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BACKGROUND OF THE INVENTION
{0002] Hazard control systems often comprise a smoke detector, a control
board, and an extinguishing system. When the smoke derector detects smoke,
it sends a signal to the control beard. 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 require 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 exthvoishing system
m the area monitored by the smoke detector. Such systems, however, are complex and require
significant installation time and cost. In addition, such systems may be susceptible to failure in the

event of malfunction or loss of power. SWINARYRYFOFHEINMBEBNN®HIP002a]The invention is

defined in the independent claims. Some optional features of the invention are defined in the

dependent ¢iajo2s] [00GRAMR%#@ISh GO abRh&Y ShaRt imaoniarirdtameveha Gl raiedalon
response to detection of a hazard and signal a secondary hazard detection system that an event has

occurred. In one embogdimgintiym hazasd LNEahsYRIGMICAMPAISRS a pressure tube having an internal
pressure that is configured to leak in response to exposure to heat. The leak changes the internal

pressure and generates a pneumatic signal. A valve may be coupled to the pressure tube and be

configured toekjase hecontrobmaiesiakéam ansriaaedsiisrpasiorthenpreaMatiesiona. A
second valve may also be coupled to the pressure tube and be configured to provide a signal to the

secondary hazard detgctioR@ysiendmigsaontesigiiienpeesitatictsignal dBEIEm EReRIRT N OF

THE DRAWINGS [0004]A more complete understanding of the present invention may be derived by
event has occurred. In one embodiment, the hazard control system comprises a
pressure tube having an internal pressure that is configured to leak in response
to exposure to heat. The leak changes the internal pressure and generates a
pneumatic signal. A valve may be coupled to the pressure tube and be
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 to 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 following illustrative figures. In the following figures, like reference
numbers refer to similar elements and steps throughout the figures.

[0005] Figure 1 is a block diagram of a hazard control system according to various
aspects of the present invention;

[0006] Figure 2 representatively illustrates an embodiment of the hazard control
system,;

[0007] Figure 3 is an exploded view of a hazard detection system including a housing;

[0008] Figure 4 is a flow diagram of a process for controlling a hazard; and



referring to the detailed description and claims when considered in connection with the following
illustrative figures. In the following figures, like reference numbers refer to similar elements and steps
throughout W€ AGLAEE4005]Figure 1 is a block diagram of a hazard contrdGl/ateithl He¢dting to
various aspects of the present invention; [0006]Figure 2 representatively illustrates an embodiment of
the hazard control system; [0007]Figure 3 is an exploded view of a hazard detection system including
a housing; [0008]Figure 4 is a flow diagram of a process for controlling a hazard; and WO
2012/0541 16#@ }{]J S2011/0 4§@9ﬁ¢ 3 Trepresentatively  lhstrates an enbodiment of the haward

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

{0010 Flements and steps in the figures are illastrated for simphicity and
clarity and have not necessasily been rendered according to any particelar
sequence.  For example, steps that may be performed concwrently or o a
diffevent order are illustrated i the figures to help to toprove understanding of

gmbodiments of the preseut invention,

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

{0011} The present invention may be described in terms of functional block
components and various processing steps.  Such functional blocks may be
rezlized by any number of hardware or seftware components configured to
perform the specified functions and achieve the various resulis. For example,
the present invention may employ various vessels, sensors, detectors, control
materials, valves, and the like, which may carry out a variety of fuactions. in
addition, the present invention may be practiced I conpunction with any
number of hazards, and the systemr described is merely one exemplary
application for the mvention. Further, the present invention may employ any
number of conventional techniques for delivering control materials, sensing
hazard conditions, controlling valves, and the like.

{0012} Referring now to Figures 1 and 2, a hazard control system 100 for
controlling a hazard according to vartoas aspects of the present nvention may
comprise a control material source 101 for providing a control matenial, for
example an extinguishant for extinguishing a fire. The hazard control systent

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



[0009]Figure 5 representatively iikstraies an embodiment of the hazard control system and a signaling
system according to various aspects of the presentonion. [0010]Elements and steps in the figures are
illustrated foV SiAMREN 1AM clarity and have not necessarily been rendered BEESIRANY &9¥AY particular
sequence. For example, steps that may be performed concurrently or M different order are illustrated
in the figures to help to imprthe understanding of embodiments of the present invention. DETAILED
DESCRIPTION OF EXEMPLARY EMBODIM.ENTS [0011]The present invention may be described in
terms of functional blocREBMPERENEShE VAMBULHI St 3iFR) SleBee S cH RSP bIICKE may be
realized by any number of hardware or software companents configured to perform the :specified
functions and achieve (oL PSR HEBP ERAMIUHE PrLSRRRVEHoH FiBy EHiPtoy Garious
Jessetsdetectot, control natetials, valves,, and.ihe like.wuhieh mav 8Ty QU A aief o fupgtions. in

.. . YL TS %m T3 Tha t‘!.‘l(l}
addition., the present invention may be practiced in coBjunction

detection system 103,

[0013] The hazard area 106 is an arvea that may experience a hazard to be
controlled by the hazard controd system 100, For exarople, the hazard area 106
may comprise the intenor of a cabinet, contamner, unit load device, vehicke,
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 contamner 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, suchasa
fire extinguishant or acid neutralizer. 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
vartations of up to 300 degrees Fahrenheit, vibration, and environmental
pressure changes. The vessel 102 may conprise various materials, shapes,
dimensions, and coatings according to any appropriate criteria, such as

corrosion, cost, deformation, fracture, and/or the like.

{001 51 The vessel 102 and the control material mayv be adapted according the
particilar hazard andfor environment.  For example, it the hazard control
system 104} is contigured to control @ hazard avea 106 such that the hazard area

106 mzintains a fow oxygen level, the vessel 102 may be configured to provide
4



number of hazards, and the system described is merely one exemplary application for theonion
Further, the present invention may employ any number of conventional techniques kr delivering control
materials, sensing hazard conditions, conftoling valves, and the like. [0012]Refen tnow to Figures 1
and 2, a hazard control syem 100 for controlling a hazard according to various aspects of the present

invention may comprige.-aneRi1tHel Ealeral SO s B biadi RIRViBig & COMrOWRen ida fah siample an
extinguishant for extinguishing a fire. The hazard control system 100 may further comprise 4 hazard.

detection system 105 figs Hgigctingonedr Qi hibéasde s ifampkerdeiaaior, spdiatianeiafector.
thermalsen r. or gas sensor. The hazard control system 1,00 further comprises a dehveiy system 107

to deliw the control matgifahiR @ dazidoRicRa2 0@ lrde3penseHentie agalcht RRELORSYEImROS.
[00131The hazard area 106 is an area that may experience a hazard to be controlled by the hazard

control sy.stem 100. Fayeexasupieardhigl fagaidase b Mamapmarispihetotesigeiof ecahines.
container, unit load device. vehick. enclosure. andior other area.. Alternatively, the hazard area may

comprise an open aregolfatunayb e aiesiath ik thehszardweiot Absysie thdi@h[GQdAlfosanikgl material

source 101 may comprise any appropriate source of
transmitted into the hazard area 106.

