube 104 to extermal systems, such as by
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[0048] Also disclosed is a fire protection and signaling system for a transportable unit having an
enclosed area, comprising: a pressure tube disposed within the enclosed area of the transportable unit
and adapted® HA¥@3th!internal pressure, wherein at least a portion of the BfeS838 UM t84configured
to leak in response to exposure to heat and 5generate a pneumatic signal; a pressure vessel disposed
within the enclosed area of the transportable unit and connected to the pressure tube, wherein the
pressure vessel is configured to contain a fire suppressant; a deployment valve coupled between the
pressure tube and the preSSEBS A SE Fidrdin the el e htlapte g6 ve s8ive YHE Dretiiltic signal
and release the fire suppressant uporn recei t_g_f the neu atic 1?siig)]r_1qlg a trig\g(?p‘ng system disposed
within the enclosed area ot ?P]‘én’?ﬁairfs‘lp%ﬁ\a”ﬁ’l  URRENG EEhhe e o i5‘\’|3?“eﬁsts re’ lfbe, wherein: the

triggering Sysff(}k;kﬁ CO”ﬂguregnt%&e@Sﬁ%&%&ﬂ?gﬁé %i% LWRIERPORSE.IQ 18 pRewnalic signal; and

the trigger signal is transmitted to an area outside of the enclosed area of the fransportable unit.
15[0049] The fire protectign:and, $iARANRG SysteMdmay UTther LomRrse adeliven,systgm,connected

to the deployment valve, wherein the delivery system is configured to deliver the fire suppressant to
the enclosed area. [005Q:Qptionalyxtheidelveryisysiem gempeisesyaiasa coupledtadthen

deployment 20valve and configured to route the fire suppressant from the pressure vessel to a
302 produces a signal indicating a bazard condition as detected by the hazard
controd system 100

§6039] Iy other embodiments, the bhazard control system 100 may he
configured with maltiple vessels 102, pressure tubes 104, nozzles 108, pressure
control valves 112, hazard detectors 110, manuval valves 202, andior
supplementary pressure switches 302, For example, the hazard controf system
may be configured to include multiple vessels 102 coupled to a single nozzle
108 and hazard detector 110, such as if controlling the hazard area 100 includes
drawing multiple types of extinguishant which cannot he stored together, or if
the extinguishing anticipated hazards may require different extinguishants to be
applied at different nmes. As another example, the hazard control system 100
may be configured to inchide more than one pressure tube 104 coupled to a
single nozzle 108 and hazard detector 110, for example to provide multiple
paths for delivering the extinguishant, or to draw different extinguishants in
response to different fire conditions. Given the multiplicity of combinations of
elements, these examples are ilhustrative rather than exhaustive,

{0040 Referring to Figure 4, in operation, the hazard control svstem 100 is
mmitially coafigured such that the hawzard detection gystems 105 may sense
relevant ndicators of hazard conditions (416}, For example, the pressurs tube
104 may be exposed o the interior of a roon or other enclosure so that in the

event of a fire, the pressare tube 104 15 sxposed to heat from the fire.
16



predetermined location within the enclosed area; and a nozzle coupled to the hose and adapted to
eject the fire suppressant from the hose into the enclosed area. [0051] Optionally, the trigger signal
comprises kARG Haterial ejected out from 25the enclosed area. In thi$€A8S24H& ¥idJéring
system may comprise: a second pressure vessel disposed within the enclosed area of the
transportable unit and connected to the pressure tube, wherein the pressure vessel is configured to
contain the signaling material; a trigger valve coupled between the pressure tube and the second
pressure vessel, wherein th& iigér vaivE R Suapte d S msivhaifF td hidharprasdirdiiide 30the
pressure tube until the p_neumati([esi is receiveld;& gressugze the §?c%ntégfpressure vngésel in

¢ Sana COIVes, SsSurize the Sec oressur.
response to the pneumé“fiéeé‘i"dzr{ ;'E%‘é | Fé‘\)\’/“t‘ﬁ"é“'s‘\ié(na nghﬁ‘fﬁ? far{o esta r’%%%”ét%‘re ure vessel.

[005:2] The fire protectian gncl signaling, system, e riner SAMRURS: ARIEssUS AN Tol ygive
connected to the pressure fube, wherein the pressure control valve is configured to: seal an end of the

pressure tube opposite fhe. depleymentvalve selgstivelunsgal end of the pressure tube in response
to a detection signal and 5change the internal pressure of the pressure tube to generate the pneumatic

signal; and  {041) When a hazard occars, the hazard detection system 103 may detect the
hazard and activate the hazard control system 100, For example, the heat of a
fire may degrade the pressure tube 104 (414}, causing the interior pressure of
the pressare tube 104 to be released, thus generating a puewnatic signal (420).
In addition, a sensor, such as a smoke detector, moay sense smoke or another
refevant hazard indicator (416) and activate the hazard control system 100 to
open the pressure control valve 112, likewise releasing the pressure in the
pressure tube 104 and generating the pneumatic signal. Further, the signal may
be generated by other systoms, such as an external system or the manual valve
202 {(418).

