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TENT COOPERATION TREATY (PCT) Tint: METHODS AND APPARATUS FOR HAZARD CONTRC
AND SIGNALING INVENTORS): WILLIAM A. ECKHOLM (PHOENIX, and MATTHEW SAM PSON
(PHOENIX, ARIZONA) CROSS-R:EFERENCESTO RELATED APPLICATIONS 10( This application is
a continuation-in-part. of U. S. Patent Application Seri a/ No. 12/172,148, filed on 'July 11, 2008, which
claims the benefit of U.S. Provisional Patent Application No 60/949,586, flied on July 13, 2007, and
incorporates the disclosure of each application in its entirety by reference. To the it that the present
disclosure conflicts with any eferenced application, however, the present disclosure is to be given
priority. BACKGROUND OF THE INVENTION [0002]Hazard control systems often comprise a smoke
detector, a control 



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 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 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 signal a secondary hazard detection system that an vent 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 100041A more complete understanding or 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 he figures. 100051Figure 1 is a block diagram of a hazard control system according to
MOUS aspects of the present invention; 



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 a process for controlling a bazar( and  [0009]Figure 5 representatively illustrates 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 according to1 rticular 



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
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
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, control materials. valves, and the like, which may :early out a variety of functions.
in addition, the present invention may be practiced in conjunction number of hazards, and the system
described is merely one exemplary application for the invention. Further, the present invent-ion 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 00 tar controlling a hazard according 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 a fire. The hazard control system 100 may thrther comprise a hazard detection system
105 Mr detecting one or 



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 control aterial to a hazard area 106 in response to the hazard detection system. 105.
[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 may be alTected by the hazard control system 100. 100141A control
material source 101 may comprise any appropriate source 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 fire extinguisham or
acid neutralizer. The vessel 102 may comprise any suitable system for storing and/or providing the
control material, such as a tank, pressurized bottle, reservoir, or other container. The vessel 1.02 may
be configured to withstand various operating conditions including temperature variations of up to 300
deuces Fahrenheit, vibration, and envi onmental pressure changes. The vessel 102 may comprise
various materials, shapes, dimensions, and coatings according to any appropriate criteria, such as
corrosion, cost, deformation, fracture, and/or the like. [0015]The vessel 102 and the control material
may be adapted according the particular hazard arid/or enviroinitent, For example, if the hazard control



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 levels when transmitted into the hazard area 106. As another example, if the hazard 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 configured to deliver the control material to the hazard area 106. The delivery
system 107 may comprise any appropria.te system tbr delivering the control material. in the present
embodiment:, the deliver) system 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 [001.7]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
deployment valve 103, which controls a deployment and/or flow rate of the control material through the
nozzle 108.. The deployment valve 10$ 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 1.08, 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 leaf valve. a non-return valve, a pilot valve, a piston valve, plug valve, a pneumatic
valve, a  rotary valve, and/or the like, In the present embodiment, the deployment valve 10 responds to
a signal, for xin a mien 1- signal from the hazard detection system 105, and controls delivery 01 the
xvia the nozzle 108 accordingly. 



[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 and generating a corresponding signal such as system for detecting smoke, heat, 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, mechanical signal, wireless signal, pneumatic signal, and the like. In the present
embodiment, the hazard signal comprises a pneumatic 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 1.05 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, r 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 pr - u in the pressure tube 104.
Referring again to Figure 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  the hazard
area 106. for example, the smoke detector 110 may be suitably adapted to activate a valve 112
connected to the pressure. tube 104 to cause the internal pressure of the pressure tube 104 to
change. 1002011In the present embodiment, the hazard detection system 10:5 generates the
pneumatic signal by changing pressure in the pressure tube 104, such as by releasing the pressure in
the pressure tube 104. The pressure tube 104 may be pressurized with a higher or lower internal
pressure than an. ambient pressure in the hazard area 106. Equalizing the internal pressure with the
ambient pressure gun tumatic hazard signal. The internal pressure may be achieved and sustained in
any suitable miner, for example by pressurizing and sealing the pressure tube, connecting the tribe to
an independent pressure source such as a compressor or pressure bottle, or connecting the pressure
tube 104 to the vessel 102 having a pressurized fluid and/or gas, Any fluid that may he configured to
transmit a change in pressure within the pressure tube 104 may be used. For example, a substantially
incompressible fluid such as a water-based fluid may be sensitive to changes in temperature and/or
changes in the internal volume of the pressure tube '104 sufficient to signal coupled. devices in
response to a change in pressure. As another example, a substantially inert fluid such as air,nitrogen,
or argon may be sensitive to changes in temperature and/or changes in the internal volume of the
pressure tube 104 sufficient to signal coupled devices in response to a change The pressure tube 104
may comprise appropriate materials, including Firetracelm detection tubing, aluminum. aluminum alloy,
cement, ceramic, copper, copper alloy, composites, iron. iron alloy, nickel, nickel alioy, organic
materials, polymer, titanium, titanium alloy, rubber, and/or the like. The pressure tube .104 may be
coatings according to desired design considerations such as corrosion cost, deformation fracture,
combinations., and/or the e like. 