[0016] The delivery system 107 is configured to deliver the control material to
the hazard area 106. The delivery system 107 may comprise any appropriate
system for delivering the control material. In the present embodiment, the
delivery system 107 may include a nozzle 108 connected to the vessel 102 and
disposed in or adjacent to the hazard area 106 such that control material exiting
the nozzle 108 is deposited in the hazard area 106. For example, if a fire is
detected in the hazard area 106, a fire extinguishing agent may be transmitted
from the vessel 102 through the nozzle 108 to the hazard area 106 to extinguish
the fire.

[0017] The nozzle 108 may be connected directly or indirectly to the vessel
102 to deliver the control material. For example, the nozzle 108 may be
indirectly connected to the vessel 102 via a hose 111 coupled to a deployment
valve 103, which controls a deployment and/or 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 valve 103 may comprise any appropriate mechanism for
selectively providing the control material for deployment via the nozzle 108,
such as a ball cock, a ball valve, a butterfly valve, a check valve, a double
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 pneumatic valve, a
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control material, such as a storage container for containing a control material.. Referring to Fin= 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 fire extinguishimt or acid neutralizer. The vessel 102 may comprise any suitable
system fbr storthg aiickiqhRroxidingibe cortiflanaenial pridehtasnddankenbrarseAsdniRagioargservoir,
oiler container. The vessel 102 may be configured to withstand various operating conditions including
temperature variationg @f upspoR@0 degraen drafserhahpridraiaBuande VRN MRHAKR, eSS
changes. The vessel 102 may comprise various materials, shapes, dimensions, and coatings
according to any appre@eaicritetian SLP) ascesirrtls CRivaoformationsifiaatu angioe theskike
1001.51The vessel 102 and the control material may be adapted according the particular ha :d and/o
env.ironinent. For examplend &£ opay dcendighBystem 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 configured to

provide a cpurgl material whish rbsedhfecdibtes@ydes lenpiswhamirangritied inteipendazard
area 106. As another example, if the hazard control system 100 is configured to control a hazard area

106 such that equipmentawdthi tbazargharealiblsAubsiartiaby Rietesterb ammhesmptikadiagon, the
vessel 102 may be configured to provide an extinguishant which absorbs thermal radiation when

transmitted into the hagpidmie 1P (V0 GIEhediRlivaswsysteasa&itis ranfiguied ieaativeicthe

control material to the hazard area 106. The delivery system 107 may comprise any appropriate

system for delivering iwareoptrelingatapial Instied presaptembodinesdtithe dabikelyrmysiepditor, may
include a nozzle 108 connected to the vessel 102 and disposed in or adjacent to the hazard area 106

such that control matetial gxhnghthend tikzle1h Q8 p Aegasitaboditig h azand Aidald@6timoks wrample, if a
fire is detected in the hazard area 106, a fire extinguishing agent may be transmitted from the vessel

102 through the nozzle(B08 teotitshirdard aseal@biie axtinguisiidhe fisaclpordidheipeazie 168 may be
connected directly or indirectly to the vessel 102 to deliver the control material. For example, the

nozzle 108 may be indisprihneoanresiedds. thayassaldldZnviana osmpdde coyplpptpraategiimanent
valve 103, which controls a deployment and/or flow rate of the control material through the nozzle 108.

The deployment valvefdi0&aoniiaiayvhdtvanandoingesirg dstle amaurli@itype pilsonirodimafierial
delivered through the nozzle 108. The deployment valve 103 may comprise any appropriate

mechanism for selectivalygpioviding thedonical siaialiahiosldapioyime pindanthenczatd, 108, giech as a
ball cock, a ball valve, a butterfly valve, a check valve, a double check valve, a gate valve, a globe

valve, a hydraulic valvée |daf thalvieesenormdiitineatyaha pilgirdabigna pisigrivadve, mpluginalve, a
pneumatic valve, a
signal generated in response to detection of the hazard condition and provided
to the deployment valve 103, which delivers the extinguishant in response to
the signal. The hazard detection system 105 may generate the hazard signal in
any suitable manner, for example in conjunction with conventional hazard
detectors, such as a smoke detector, fusible link, infrared detector, radiation
detector, or other suitable sensor. The hazard detection system 105 detects one
or more hazards and generates (or terminates) a corresponding signal.
[0019] In the present embodiment, the hazard detection system 105 includes a
pressure tube 104 configured to generate a signal in response to a change of
internal pressure in the pressure tube 104. Referring again to Figure 2, the

hazard detection system may further comprise a smoke detector 110 configured

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



rotary valve, and/or the like. In the present embodiment, the deployment valve 103 responds to a
signal, for example a pneumatic signal from the hazard detection system 105, and controls delivery of
the extingui¥HaAP1AQIHd hose 111 and nozzle 108 accordingly. [0018]The R&Z2F$H1&EF6M system
105 generates a hazard signal in response to a detected hazard. The hazard detection system 105
may comprise any appropriate system for detecting one or more specific hazards and generating a
corresponding signal, such as system for detecting smoke, heat, poison, radiation, and the like. In the
present embodiment, thEhA%ard detecdlion Systerrans ig‘%éﬁﬁ&tﬁr@ﬁ‘%‘&e]té%t“éaﬁriéaa?’tﬂ“ﬂ%vide a
corresponding signal to the deployment valve 103. The hazard signal may compyise any appropriate
cignal for ranmiting refGUAT| TR LA 2 AP el SERGE B Sl mb s L,
mechanical signal, wirele&%]%' nal ',L%Q%%u‘;ﬂ@tic sigr%q;‘ﬁ r}%t}géi‘ke. In the present embodiment, the

. . i DYESY . PI’%SS '}3 A, .
hazard signal comprises a pneumatic signal generated in response to detection of the hazard

condition and prexifled to the deployment, valve 403, which delivars:the,extingyishantin tesponse to

the signal. The hazard detection system 105 may generate the hazard sighal in any suitable manner,
for example in conjunctigs withreanvantional hazard:detecters, skighase.someke detestes usible link,
infrared detector, radiation detector, or other suitable sensor. The hazard detection system 105 detects
one or more hazards andigenerdteprasderminateska:conrespondinig: sigualre @04 9nmtbe lpresent
embodiment, the hazard detection system 105 includes a pressure tube 104 configured to generate a
signal in response to a change ol intbrnhlgressieedn theprgsseretulve 204iRefénrngagain to Figure
2, the hazard detection system may further comprise a smoke detector 110 configured to release the
pressure in the pressurdubEardateip o déiette s ihekasimdinretarh az8rh aped OB ESUEXiUnple, the
smoke detector 110 may be suitably adapted to activate a valve 112 connected to the pressure tube
104 to cause the internai PrELEURE PRI TS SeEHE HIBR L 020 ‘RIS €TVl THE Presdift 8hbodiment,
the hazard detection system 105 g nerate-the pneumatic, si%nal y changing pressure in the pressure

nd sustansy i anv suitabls manaer. for Sxampld by pressuniz2ine and, sealing
tube 1.04, such as by re"lea&ﬁ@ {iie préssure in the pressure ube’ &4\ Fhe pressute tibe t04 may be

pressurized with a highey o :Jﬁ%%%é_iﬁk‘%fr%%m{;éé%’ g han khamientpresguing hagard arga 1.06.