{00421 The signal ix received by the deployment valve 103 and the trigger
valve 503, which open (422) in response to the signal to deliver the control
material and the signal material, The control material 15 dispensed through the
delivery system imnto the hazard area 306 (424), thus tending to control the
hazard. The signal material may transmitted to other systerns, such as fue

system control unit 109 {(426) andfor the supplementary pressure switch 302

{0043] These and other embodiments for methods of controlling a hazard may
meorporate concepts, emwbodiments, and configerations as described with
respect to embodiments of apparatus for controlling a hazard as described
above. The particular implementations shown and deseribed ave iflustrative of

the invention and its best mode and are not intended to otherwise lmit the
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a detector coupled to the pressure control valve and configured to generate the detection signal in
response to a detection of a fire condition. [0053] The fire protection and signalling system may further
comprise a Wsu3Mg30Wherein the housing contains at least a portion of thB(detSetdl/At¢the pressure
control valve. [0054] The housing may have a hole defined therethrough; and the pressure tube may
be disposed through the hole to couple to the pressure control valve. 15 [0055] Also disclosed is a
method for protecting an area against a fire condition and signaling a secondary fire control system,
comprising: coupling a \?é@%eef’&%ﬁﬁfi@fﬁi‘?&ttb“é’?ﬂ%’% Frésupifesdafittb £prbsstrs ib¥ethfigured to
operate having an internal pressure, wherein at least agortion of the, ressvre ﬁubejs confi(ijured to

. conventional manalacluringe, conneclon, nrenara . aind oiher functiona
leak in 20response to afi 8xposure t61he Hire EonditiBh ANy cHaRGEthe intenal Presliél generate a

pneumatic signal; COUplzIxQ_. g\d%@l%y@m&&e\{gl\{]%\ q%eggl H?a%%@&e;'naﬂgx}ﬁe Furthermore, the

connecting lings shown in the varous fgures are mended to seprosent
exemplary functional relationships andfor physical couplings between the
various elements.  Many alternative or additional functional relationships or
physical connections may be present in a practical system.

{0044] The mvention has been deseribed with reference to specific exemplary
embodiments.  Various modifications and changes, however, may he made
without departing from the scope of the present invention. The description and
figures are to be regarded in an illustrative manner, rather than a restrictive one
and all such modifications are intended to be incladed within the scope of the
present invention.  Accordingly, the scope of the mvention should be
determined by the generic embodiments described and thewr legal equivalents
rather than by merely the specific examples deseribed above. For example, the
steps recited in any methed or process embodiment may be executed in any
order, unless otherwise expressly specified, and are not limited fo the explicit
order presented in the specific examples. Additionally, the comporents and/or
clements recited v any apparatus embodiment may be assembled or otherwise
operationally configwred n a varigty of permutations to produce substantially
the same result as the present invention and are accordingly not imited to the
specific configuration recited o the specific examples.

{0457 Benefits, other advantages and solutipns to problems have been
described above with regard to particalar embodiments; however, any benefit,

advantage, solation to problems or any element that may cause any particuiar
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pressure tube to: maintain the internal pressure inside the pressure tube until the pneumatic signal is
received; depressurize the pressure vessel in response to the pneumatic signal; and release the fire
suppressantfibif1giE prssure vessel; coupling a 25delivery system to the BeEpIBYMEHI44R%e, wherein
the delivery system is configured to route the released fire suppressant to an area subject to the fire
condition; and coupling a triggering system to the pressure tube, wherein: the triggering system is
configured to generate a trigger signal in resloo‘nse to the pneumatic signal; and the trigger signal is
transmitted to secondaryFiife cARAOIFStER? SO TOBSBTIN thil HetpibE THE SENERFEyStEMthay
comprise: a hose couplted )tottfgg\tgealgyn}%gt vIaleei %?%;COQQ y}re{d tiorgglé&e t)g‘e figgnu{c.uppressant from

0 D¢ CoRSITHEa uS CRUCAL, TeqUILes Of eSSSIUG 1@atares O COIIGNReHS
the pressure vessel to & predetarminad 1ocatich Wit e Sl do Sy & “ShE 2o 2zle coupled to the
hose and adapigeijo eject the fire suppressant 9. 0e Nase.as, snglosed rga, [0gg7] In tis
method, the triggering system may comprise: a second pressure vessel 5disposed connected to the
pressure tube and is copfigired,to ¢RI ASIINRING: 2 non-exclusive inclusion, such that a

process, method, article, composition or apparatus that comprises a list of

glements does not nclode only those elements recited, bat may also include

other elenents not expressly hsted or inberent to such process, method, article,

composition or apparatus,  Other combinations and/or modifications of the

ahove-deseribed stractures, arrangements, applications, proportions, slements,

materials or components ased in the practice of the present inventiow, in

addition to those not specifically recited, may be varied or otherwise

particularly adapted to specific environments, manufacturing specifications,

design parameters or other operating requirements without departing from the

general principles of the same.