[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 tube 04, for example due to actuation of the pressure control valve 11-2 Alternatively.
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 hazard condition, such as puncture, ruptureand/or 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 pressure, thus genentting the pneumatic signal.
0022]in addition, the hazard detection system 1.0.5 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 105. 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.         In one embodiment, other systems may control the pressure in
the pressure tube 104, such as via the pressure control valve 112. For example, the pressure control
valve 112 may be configured to affect pressure within the pressure tube 104 in response to signals
from another ent, such as the smoke detector 110. The affected pressure may be achieved by
configuring the valve 112 to selectively change the pressure within the pressure tube 104, substantially
equalize the pressure within the pressure tube 104 to outside the pressure tube 104, change the
temperature of the fluid within the pressure tube 104, and/or the like. For example, the. smoke detector
110 may cause the pressure control valve 112 to open upon detecting smoke, thus allowing the
pressure in the pressure tube .104 to escape and generate the pneumatic signal. [00241  The
pressure control valve 112 may comprise any suitable mechanism for controlling the pressure in the
pressure tube 104, such as a ball cock, ball valve a butterfly valve a check valve. 1 double check valve
a gate valve, a globe valve, a hydraulic yalve, a leaf valve, a non-return valve, a pilot valve, 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 11 [002.5j electromechanical system coupled to an independent power
source, such as a battery mple, the pressure control valve 112 may comprise a solenoid configured to
operate at between about 12 and 24 volts. The pressure control valve 112 ma,y be configured to
achieve various changes in pressure within the pressure tube 104 by varying the choice of materials,
dimensions, power consumption, and/or the like.       The 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 example, the hazard detection system 105 may be configured to detect various hazardous
conditions that may constitute trigger events. In the present embodiment, the smoke detector 110 may
detect conditions associated with tires. The smoke detector 110 may be replaced or supplemented
with detectors or miter hazards, such as sensors sensitive to icidence with selected substances,
radiation levels and/or frequencies, pressures, acoustic pressures, temperatures, tensile properties of
a coupled sacrificial element, id/or flu like. 



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 adapted to Operate solely from ba -ery power. In an alternative inbodimen the smoke 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 fbr a. single hazard cond. t o In this representativesmfinuration, the pressure tube 104
functions as the only detection systems for the hazard condition Alternatively, the hazard may 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 11.0
provide hazard control based on a multiple possible hazard conditions. In addition, the pressure tube
1.04 and smoke detector 110 may be configured to provide hazard detection. in response to partially
coextensive hazard conditions.. In this 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 input hazard conditions for other hazard conditions. Given the multiplicity
of combinations of tire conditions, these examples are illu.stmtive rather than exhaustive. [0027]  The
smoke detector 110 and the pressure control valve 112 may be configured in any suitable manner to
facilitate communication and/or deployment. For example. in one embodiment, the smoke detector 110
may include a wireless transmitter and the pressure control valve 112 may include a wireless receiver
to receive wireless control signals from the smoke detector  110, which facilitates remote p acemem of
the smoke detector 110 relative the pressure control valve 112. Alternatively, the smoke detector 110,
pressure COntrOl valve 112. and/or other elements of the hazard detection system may be connected
by hardwire connections. infrared signals. acoustic signals, and the like. [0028]Referring to Figure 3,
the smoke detector 110 and pressure control valve 112 may be at least partially disposed within a
housing 400 to form a single unit. The housing 400 may he configured to facilitate installation and
power supply to the smoke detector 110 and the pressure control valve 112. For example. the housing
400 may include an area for housing the smoke detector 110, such as a. conventional housing, having
slot- or other exposure permitting the smoke detector 110 to sense the ambient atmosphere. The
housing 400 may further include an area for the pressure control valve 11 2, which may be connected
to the smoke detector 110 to receive signals from the smoke detector 110. [0029]The housing 400
may further be configured to substantially 