Equalizing the internal pressure with the ambieni pressure generates the pneumatic hazard signal.

The internal pressure may, be achieyed andssustaingd i anksuitablg.paaagt 401 AxaRIe by pressur
lug and sealing the pressure tube, connecting the tube to an independent pressure source such as a
compressor or pressurebatie; @r 6enReGling.te-prassure fbed4to e vasselko2having a
pressurized fluid and/or gas, Any fluid that may be configured to transmit a change in pressure within
the pressure tube 104 mayfherused ikomexarcple;aisybstantiallyhincomprassibleifluid $uckyas a
water-based fluid may be sensitive to changes in temperature and/or changes in the internal volume of
the pressure tube 104 sufficieht toosigretdoupladdavieds inaaspongeltolaidnanyedmnpressure As
another example, a substantially inert fitiid such as air, nitrogen, or argon may be sensitive to changes
in temperature and/or CHEPHELTH THE FREFISIVEIUntd BEthd RSB Wi d'on Quffisie Ht Bsignal
coupled devices in response to a change in pressure. The pressure tube 104 may comprise
appropriate materinis, ineltdMg EirSE AcanR asedshe it Bing  AitAhRitiE R ERREH S5y S Bment,

cenu k. copper, copper al_[og composlites iron ailo nic}&el el alloy, icmaterjals epolymer,

) ailoy, , hickel alloy, organicmaterjals
titanium, titanium alloy, b gsr? andiSriheTIike? *ﬁ%lrﬁressuég%ﬁjﬁie iﬂﬂ}/?%%iygb%i%éﬁﬁ]é‘ﬂ?eaﬁ gcording to

fitly appropriate Shapesf}ﬂlﬁ”ﬁ{&ﬁ‘%&mﬂ‘ég - ?’ma&%on may be sensitive to changes in temperature

and/or changes m the internal volume of the pressure tubg 1 sufficient to

signal coupled devices i response fo a change i pressure, The pressure tbe
104 may comgprise appropriate materials, including Firetrace™ detection
tubing, aluminum, alomdsom alloy, cement, ceramic, copper, copper alloy,
composites, fron, won allov, nickel, mickel alloy, organic materials, polymer,
titaniem, titanium atloy, rubber, andfor the like. The pressare tube {04 may be

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

~y
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coatings according to desired design considerations such as COITOSIOJI. cost, deformation, fracture,
combinations, and/or the like. [002.11The pressure changes within the piestube 104 may occur based
011 any Ca¥¥@ W 8htlition. Fo exanipk. the pressure in ke tube may cha®R§d RS%e3p8#H¥84o a
release of pressure in the pressure tube W4, for example due to actuatiot of the pressure control valve
112. Alternatively, pressure changes may be caused by changes in the temperature or volume of the
fluid i the pressure tube 104, for earnple in ITespouse to actuation of the pressure control valve 112 or
a heat transfer .system SHHESHESERT8 b SaT et e prasddiraions el ey Besedhfigived to
degrade and leak in respanse to a hazard c.cndi.tion., such a V}pture, rupture, and/or deformation
which may result in alteﬁﬂ@‘fﬂ‘glfﬂ}’etl’ﬁ‘%tlub?‘e{’s%ﬁ Bk ‘B}%g’sﬁ}‘g iE“be 104 resulting from exposure to
flit-induced he 4Hpon degracciﬁtion the pressure t%% Jﬂ.}g4 loses R }gzﬁmeﬂ thus e_?)%gggq the pneum

. o4 e pressare Changes w TSRS iy QOCUT = .
[0022]In addition, the hazard detection systent 105 may ihélide external stems con Igured to activate

the hazard control system, 10Q. VariQiiginazarels Riaduse warigusihazard canditions, whichmay be

detected by the hazard détection system 105. For example, fires produce heat and smoke, which may

be detected by the smokedateator 1di8scausingdhe smpkedatastand Woto activate delivery oldie
control material. [00231in one embodiment other systems may control the pressure in the pressure

tube 104, such as via the (prgssure enirekval wediki . \korsekaimplgidhepsspreconitodvatve 1.12
may be configured to affect pressure within the pressure tube 104 in response to signals from another
element, such as the smekebdetestal 11 @hThesalfetted:prassume mayebenachievediby eonfiguring the
valve 112 to selectively change the pi sure within the pressure tube 104,

pressare tube 104, for example in response to actuation of the pressure control

valve 112 or @ heat transfer system.  In the present embodiment, the pressure

tube 104 may be configured to degrade and leak in response to a hazard

condition, such as puncture, rupture, andfor deformation which may result in

altering the internal pressure of the pressure tube 104 resulting from exposure

to fire-induced heat. Upon degradation, the pressure tube 104 loses prossure,

thus generating the preumatic signal.

{00221 in addition, the hazard detection system 108 may include external
systems configured to activate the hazard control system 100, Various hazards
produce various hazard conditions, which may be detected by the hazard
detection system 05, For example, fires produce heat and smoke, which may
be detected by the smoke detector 110, causing the smoke detector 110 o
activate delivery of the control material.

{0023] fn one embodiment, other svstems may control the pressure i the
pressure tube 104, such as via the pressure controf valve 112, For example, the
pressare control valve 112 may be configured o affect pressure within the
pressuve tube 104 10 response to signals from another element, such as the
smoke detector 110. The affected pressure may be aclueved by configuring the

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



.Substantially equalize the pressure within the pressure tube 104 'r Out de the pressure tube 104,
change the temperature of the fluid within the pressure tube 104, and/or the like. For example, the
smoke dete¥Or2018%d{ocause the pressure control valve 112 to open upoR(detéeih'4nedke, thus
aliowiug the pressure in the pressure tube 104 to escape and generate the pneumatic signal. f0024]
The pressure control valve 112 may comprise any suitable mechanism for ‘ordaining the pressure in
the pressure tube 104, such as a ball cock hall valve a -butterfly valve, a check valve, a double cheek
valve, a gate vaNe, gloBEWEREY KYuRHeRiEAVE Y 9esiaE Brysmrdthn VA catst¥alve, a
piston valve, a plug valve, ?ﬁne‘u[nﬁt'c“ vz‘allye,y a row, valve. and/ rtﬁle like._ In %r]e embodiment, the

Ay €8 -Sﬁs‘el I BISEromSENY Tl Systint eoligted s s iy {}g’gndent

ey
pressure control valve PIS

power source. such as g hatigny For. exampie, ‘Q%ESQSH (& é%%t%"%@é S 148 may &?&%‘ ﬁ'sfsé"‘ a
solenoid cow:Muted m operate at between about 12 and 24 volts. The pressure control valve 112 may

be configured to achievg,varipus ghangesdn ﬁ’ﬁe_ﬁﬁH{)@n"‘{l}ﬂi‘ﬁ‘ e AIESSHIGLURR 104 kv Maying the

choice of materials, dimen rms. pow r consumption, and/or the like. [0025jThe pressure control valve,
112 may be controlled hy-anysuitable.systemstomahangea tha pressuie: iddhadiessuratube 104 in
response to a trigger event. For example, the hazard detection system 105 may be coitigured to detect
vanous hazardi@rsi conditions thatpmaywconstiiuierttiggerervantsopile presentiembediment, the
smoke detector 110 may detect conditions associated with fires. The smoke detector 110 may be
replaced or supplemented withdbtectorstofsother Hazardsrsudh: d9sensbrs sénditivekta imdidence with
selected st3hstaces.. radiation levels and/or frequencies, pressures, acoustic pressures, temperatures,
tensile prop es of a coupiétt sacrisialetéhert. deper b fike dathds siskevdbteciertE1ot Ry comprise a
cKmventtonal system Mr tire detection, such as an onrnflon detector, a mass spectrometer, an optical
detector. tatior the like 5 &fhdke detEbtbt 1905 Talidist) e SURRBRPE A 18 SpeiHtE <blely from
battely power. in an alternative mboqime t, the smoke, detfﬁctor 110 m% be adapte i{g oh)erate

N y2 2 resoow L8 Tk l:\ @2 ¥ 02 NP 4 2 £ T 5 F L3
wthoat electrical power.p[’ét(f))ﬁé he Hoke \cf%\téi:f&)rnﬂ‘&uﬁre&gsli“re‘l{ﬁﬁ‘éyl\o it oorr(tj}%her &lements

hazard detection systery 109, Mh’_‘%%nﬁogﬂg“rergs.@%{e?‘%l _f'%'Si;et)(ra?&firichfi%‘%fd ggqgg}jggn%hlior

example, the hazard detection 3y stem 105 may monitor for a. single hazard tondition, such as heat.

In this repre.senuuive copfigyratinnthe PLRSSWRMRe 104 fungtians.asdhe iy detegtion systems for

the hazard condition Alternatively, the hazard may be associated with multiple hazard conditions:,

sveh as heat and smokeqi:which eaueglifferent detecteramaymonitondifierepticondiionsd In dais
configuration., the pressure tube W4 and smoke detector 110 provide hazard control based on a
multiple possible hazardoctpditionsciradditibapthie: pressurestubei dandismpokeudetectar 110 may
be configured to provide hazard detection in response to partially coextensive hazard conditions. M
this configuration the presseare iubey184 ariismdkeadbtestor1d wouldprovide substantidity
independent detection systems for some hazard conditions and hazard control based on a variety of
input hazard conditions #67Bthef'azard onditiohns. Bivehoihe MulPRERF of EBrRBIELGNS Bffice
conditions, those oxamplos are illustrative mther than exhaustive. (00271 The smoke detector 110 and
the pressure control valf& 143y BE eoHgifed in miy snit:able manner to facilitate communication
and/or deploymﬁm For eAamﬁnl% m one embodimept t?&smok%cletecE tdl 0 may incl &:lee a

. WESSULS, CONIGL vaiye may, b controtled Dy any suna
wireless transmittér and the pressﬁre &onitrol valve M‘E may include'a y ‘

systems to change the pressure in the pressure tube 104 in response o a trigger
event. For example, the hazard detection system 105 may be configured to
detect varions hazardous conditions that may constitute trigger events, lan 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 senstive o incidence with selected
substances, radiation levels and/or frequencies, pressures, acoustic pressures,

temperatares, teasile properties of a coupled sacriticial element, andfor the like,
g



reless receiver to receive wireless control sigittais from the smoke detector Odd facilitates remote
placement of the smoke detector 110 relative, to the pressure control valve 112. Alternatively, the
smoke dete¥&201893d8sure control valve 112, and/or other elements of tRE WH2APH Bdféttion system
may be connected by trardwire conneciions, .1110 asignals, coustic signals, and the like.
10028]Referring to Figure 3, the smoke detector 110 and pressure control valve 112 may be at least
partially disposed withhi a housiug 400 to form a single unit. The housing 400 may be configured to
facilitate installation and! PHWEP'SUSHIEE thE SRKEHEIS ASPITOMME aHEEEIHS d8htidtvalve 112.
For e.xample, the hcnisthg 400 ma ..ipcludt? an area for housing the smoke d t‘ectpr_ 110, such as a
Ui SR S i e Bah eI e s ORE BRLSBIBr 418 P Sense the

conventional housing haV

ambient atmosphere. The igusing 400 mayriher ineluds an.a'ea Bl RIESRY s contfglualve 2,
-which may be connected to the smoke detector 110 to receive signals from the smoke detector 110,

10029]The housing 400,piay frthsrhe.confokred 1p sbsiRnUalMASsamMadate. poRpioR.of the

pressure tube 104 to facilitate control of the pressure in the, pressure tube / 04 by the, pressure control

valve lll, For example, thephausing APRMayipckdeaRe skmarg gpesures through which the end of
the pressure tube 104 may be, connected to the pressure control valve 112, The housing 400 may

comprise varigugtjaterials includingeatudainu | alu minsmeallby | cementy cetamieneappétheopper
alloy, composites, iron, iron alloy, nickel, nickel alloy, organic materials, polymer, titanium, titanium
alloy, tualior the like. Thexhodisirtge400 syayrcodiviprise variods shd pesqgirmansions iand cdatings
according to various design considerations such as c.orrosio include emissive properties with respect
to ambient conthuois ailiHeseprbpetties may:pe achieled by neRdingvets! oy, skiEbermeable
membranes, sernisperingable megnbranes, selectively penneabie membranes, andloi the like within at
least a portion of the holi&ihg 00 PEitithit He frousint 40t may/ b dEssEatibise it thtiple
sections 400A-C to facililtate installatior BFQI maintenance. .

the pressure tube 104 Tunctions as the only detection systems for the hazard

condition.  Alternatively, the hazard nay be associated with multiple hazard

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 hased 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 parnally coextensive

hazard conditions.  In thiz configuration, the pressure tube 104 and smoke

detector 110 would provide substantially mdependent detection systenss for

some hazard conditions and hazard control based on a variety of input hazard

conditions for other hazard conditions. Given the multiplicity of combinations

of fire conditions, these examples are Hustrative rather than exhaustive,

j0027] The smoke detector 110 and the pressure conirol valve 112 may be
configured i any suitable maoner to facilitate communication andfor
depiovment. 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



[0030]in additkm, the housi tg 400 may he configured to provide power to the elements of the system,
such as the smoke detector 110 and the pressure control valve 112. The power source may comprise
any approp&e2fdefid+taHd source of power for the various elements. For eXXmg&2¢he0pter source
may include a main power source and a backup power source. In one embodiment, the main power
source comprises a connection for receiving, power from a conventional distribution outlet The backup
power source i.s configured to prowde power in the event of a failure of the main power 't) -fe, and
may comprise any suitablg: SbtiFeelst Potie e Sk iE e b nibre '&’ﬁb‘é@ﬁtﬁfé“‘b&&ﬁ%@‘\fn‘i‘hterruptthIe
power supplies, generators, solar cells, |or the |I§1 In the pr sent mpodim the backup power
source includes two bat’t%:rl’e?&ﬁ'f {’MM (f é‘bb%é “Wi Fﬁ’ e Housis ‘Eﬁgf ‘é“ﬁ’r’seir{)at‘fecrylﬁﬁz provides

backup power to the smokeoq 1,10 nd the st con attiﬁatyhl qp es backup power to the