{0047] The present invention has been described above with reference to a

preferred embodiment. However, changes and meodifications may be made 1o

the preferred embodiment without departing from the scope of the present

mvention.  These and other changes or modifications are ntended to be

included within the scope of the present mvention, as expressed in the

following claiims.
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material; a trigger valve configured to couple between the pressure tube and the second pressure
vessel, wherein the trigger valve is adapted to: maintain the internal pressure inside the pressure tube
until the pneumatic signal is received; depressurize the second pressure vessel in response to the
pneumatic signal; and release the 10signaling material from the pressure vessel. [0058] In the method,
transmitting the trigger signal may comprise directing the released signaling material towards the
secondary fire control system. CLAIMS 1. A fire protection system, comprising: a suppressant

system; 5a detection system adapted to be coupled to the suppressant system and adapted to
generate a detel@M8kiyhaldiselospanse tocpaeirseiomos alfrelsshaitiem &id asigharablaysiém

adapted to be coupled 1o Hhe detesianSysiem #Pd HaRIRIwbe disposed within the enclosed

10

15

20

25

30

area of the transportable unit and adapted to have an internal pressure, wherein at least
a portion of the pressure tube is configured to leak in response to exposure to heat and
generate a pneumatic signal; a pressure vessel disposed within the enclosed area of
the transportable unit and connected to the pressure tube, wherein the pressure vessel
is configured to contain a fire suppressant; a deployment valve coupled between the
pressure tube and the pressure vessel, wherein the valve is adapted to receive the
pneumatic signal and release the fire suppressant upon receipt of the pneumatic
signal: a triggering system disposed within the enclosed area of the transportable unit
and connected to the pressure tube, wherein: the triggering system is configured to
generate a trigger signal in response to the pneumatic signal; and the trigger signal is

transmitted to an area outside of the enclosed area of the transportable unit.

[0049] The fire protection and signaling system may further comprise a delivery
system connected to the deployment valve, wherein the delivery system is configured

to deliver the fire suppressant to the enclosed area.

[0050] Optionally, the delivery system comprises: a hose coupled to the deployment
valve and configured to route the fire suppressant from the pressure vessel to a
predetermined location within the enclosed area; and a nozzle coupled to the hose and

adapted to eject the fire suppressant from the hose into the enclosed area.

[0051] Optionally, the trigger signal comprises a signaling material ejected out from
the enclosed area. In this case, the triggering system may comprise: a second pressure
vessel disposed within the enclosed area of the transportable unit and connected to the
pressure tube, wherein the pressure vessel is configured to contain the signaling
material; a trigger valve coupled between the pressure tube and the second pressure
vessel, wherein the trigger valve is adapted to: maintain the internal pressure inside
the pressure tube until the pneumatic signal is received; depressurize the second
pressure vessel in response to the pneumatic signal; and allow the signaling material

to escape from the pressure vessel.
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to trigger a secondary fire sensing system in response to the generated detection 10signal. 2. A fire
protection system according to claim 1, wherein the suppressant system further comprises: a pressure
vessel configured to contain a suppressant material; 15a deployment valve adapted to be coupled to
the pressure vessel and configured to: seal the pressure vessel under a predetermined pressure;
release the suppressant material upon activation; and a delivery system adapted to be coupled
to the deployment valve configured to 20deliver the suppressant material. 3. A fire protection system
according to claim 2, wherein the delivery system comprises: a hose adapted to be coupled to the
deployment val\l8053d T'ébﬁﬁig‘g atestien@nd signaling system may further comprise: a pressure

control valve connected to the pressure tube, wherein the pressure control valve is
configured to: seal an end of the pressure tube opposite the deployment valve
selectively unseal end of the pressure tube in response to a detection signal and

5 change the internal pressure of the pressure tube to generate the pneumatic signal; and
a detector coupled to the pressure control valve and configured to generate the

detection signal in response to a detection of a fire condition.

[0053] The fire protection and signalling system may further comprise a housing,
10  wherein the housing contains at least a portion of the detector and the pressure control

valve.

[0054] The housing may have a hole defined therethrough; and the pressure tube may
be disposed through the hole to couple to the pressure control valve.

15
[0055] Also disclosed is a method for protecting an area against a fire condition and
signaling a secondary fire control system, comprising: coupling a vessel configured to
store a fire suppressant to a pressure tube configured to operate having an internal
pressure, wherein at least a portion of the pressure tube is configured to leak in

20  response to an exposure to the fire condition and change the internal pressure to
generate a pneumatic signal; coupling a deployment valve between the vessel and the
pressure tube to: maintain the internal pressure inside the pressure tube until the
pneumatic signal is received; depressurize the pressure vessel in response to the
pneumatic signal; and release the fire suppressant from the pressure vessel; coupling a

25  delivery system to the deployment valve, wherein the delivery system is configured to
route the released fire suppressant to an area subject to the fire condition; and
coupling a triggering system to the pressure tube, wherein: the triggering system is
configured to generate a trigger signal in response to the pneumatic signal; and the
trigger signal is transmitted to secondary fire control system.

30
[0056] In this method, the delivery system may comprise: a hose coupled to the

deployment valve and configured to route the fire suppressant from the pressure
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25the suppressant material from the pressure vessel to a predetermined location; and a nozzle
adapted to be coupled to the hose and adapted to eject the suppressant material from the hose to a
predetermined area. 4. A fire protection system according to claim 1, wherein the detection system 30
comprises a sealed pressure tube adapted to have an internal pressure, wherein at least a portion of
the pressure tube is configured to leak in response to exposure to heat and generate the detection
signal. 5. A fire protection system according to claim 1, wherein the signaling system comprises:

a second pressure vessel adapted to be connected to the pressure tube and 5configured to contain a
signaling materigtssel (@ arpefstranecdafigine V8 tbtsiensétigderahiapiasaorel ¢ s Rled tthe second

pressure vessehwigteimih&igoel/aMe iRfariEshiRssant MAINRIHES inteTiRl Rrassuemside the
pressure tube until the pneumatic signal is received;

[0057] In this method, the triggering system may comprise: a second pressure vessel
5 disposed connected to the pressure tube and is configured to contain a signaling
material; a trigger valve configured to couple between the pressure tube and the
second pressure vessel, wherein the trigger valve is adapted to: maintain the internal
pressure inside the pressure tube until the pneumatic signal is received; depressurize

the second pressure vessel in response to the pneumatic signal; and release the

10  signaling material from the pressure vessel.

[0058] In the method, transmitting the trigger signal may comprise directing the

released signaling material towards the secondary fire control system.
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10depressurize the second pressure vessel in response to the pneumatic signal; and allow the
signaling material to escape from the second pressure vessel. 6. A fire protection system according to
claim 5, further comprising a second 15delivery system configured to deliver the signaling material to
the secondary fire sensing system. 7. A fire protection system according to claim 5, wherein the
signaling material comprises a compressed gas. 20

CLAIMS

1. A fire protection system, comprising:
a suppressant system;

5 a detection system adapted to be coupled to the suppressant system and
adapted to generate a detection signal in response to a detection of a fire condition;
and

a signaling system adapted to be coupled to the detection system and adapted
to trigger a secondary fire sensing system in response to the generated detection

10  signal.

2. A fire protection system according to claim 1, wherein the suppressant system
further comprises:
a pressure vessel configured to contain a suppressant material;
15 a deployment valve adapted to be coupled to the pressure vessel and
configured to:
seal the pressure vessel under a predetermined pressure;
release the suppressant material upon activation; and
a delivery system adapted to be coupled to the deployment valve configured to

20  deliver the suppressant material.

3. A fire protection system according to claim 2, wherein the delivery system
comprises:
a hose adapted to be coupled to the deployment valve and configured to route
25  the suppressant material from the pressure vessel to a predetermined location; and
a nozzle adapted to be coupled to the hose and adapted to eject the suppressant

material from the hose to a predetermined area.

4. A fire protection system according to claim 1, wherein the detection system
30 comprises a sealed pressure tube adapted to have an internal pressure, wherein at least
a portion of the pressure tube is configured to leak in response to exposure to heat and

generate the detection signal.
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5. A fire protection system according to claim 1, wherein the signaling system
comprises:
a second pressure vessel adapted to be connected to the pressure tube and
configured to contain a signaling material;
a trigger valve configured to couple between the pressure tube and the second
pressure vessel, wherein the trigger valve is adapted to:
maintain the internal pressure inside the pressure tube until the
pneumatic signal is received;
depressurize the second pressure vessel in response to the pneumatic
signal; and

allow the signaling material to escape from the second pressure vessel.
6. A fire protection system according to claim 5, further comprising a second
delivery system configured to deliver the signaling material to the secondary fire

sensing system.

7. A fire protection system according to claim 5, wherein the signaling material

comprises a compressed gas.
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