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 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 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, and coatings according to various design considerations such as corrosion,
deldunation, fractthe like, The housing 400 may be configured to  WO
2012/054116PCT/US2011/045694 include emissive properties with respectambient conditions and
these properties may be achieved by including vents, holes, slats, pelmet membranes, semi-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 disassembled. into multiple sections 400A-C to facilitate installation intho
laintenance. [0030]in addition,housing 400 may be configured to provide power to the elements of the
system, such as the smoke detector 110 and the pressure control valve 112. The power urce maw
comprise any appropriate forms and source of power for the arious elements. For example. the power
source may include a main power 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 is. configured to provide power in the event of a failure of the main power source, and may
comprise any suitable source of power,such as one or more capacinirs, batteries, uninterruptible
power supplies, generators, solar cells, and/or the like. In the present entbodiment, the backup power
source includes two batteries 402, 404 disposed within the housing 400. The first battery 402 provides
backup power to 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 less reliable battery than the smoke detector .110. Thus, the valve
battery 404 may fail without disabling the backup power the smoke detector 110 supplied by the fire
detector battery 402. (00,,Referring again to Figure I. the hazard control system 100 may be 



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, disposed within. For example, the hazard control system 100 and the hazard area 106 I 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 suitable manner, for example to initiate an slant,  introl the operation of the hazard
control system 100, automatically notify emergency services, and/or the like. [0032]Referring now to
Figure 5, the hazard control system 100 may further comprise a triggering system 500 configured to be
responsive to the pneumatic signal generated by the pressure 104 following a loss of pressure. The
triggering system. 500 may be adapted in any suitable manner to activate, signal, notify, Or otherwise
comnunicate with the fire system control unit 109, such as remotely, electrically, and/or mechanically.
The triggering system 500 may also be adapted to provide a signal suitable to the method of operation
of the fire system control unit 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 the pressure tube 104. 'Hie trigaer 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 to be
released. The fire system control unit 109 may sense the release of the signal material and respond
actordingly, such as by activating an audible alarm, sending a signal to a monitored control panel,
communicating with emergency services, or activating a secondary fire suppressant system.
[0033]The signal material may comprise any suitable substance, such as an           aerosol, colored
particles, smoke, and/or afire Suppressant agent lkn example, in one embodiment, the -i rial may
comprise compressed ni. rogen contained within the pressure vessel 502 under a pre-determined
pressure such that it forms a dissipating cloud upon release. in another embodiment, the signal
material may comprise 4 powdered term of heavier than air particulate latter that forms a cloud upon
release but ub-equently falls out of suspension in the air. [0 34]in another embodiment, the tnggennr'
syst'm 500 may comprise a communication. interface connected to a remote control unit to signal the
fire system control unit 109 in response to a. detected fire condition. For example, the triggering
system 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 system 100 may also be configured to respond to signals from the tare system control
unit 109, for example to provide stams indicators for the hazard control system 100 and/or remotely
activate the hazard control system 100. 



[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 manually activating the hazard control system. Referring again to Figure 2., in one
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 valve 202 may be operated in any suitable ianner, such as manual
manipulation of the valve or in conjunction with an actuator, such as motor or the like. [003The manual
valve 202 may be located in any suitable, location, such as substantially outside of the hazard area
106 or within the hazard area 106. The manual valve 202 may be coupled to the vessel 102, pressure
tube 104, pressure control valve 112, and/or the like. For example, the manual valve 202 may be
configured for operation with the vessel 102 such that actuation, of the manual valve 202 directs
extinguishard to the nozzle 108. The manual valve 202 may be configured for operation with the
pressure tube 104 such that actuation of the manual valve 202 causes a change in pressure within the
pressure tube 104 sufficient to direct ex ham to 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 direct extinouishant to the nozzle 108, [0037]  The hazard control
system .100 may further comprise systems for providing additional responses in the event of a hazard
being detected such that the hazard control system 100 may initiate further responses in addition to
delivering the extinguish= in the event that a hazard is detected.. The hazard control system 100 may
be configured to prompt any appropriate response, such as alerting emergency personnel, sealing off
an area from unauthorized personnel, terminating or initiating ventilation of an area, deactivating
hazardous machinery, and/or the like. For example, the hazard control system 100 may comprise a
supplementary pressure switch 302. The supplementary pressure switch 302 may facilitate
transmitting information relating to changes in pressure Inn the pressure tube 104 to external systems,
such as by  generating an electrical signal mechanical signal, and/or other suitable signal in response
to a pressure change within the coupled pressure tube 104.  [0038] In one embed nen the
supplementary pressure switch 302 may be coupled to maehutery in the vicinity of the hazard area.
106 to cut pc ier or fuel supply to the machinery in the event that the supplementary pressure switch
302 produces a signal indicating a hazard Londition as detected by the hazard control system 1.00. 