20 ARa0L QHeY ¢ -::‘I‘ﬂt‘n 50 ST SYSIRT NIy t}h
pressure control valve 12. 1n one embodlmen t, the pressure control v requires a higher power,

more expensive, and/or Jess reliahle battery than.the.smpke detestor %utht@ﬁthe valygattery 404
may thu without disabling the backup power for the smoke detector 110 supp lied by the fire detector
battery 402. Referring agiain to Figure 1, the hazard control system 100 may be systems, for example
a Ore system control unit 109 for a building, vehicle, cargo holding area, or die like in which the hazard
area 106 be disposed within. Refarmplas the:hazardieontial system:l Q0tandithe:hazard 68 may both
be disposed within a /auger e closed area 504 such as a warehouse. storage area, cargo holding,
area, wherein the tire sysiemldéntrot ibit #08compridesiatieast parof deysteniesigned to d.etect
andlor suppress a fire condition within the enclosed area 504. The opeaon wiih the external systems
may be configured iii anyj"${it&ble M‘et‘tﬁtewltér*@)@a’i‘ﬁblé’tdi’t1t¥éfﬁﬁ WaradGHerorikEYpBrEtbn of the
hazard control system 100, automatically noti emer enc services, and/or the like, 0321Refernng

now to Figure 5, the haPaRFESHRRSY sﬁs‘tﬁﬁfl_ ?ﬁ?}‘; ’ﬁth r"c?(grﬁlﬁrlg’é'%“tfehﬁ@"sys‘te i :500 configured

to be nsive to the pneun atlc Si gen rated tﬁ)( th tube W4 following a loss of pressure.
. . 0 kiad %b 2 gtleu e dOU L a0, el T(tt %uxn the SIQK
The triggering system. may & adapte &Iy any sui b e Manher to activate nal, notify, at

otherwise communlcateiV\gtt} the fire. ystem %qﬁlUQ L‘m 0% qcp&gtwremgt g!ctn;@lll\{l,\and/or

mechanically. The triggering system 00 may a e adapte fo proVIde a S|gna suitable to the

method of operation of the,fire,systen,caniralunit Lo Forexample, inene smbgdimentthe triggering

system 500 may comprise a trigger valve 503 coupled between a second pressure vessel 502

containing a signal matedatiandsbepressure tued04. The trigary yalveR0draay tgveonfigured to
activate in response to a change in pressure on the pressure tube 104 side oldie valve causing the

sig,nal material to be rele@skdfHe firensysténa dentrobiunit +0@may senseitheireldage:oftthe signal
material and respond accordingly. such s by activating xi audible alarm, sending a sigiial to a
monitored control panekeormriisitatiig- with emergency services, or activating a secondary fire

suppressant system, WO 2012/054116PCT/US2011/045694
0029] The housing 400 may further be configured to  substantially

accomunodate a portion of the pressure tube 104 to facilitate control of the
pressure i the pressure tube 104 by the pressure coutrol valve 112, For
example, the housing 400 may incluade 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 ncluding akiminum,
aluminum alioy, cement, ceramic, copper, copper alloy, composites, won, won
alloy, nickel, nickel alloy, organic materials, polymer, Hamwum, ttaniom alloy,
and/or the like. The housing 400 may comprize varioas shapes, dimensions,
and coatings according to various design considerations such as corrosion, cost,

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



[0033]The signal material may comprise imy suitable substance, such as an inert gas, aerosol, colored
particles, smoke, and/or a fire suppressant agent. For example, in one embodiment; the signal
material ma} @At35d1dbmpressed nitrogen contawed within the pressure VE34e1290Y Upeidr a
pm-determined pressure such that it forms a dissipating cloud von release. In another embodiment,
the signal material may comprise a powdered. Aura of heavier than aft particulate matter that brns a

cloud upon release but subsequi tidy falls out of suspension in die air. [0034]In another embodiment,
the triggering system 500°H& e8P R iEamitars it BRI o8t & iemBé édhtrol unit to

signal the fire system control unit 109 i respons ade ted fire condjtion. For example.O the
vering system 500 may U LEneBH) ARt Generdte & FR b by S BB hse to the

pneumatic signal to commuplgate to the fire s system.g ntrol unit 109 hataflr has been detected. The
HHUNES, SOl pc‘!lﬁ‘h INSTIDLANEs, -::‘ 6(_ LV{:‘ |§ edbie Ipemibrangs,

T
hazard control system 100 1 may also be co gured to respon to signals from the fire system control

unit 109, for example to,prayide.status,ipdicators, forthe, hazard gantral systesn WE and/opreinotdy

activate the hazard control system 100. [0035]The hazard control system 100 may further comprise

additional elements for gentralling ang activating thehazard.copteolsysigmofarexampigathe hazard
control system may include a manuaJ system for manually activating the hazard control system.

-Refer:aim again to Figuse:2isoanedmbadiment<he 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¥é{doupled to thespilessuréctbibesiQ4tetiohtHat theimandal palve202undy release the
internal pressure of the pressure tube 104. The manual valve 202 may be operated in imy suitable
manner, such as WO 2092054 ¢1 gRCTAUSR0LI045 6 rHghealwiakiplidtishdorthaiaror in

conjunctlonLatta sucti as
control valve 112, The power source may comprise any appropriate fooms and

source of power for the various elements. For example, the power source may
mclode a main power source and a backup power source. Tn one embodiment,
the main power source comprises a connection for receiving power from a
conventional distribution outlet. The backup power source 1s configured to
provide power in the event of a failure of the main power source, and may
comprise any suitable source of power, such 3s one or more capaciors,
batteries, wunterruptible power supplies, generators, solar cells, andfor the like.
In the present embodiment, the backup power source includes two batteries
402, 404 disposed within the housing 400. The first battery 402 provides
backuap 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 autonomously or i conjunction with external
12



motor or the like. 10036]The manual valve 202 may be located iii any suitable location, such as
substantially outside of the hazard area 106 or in the hazard area 106. The manual valve 02 may be
coupled to tRENE33EF4109, pressure tube 104, pressure coniroi valve 112, afefdvIHEIRERHr xample,
the manual valve 202 may be configured tbr operation with the vessel 102 such that actuation of the
manual valve 2.02 directs extinguishatil to the nozzle 108. The manual VitiVi: 202 may be configured.
for operimon with the pressure tuh 104 such that actuation of the manual valvt. 202 causes a change

in pressure within the pRé&&iRe {Gb& \WaPSufridiEnt Y8 directBRlinglidhantto e HoxzIe 08 The
manual valve 202 ma v further be configured for operation with the pres cantrol yalve. 112 such.
o ation ot e A TR e R T L B TP S ki &

change i pressure wittyn (e, prasse(uh 104 suicient Iasliecheinauishanido lue nogele 108
[0037] The h rd control system 00 mav further comprise systems for providing additional responses in

the event of a hazard beingdefected such thatthe:hazard conife! system, 100, maysinitiate further

responses in addition to delivering the extinguishant in the event that a hazard is detected, The hazard

control system 100 may;hg, canfigueEhloprompeany B3P PIeRKate I eSRANSH SHUB-AmAREIING
emergency personnel, sealing off an area from unauthorized personneL terminating or initiating,

ventilation of area, deactivating hazargeusdnachinerycandiatthelike:for @xampleidhe agaard control
system 100 may comprise a supplementary press we switch 302. The supplementary pressure switch
302 may facilitate transmhittierg firfiormetioflrelatifiy tepechéingesith pressurenlithintdke presswe tube 104
to extenia.l systems, such as by WO 2012/054116PCT/US2011/045694 generating an electrical
signal mechanical signaleRRersditam sighdilsiressorise wapidsstresthihyerwitimttrkicoupled
pressure tube 104. [00381 in one embodiment, the supplementary pressure switch 302 may be
coupied to machinery irPEUEM Ay Rt HEFLZARY dred £ 16 BBEr B faeruspl 6 the

machinery in. t.he event gha}.g@g suEglem?rﬂ;gry pressure switch 302 produces a signal indicating a
hazard condition as deté%fe“d”bf"t’ﬁ'e‘ azard. corn: | system 100,

{0032] Referring now to Figure 5, the hazard control system 100 may further
comprise g triggering system 500 configured to be responsive to the preumatic
signal generated by the pressure tube 104 following a loss of pressure. The
triggering system 300 nay be adapted in any suitable manner to activate,
signal, notity, or otherwise communicate with the fire system control unit 109,
such as remotely, electrically, andfor mechanically. The triggening system 500
may also 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 systermn 300 may conywise a trigger valve 303 coupled between a
second pressure vessel 302 containing 3 signal material and the pressure tube
104, The trigger valve 503 may be configured to activate in response 1o a
change in pressure on the pressure tube 104 side of the valve causing the signal
material to be released. The fire system control anit 109 may sense the release
of the signal material and respond accordingly, such a8 by activating an audible

alarm, sending a signal to a monitored control panel, communicating with

SIMRLENCY Services, or activating a secondary five suppressant systesmn,
13



[0039]in other embodiments the hazard control system 100 may be configured with multiple vessels
102, pressure tubes 104, nozzks 108, pressure control valves: 112, hazard detectors 110, manual Ives
101 and/or VP3RS pressure switches $02. For example, the hazardP€dntiAy4Emay be
configured to include multiple vessels 102 coupied to a single nozzle 108 and hazard detector 110,
such as if controlling the hazard area 106 includes drawthg multiple types of mainguishant which
cannot he stored together, or if the extlngwshlng anticipated hazards may require different
e.xtinguishant’ts He applied at'Biffsranetited! ASBAGtRRRS M pEtEHE RESER ContBIgydtem | 00
may be configured to mclude more, tr\’ ne pressgre tube 104 cou led to a single nozzle |08 and

hazard detector 110, for“gia‘rﬁpl‘ée%\ﬁ ée\’!rfuﬂ’[ péjfllf’ 'fb?‘}ﬁ]e‘I h’s B EINGTHEN ANt br to draw

different extinuuishants in_response to dltTe ent f ire cond|t|9ns lelen the multiplicity of comblnatlons
e, 1L Oﬂétt‘!‘ﬂhu zmeih iE s1enal nEtes

of (dements, these examp"lmé are iliuStrative: rather tharexhaustive "fébiémﬁn grh(n} t‘c?\’fflgure4 in

operation, the hazard contol.system:J0 s itidlly genliguredssuchhaj the hazard.deteclign system

105 may seas relevant indicators of hazard cond nous (-410). For example, the pressure tube 104

may he exposed to the [ntetior aianrapin or pther gnclosuresa.thal inthe euert of @ firg;the pressure
tube 104 is exposed to heat from the tire. Likewise, relevant sensois, such as the smoke detector 110,

may be positioned In sensexlevantiphenomenashiomls achagard aqeurddibe deliversytsystam 107 is
also suitably cotifigured to deliver a control materiai to areas where a hazard may occur (412), scb as
within the enclosure, 1004G:1Whewtahszard beciirs, thevhazdrddepectioh:systems105:gnaytidetect the
hazard and activa e the hazard control system 100. For example, the heat of a tire may degrade the
pressure tube 104 (414a¢avising Weanteror pressure of the pressure tube 104 to he rekaed. thus
generating a pneumatic signal (420). In addition, a sensor, such as a simok.e detector, may sense

smoke or anoth&r televant haﬁﬁrd‘ﬁﬁai’da‘f&b&ﬂi‘@)"ﬁndhécﬁ%‘r'a”f%!‘tﬁe‘ﬁé‘zﬁ}d LB ritrel éy‘é‘f@ﬁﬁ"ﬁ@o to open

the pressure control valve 112, likewise releasing the pressure in the ressure tube ilq]4
f.()mi‘llmll RO ntpr Co commnectsd W g remaote U’ l‘ldﬂb LTy ti’) blf'ﬂ‘ f‘t,
generating the pneumatic S|gna urther, the signal may be generate systems, such as an

external system or the manyal.¥alve 02 (1) 9034 %ne; §{&ﬂé"$ B LER M%%;Pyety &.dgRlgyment valve
103 and the trigger

the triggering svstem 500 may be suitably adapted to generate a radio
frequency signal in response to the pneumatic 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 respond to signals from the fire system
control unit 109, tor example to provide status ndicators for the hazard control
system 100 andfor remotely activate the bazard control system 100,

{003 5] The hazard control system 100 may ferther comprisze additional
clements for controlling and activating the hazard conwol svstem.  For
example, the hazard control system may inchude & manual system for manually
activating the hazard control syvstem. Referring again to Figure 2, i one
embodiment, the hazard control svstem 100 includes a mavual valve 202
configured for wmanually activating the hazard control gystems 1060, For
example, the manual valve 202 may be coupled to the pressure tube 104 such
that the manaal valve 202 may release the mternal pressure of the pressure tube

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



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 delivery system into the hazard area 506 (424),
thus tendingM@ ebRtASHAe hazard. The signal material may tr nsmitted to otheF/33tdiitebth as fire
system control unit 109 (426) andlor the supplementary pressure switch 302 (42S), [00431These and
other embodiments for methods of controlling a hazard may incorporate concepts, embodiments, and

configurations as described with respect to embodiments of apparatus kr COMORIIN a hazard as
described above. The pHHEhFRTIRBIITEAtAIBNE SRSV SR8 HEtrpEHaE IRsttivESt the iuveu

don and its best mode itod‘a_re‘iv{v.t |L tended to otherwise Urn it Ike scope of the present invention in
any way. Indeed, for did RO bk ity, conventional manufacturing, connection, preparation, and

other functicingljspects of the system may Jot.ne 9%%%%9&94%?9% Eytermore, ing connecting
iines shown in"the “uous figures n intended to represéent exemplary functional rdationslups and/or

physical couplings betwegg, the,yarious.deling. Many aliernatye,ar additional dunction,alfglationships

or physical connections may be present in a practical system. f0044]The invention has been described

with reference to specifiggxamplary embadiments.\atous modifications andshanges, hawever, may
be made ivithout departmg from the scope of the present invention. The description and figures are to

rard.ecl in an illustrativeprassaretphathenihania. restiictive] e Bad-aihglichimadificatiang are intended
to be included within the scope of the present invention.. Accordingly, the scope of the inyention
should. be determined ythecgenépeahibodiments. wdsdribedahdtheictediat eguivialentsirather than
by merely the specific examples described above. For example, the steps ecited in aiy method or
process embodiment mairbelesdecutét ifiagy extinmedestidivseakpiéssiyt Spaetied, witare not
limited to the explicit order presented in the specific examples. Additionally, the components and/or
elements recited in any APparitUE SHHEETeAT R BRYSSEhE RS Ste s e Bpetitiohialy

configured in a variety of Permutatiot[‘ms to roduc]e supstantially the same result as th%f)re ent
. . a@ uation of. Hic IB‘ uﬁl] VEHIVG a3fs Céﬂiit’fs q..C11 .I)S{t';’t M presswyge withun " £
invention and are accordingly nhot limited to the Specitic céntrecited in the specific examples.

100451Benefits, other %‘?X&GF@QE&@M S&%ﬁ?&? i B(}ngle{mt?’mgﬂ%ﬂﬁ? & the nozzle 108, The

manual valve 202 may further 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 systern 100 may further comprise systems for
providing additional responses in the event of @ hazard being detected such that
the hazard control system 100 may initiate further responses in addition to
defivering the extinguishant in the event that a hazard 15 detected. The hazard
controf system 100 may be configured to prompt any appropriate response,
such as alerting emergency personnel, sealing off an area from unauthorized
personnel, terminating or inftiating venttlation of an avea, deactivating
hazardous machinery, andfor the like. For example, the hazard control system
100 may comprise a supplementary pressure switch 302, The supplementary
pressare switch 302 may facilitate transmittimg information relating o changes

i pressure within the pressure tube 104 to extermal systems, such as by
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described above with regard to particular embodiments; however. any benet'n, advantage, solution to
problems or any element that may cause any particular beneftL vantage or solution to Occur or to
become moPEMIORAIMEET are not to be construed a.s critical, required or eBSEA{RRAH AR or

components. As used herein, the terms -uprises”, "comprising” or non thereof, are intended lo
reference a non-exclusive uw.htson. such that a process, method, article, composition or apparatus
that comprises a list of elements does not include only those elements recited, but may also include
other elements not exprEdéhFfidtet! STaHETENER stk ot sde et atite S e6Mpositioh or
apparatus. Other combinations and/or modifications of the ahovti%{scnbed strucéures, arrangements,

applications, proportion*‘s‘f.@i@?ﬁ%ﬁ%flr%igf:éﬁ’fglg '8?%80%38‘?18}%%&) i tH lrﬁ?ﬁ‘é‘ﬁ df the present

"mention addkﬂﬁgﬁio those n?[tnsglecific IIX; reci{gqiem?g e va{ied Qr.otherwise ipgﬁ{pular‘lx}gdapted to

o . 32 e CiiDOGIEN sippletentary rjaressur‘e: swmh J x‘na.}[-
specific environments,. manufacturing specifications, design parameters o.r other operathig

requirements without depariing, irom the geperalRINEINIESONING $3ME 106 1 ol BERIESEREINVENtION

has beeu described above with reference to a preferred embodiment. However, changes and
modifications may be maggitoithepreferieshembadiment without deparingafomdherscopripf the

present invention. These and other changes or modifications are intended to be included within the
SCOpe of the present invEntiog:asexpressesinuthe fodwind claiiidn as detected by the hazard
controd system 100

§6039] Iy other embodiments, the bazard control systemn 100 may bhe
configured with maltiple vessels 102, pressure tubes 104, nozzles 108, pressure
control valves 112, hazard detectors 110, manual valves 202, andior
supplementary pressure switches 302, For example, the hazard control system
may be configured to include multiple vessels 102 coupled to a single nozzle
108 and hazard detector 110, such as if controliing the hazard area 106 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 nimes.  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 sxample 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 illustrative rather than exhaustive.

{0040 Referring to Figure 4, in operation, the harard control svstem 100 is
mmitially configured such that the barard detection svsterz 135 may sense
relevant ndicators of hazard conditions (41, For example, the pressurs tube
104 may be exposed to the interior of a room or other enclosare so that in the

event of a fire, the pressure tube 104 1 gxposed o heat from the fire.
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CLAIMS 1. A fire protection and signaling system for a transportable unit having an enclosed area and
a hazard area located within the enclosed area, comprising: a pressure tube adapted to be disposed
within the h¥839 B8 bifthe transportable unit and adapted to have an intethAlHr&dd(M56herein 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 adapted to be disposed within the hazard area of the
transportable unit and adapted to be connected to the pressure tube, wherein the pressure vessel is
configured to contain a fitb*8{ippre ks ARt S aRpISYMent Vane s dpted o' be Esudled5étiEdn the
pressure tube and the pressure vessel, wherein thle,depl /ment valve | 'ag, oted to receive the
Pneumatic signal and ralbSRE R A SLISHIHSERT URGHELAIEN S tHe pREURACE SEHAT 4 Higgering

system adapted to be dispp_sed. _{tpjn th[e_haziatrd area of the fransg or,tjalple unit and. aqa ¢ te_&i to be
1S RIST suatly conlignred 10 deliver a Cottol malenigl ) arcas wheie a fazary |
connected to the pressure tube, wherein: the triggering system is configured to generate a trigger

signal in response to may oecur {412}, such as within the enclosure.

{0041} When a hazard occars, the hazard detection system 105 may detect the
hazard and activate the hazard control system H)0. 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 4 pueamatc signal (420).
In addition, a sensor, such as a smoke detector, may sense smoke or another
refevant hazard indicator (416} and activate the hazard control system 100 o
open the pressure control valve 112, hikewise releasing the pressure in the
pressure tube 104 and generating the pneumatic signal. Further, the signal may
be generated by other systems, such as an external system or the manuval 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 1s dispensed through the
delivery system mto the hazard area 306 (424), thus tending to control the

hazard. The signal material may transmutted to other systems, such as fue

system control unit 109 {(426) and/or the supplementary pressure switch 302

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

the nvention and its best mode and are not mtended to otherwise Himat the
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the pneumatic signal; and wherein the trigger signal is for transmission to an area outside of the
hazard area of the transportable unit. 2. A fire protection and signaling system according to claim 1,
further compYRiHY Ha&ldvery system adapted to be connected to the deploytfdEAAEL 4 Hdrein the
delivery system is configured to deliver the fire suppressant to the hazard area. 3. A fire protection and
signaling system according to claim 2, wherein the delivery system comprises: a hose adapted to be
coupled to the deployment valve and configured to route the fire suppressant from the pressure vessel
to a predetermined locatiSRWthiFFtRE Ha ARICAHER, HriivaiozzIb $ddptet B pekeotipheertt the hose
and adapted to eject the fire suppressant from the hose into the hazard area. 4, A fire protection and
signaling system accord’l‘ﬁa:f{%“c%f% PN ‘jél%‘H“f—he"i’t’?ﬂ&‘é?ogrgﬁéelp@b‘fﬂ%?iség'a(’s(ilbgﬁalfﬁ‘{]étﬁig‘f‘érial for

ejection out from the hagard area. p. A\ME,PrARCHON ANdSIORAIINGSYRISM aFGRrding,fo Glaim 4.
wherein the triggering syétem comprises: ’
connecting lings shown in the vanous fgures are imtended to reprosent
exemplary functional relationships andfor physical cooplings between the
various elements. Many alternative or addiiona] functional relationships or
physical connections may be present in a practical system.

{0044] The mvention has been desertbed with reference to specific exenmplary
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 included within the scope of the
present invention.  Accordingly, the scope of the invention 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 method or process embodiment may be executed in any
order, unless otherwise expressly specified, and are not linuted to the explicit
order presented in the specific examples. Additionally, the components andéor
clements recited in any apparatus embodiment may be assembled or otherwise
operationally confligwred i a variety of permutations to produce substantially
the same result as the present invention and are accordingly not fimited to the
specific configuration recited 1 the specific examples.

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

advantage, solation to problems or any element that may cause any particular
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a second pressure vessel adapted to be disposed within the hazard area of the transportable unit and
adapted to be connected to the pressure tube, wherein the second pressure vessel is configured to
contain the Y§nIAYThdterial; a trigger valve adapted to be coupled betwedt¢ THESBPeE8¢IEtube 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 firéPStetdioh AR SighAiing Sytei dcoriing i Em P RHRB PR prising: a
pressure control valve atg%gtggggubc( é:spcrl_gﬁqeq to.thy pressurt %g_b,e,_vyhe[ein the pressure control
valve is configured to: g s crinical, required or essential featares Or componems,
{00461 As used herein, the terms “comprises”, “comprising”, or any vaviation
thereof, are mtended io reference a nov-exclusive inclusion, such that a
process, method, article, composition or apparatus that comprises a list of
glemsents does not nclude only those elements recited, bat may also include
other elenients not expressly hsted or inherent 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 i 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 mtended to be
included within the scope of the present mvention, as expressed in the

following claiims.
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seal an end of the pressure tube opposite the deployment valve selectively unseal the end of the
pressure tube in response to a detection signal and change the internal pressure of the pressure tube
to generate the pneumatic signal; and a detector adapted to be coupled to the pressure control valve
and configured to generate the detection signal in response to a detection of a fire condition. 7. A fire
protection and signaling system according to claim 6, further comprising a housing, wherein the
housing is for containing at least a portion of the detector and the pressure control valve. 8. A fire
protection and signaling system according to claim 7. wherein: the housing has a hole defined
therethrough; and the pressure tube is adapted(’FWM&osal through the hole to couple to the pressure
control valve. 9. A method for protecting a hazard area against a fire condition and signaling a

secondary fie ool SYSISH, TRl

gl:g system for a transportable unit having an enclosed area
and a hazard area located within the enclosed area, comprising:

a pressure tube adapted to be disposed within the hazard 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 adapted to be disposed within the hazard area of the transportable
unit and adapted to be connected to the pressure tube, wherein the pressure
vessel is configured to contain a fire suppressant;

a deployment valve adapted to be coupled between the pressure tube and the
pressure vessel, wherein the deployment valve is adapted to receive the
pneumatic signal and release the fire suppressant upon receipt of the pneumatic
signal:

a triggering system adapted to be disposed within the hazard area of the
transportable unit and adapted to be connected to the pressure tube, wherein:

the triggering system is configured to generate a trigger signal in response to
the pneumatic signal; and
wherein the trigger signal is for transmission to an area outside of the hazard

area of the transportable unit.

2. A fire protection and signaling system according to claim 1, further comprising a delivery
system adapted to be connected to the deployment valve, wherein the delivery system is

configured to deliver the fire suppressant to the hazard area.

3. A fire protection and signaling system according to claim 2, wherein the delivery system

comprises:

a hose adapted to be coupled to the deployment valve and configured to route the
fire suppressant from the pressure vessel to a predetermined location within the

hazard area; and
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coupling a pressure 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 response to an exposure to the fire condition and change the internal pressure to generate a
pneumatic signal; coupling a deployment valve between the pressure 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 delivery system to the d.epl(%g\ent valve, wherein

the delivery system i€ CORFGRRERS 18 e S Kedda b e dnpprieierhiasiart Hiedrs R Me fire

condition; and coupling fadiiighe fiog: siystein kadie 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 S tt&efﬁ%%%[%ﬁrgnﬁoﬂgﬂlﬁxgsg%em according to claim 1, wherein the trigger signal

comprises a signaling material for ejection out from the hazard area.

5. A fire protection and signaling system according to claim 4, wherein the triggering
system comprises:

a second pressure vessel adapted to be disposed within the hazard area of the
transportable unit and adapted to be connected to the pressure tube, wherein the
second pressure vessel is configured to contain the signaling material;

a trigger valve adapted to be 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 second pressure vessel.

6. A fire protection and signaling system according to claim 1, further comprising:
a pressure control valve adapted to be 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 the end of the pressure tube in response to a detection
signal and change the internal pressure of the pressure tube to generate the
pneumatic signal; and
a detector adapted to be coupled to the pressure control valve and configured to

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

7. A fire protection and signaling system according to claim 6, further comprising a
housing, wherein the housing is for containing at least a portion of the detector and the

pressure control valve.
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10. A method according to claim 9, wherein 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 hazard area; and a nozzle coupled to the hose and adapted to eject
the fire suppressant from the hose into the hazard area. 11. A method according to claim 9, wherein
the triggering system comprises: a second pressure vessel 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 indide I PPEYSEINIBE TIRRERS DRLUMASEC SIS AP R VEE S 8bressurize the second
pressure vessel in regpdnssity the phelédatiaesignatiardgh; and

the pressure tube is adapted for disposal through the hole to couple to the pressure

control valve.

9. A method for protecting a hazard area against a fire condition and signaling a secondary
fire control system, comprising:
coupling a pressure 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 response to an exposure to the fire
condition and change the internal pressure to generate a pneumatic signal;
coupling a deployment valve between the pressure 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 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 the secondary fire control system.

10. A method according to claim 9, wherein 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
hazard area; and

a nozzle coupled to the hose and adapted to eject the fire suppressant from the hose

into the hazard area.
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release the signaling material from the second pressure vessel. 12. A method according to claim 11,
wherein transmitting the trigger signal comprises directing the released signaling material towards the
secondary fire control system.

11. A method according to claim 9, wherein the triggering system comprises:
a second pressure vessel 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

release the signaling material from the second pressure vessel.

12. A method according to claim 11, wherein transmitting the trigger signal comprises

directing the released signaling material towards the secondary fire control system.
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