[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, and/or supplementary pressure switches 302. For example, the hazard control sy. 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 applied at different times. As another example, the hazard control system 100 may
be configured to include more than one pressure tube 104 coupled to a single nozzle 108 and hazard
detector 110. Mr example to provide multiple paths for delivering the extinguishant, or to draw different
extimmishants in response to di Threut fire conditions. Given the multiplicity otcombmahons of
elements, these examples are illustrative rather than exhaustive. [0040]Referring to Figure 4, in
operation, the hazard control system 100 is initially configured such that the hazard detection system
105 may sense relevant indicators of hazard conditions (410). For example, the pressure tube 104
may be exposed to the interior of a. room or other enclosure so that in the event of a fire, the pressure
tube 1.04 is exposed to heat from the tire. Likewise, relevant sensors, such as the smoke detector 1
lO, may be positioned to sense relevant phenomena should a hazard occur. The delivery system 107
is also suitably configured to deliver a control material to areas where a hazard may occur (412) such
as within the enclosure,a [0041]When a hazard occurs, the hazard detection system 105 may detect
the hazard. and activate the hazard control system 100. For example, the heat of a  tire may degrade
the pressure tube 104 (414), causing the interior pressure of the pressure tube 104 to be released,
thus generating a pneumatic signal (420). To addition,a. sensor, such as a smoke detector,may' sense
smoke or another relevant hazard indicator (4.16) 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 pneumatic signal. -Further, the signal may be generated by other system.s, such as an
external system or the manual valve 202 (418). 



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 delivery system into the hazard area 506 (424), thus tending to control the hazard. 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 embodiments of apparatus tor controlling a hazard as described above. The particular
implementations shown and described are illustrative of the invention and its best mode and are not
intended to otherwise hunt the  scope of the present invention in any way. Indeed, for the sake of
brevity, conventional iminufacturing, Connection, preparation, and other functional ccnay not be
described in detail. Furthermore, the connecting lines shown in the vanous .{wnres are intended to
represent exemplary functional relationships andlor physical couplings between the various elements.
Many alternative or additional functional relationships or physical connections may be present practical
system.        The invention has been described with reference specific exemplary embodiments.
Various modifications and chances., however, may be 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 their legal. equivalents rather than by merely the specific examples described 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 limited to the explicit order presented. in the specific
examples. Additionally, the components andtor elements recited in any apparatus embodiment may be
assembled or othenvise operationally configured in a variety of permutations to produce substantially
the same result as the present invention and are accordingly not limited, to the specific configuration
recited in the specific examples.        Benefits, other advantages and solutions to problems have been
described above with regrud to particular nibodiments; however, any benefit, advantage, solution to
problems or any element that may cause any particular 



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 intended to reference a non-exclusive inclusion, such that a process, method, article,
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, proportions, elements, materials or components used in the practice of the
present invention, in addition to those not specifically recited, may be vaned or otherwise particularly
adapted to specific environments, manufacturing specifications, design parameters or other operating
requirements without departing from the general principles of the same.            The present invention
has been described above with reference to a preferred. embodiment. However changes aid
modifications  1mw be made to the preferred embodiment without departing from the scope of the
present invention. These and other changes or modifications are intended to be included within the
scope of the present invention, as expressed in the  -las.  



[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 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 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 pressure vessel, wherein the valve is adapted to receive the pneumatic signal
and release the fire suppressant upon receipt of the pneumatic 10signal: 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.
15[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 20valve 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 25the 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 30the
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.
[0052] The fire protection and 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 5change 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, 10wherein 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 20response 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 25delivery 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  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. [0057] In this
method, the triggering system may comprise: a second pressure vessel 5disposed connected to the
pressure tube and is configured to contain a signaling 
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������ 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 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. 

 

������ 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. 

 

������ 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. 

 

������ 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. 

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 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 
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����	� The fire protection and 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 

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. 

 

����
� The fire protection and signalling system may further comprise a housing, 

wherein the housing contains at least a portion of the detector and the pressure control ���

valve. 

 

������ 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. 

 ���

������ 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 

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 

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. 

 ���

������ 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 

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 valve and configured to route 
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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. 

 

������ In this method, the triggering system may comprise: a second pressure vessel 

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 

signaling material from the pressure vessel. ���

 

������ In the method, transmitting the trigger signal may comprise directing the 

released signaling material towards the secondary fire control system.

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 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; 
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 CLAIMS 

 

1.  A fire protection system, comprising: 

a suppressant system; 

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 

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; 

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 

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 

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 

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. 

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 
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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. 

���


