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BACKGROUND OF INVENTION

Fire suppression systems are commen in many of today’s structures and
to some extent I many vehicles. The type of system used 13 often dependent on
the application andéor the type of hazard that is to be addressed. Some fire
suppression systems also mcorporate redundancy to protect against system
fatlure. However, redundant systems are often merely just an ingrease i one or
more of the same components in a system. The reasoning for this s that the
probabifity of both systems failing simultancoosly 15 pweh less than the
probabifity of fatlure for a single system.,  However, redundant systems
comprising muitiple system components can add cost and each system may be
subject to the same type of faare mode.

Redundancy in five suppression systems has also been accomplished by
combining systems that operate independently of each other. For example, an
electrically controlled system may be backed up by a pneumatic system that 18
not subject to electrical faiture. Although potentially better in some applications,
redondancy performed n this manner results in two different active systems

which can also increase cost and complexity.
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SUMMARY OF THE INVENTION
Methods and apparvatus for passive non-glectrical dual stage five
suppression according to various aspects of the present mvention include
detecting a fire with a first active fire suppressant umit and changing the status of
a second fire suppressant unit from “stand-by” to “achive”™ when the first fire
suppressant unit releases a five suppressant agent. After the fivst five suppressant
unit has released i3 fire suppressant agent, the second fire suppressant wnit may

detect a continued andfor a new fire and release a second fire suppressant agent

in response to the detection.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention may be dertved
by referring to the detailed description and clanms when considered in
connection with the following llustrative figures. In the following figures, like
reference numbers refer to similar elements and steps throughout the figures.

Figure 1 representatively illustrates a fire suppression system in
accordance with an exemplary emabodiment of the present myvention;

Figure 2 representatively iflustrates a piston cvlinder and a gas cartridge;
and

Figure 3 representatively iflustrates a flow chart Hlustrating a method for
defivering the fivst and second fire suppressants in accordance with an exemplary

embodinment of the present mvention,
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Flements and steps o the Ggures are ilusirated for simplicity and clarity
and have not necessanly been rendered according to any particelar sequence.
For example, steps that may be performed concarrently or in different order are
ilustrated i the figures to help o improve understanding of embodiments of the

present nvention.

DETAHLED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The present vention may be described herein in termis 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 tunctions and achieve the various results. For example,
the preseut mvention may employ vartous housings, panels, connectors, sensors,
and the like, which may carry out a variety of functions. In addition, the present
mvention may be practiced in conjunction with any number of structures,
buildings, containers, and/or vehicles such as trucks, fixed wing atrcraft, and
rotorerafy, and the system described is nrerely one exemplary application tor the
mvention.  Further, the present invention may employ any number of
conventional techniques for suppressing fire, sensing environmental conditions,
and the like,

Methods and apparatus for passive non-electtical dual stage fire
suppression system according to various aspects of the present investion may
operate v conjunction with any suitable mobile and/or stationary applhication.
Various representative implementations of the present invention may be applied

tey any systern {or suppressing fives. Certain representative implementations may
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melude, for example, buildings, velucles, cargo bays, fuel tanks, andior storage
tanks.

Referring to Figure 1, i one embodiment, methods and apparatus for a
passive nog-electrical dual stage five suppression system 100 may comprise a
fivst five sappression unit 102 configured to release a first fire suppressant agent.
The first suppression unit 102 may also be configured to generate a signal upon
refease of the first suppressant agent for causing a second fire suppression anit
104 to change from a standby state to an active state. The first five suppression
art 102 may also be coupled to the second fire suppression unit 104 by a hink
112 adapted to transnut the signal generated by the first fire sappression unit 102
to the second fire suppression unit 104,

The first and second fire suppression units 102, 104 may be located i an
area where protection from a fire 15 desired.  The first and sccond fire
suppression units 102, 104 may comprise any suitable system for suppressing a
developing and/or existing fire. For example. referring to Figure 1, in one
embodiment, the first fire suppression unit 102 may comprise a first bousing 106
for containing the first fire suppressant agent. The {irst {ire suppression anit 102
may further comprise a first fire detection unit 110 and 2 first valve 10¥
connected to the first housing 100, wherein the first valve 108 is responsive
the first fire detection umit 110, The first housing 106 may also be sutably
adapted to release the first fire suppression agent in response to the first fire
detection urut 110 sensing a fire and sabsequently activating the first valve 10&

Similarly, the second fire suppression wnt 104 may comprise a secongd

housing 114 containing a second fire suppression agent, a second valve 116, and
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a second fire detection unit 118, The second fire suppression unit 104 may be
beld i “standby™ mode wntil after the first five suppression anit 102 has been
activated and the first five suppression agent has been released.

The fust and second housings 106, 114 each contain a five suppression
agent until a fire is detected and the respective fire suppression agent is needed.
The first and second bousings 106, 114 may comprise any suitable system for
holding a volume of fire suppression agent such as a pressurized vessel, a
cyhinder, a tank, a bladder, and the like. The fivst and second housings 106, 114
may be suntably configured to contain a mass or volume of any suitable bazard
control material such as a liquid, gas, solid material, and/or combination of
materials, The first and second housings 106, 114 may also comprise any
suitable material for a given application such as metal, plastic. andéor composite
material. For example, each bousing 106, 114 may comprise a material adapred
to withstand temperatures associated with either direct or indirect exposure 0 a
fire.

The first and second housings 106, 114 may also be suitably adapted to
be pressurized greater than the swrounding environment.  For example, in one
embodiment, the first housing 106 may comprise a pressurized paeamatic bottle
that 15 formed from an appropriate metal and is suntably adapted to contain the
{irst fire suppression agent under pressure wntil the fire 1s detected and the fivst
valve 108 is activated. The second housing 114 may comprise a cylinder that is
anpressurized during a standby mode but is configured to be pressarized in

response to activation of the first valve 10K,
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fn one embodiment, the first and second housings 106, 114 may be
configured to be pressurized up to about 360 pounds per square mch (psi). Ina
second embodiment, the first and second hoasings 106, 114 may be configured
to be pressusized up o about R00-830 psi. Alternatively, the first and second
housing 106, 114 may be configured to be pressarized at different levels. For
example, each housing 106, 114 may be adapted to be pressurized according to
the type of five suppression agent inside of each respective housing 106, 114, In
another embodiment, sach housing 106, 114 may be pressurized according to
factors such as the type of pressurizing gas used, the type of valve connected fo
the housing, and/or a desived release rate of the respective fire suppressant agent.

The first and second valves 108, 116 may help seal the respective fire
suppression agents m thewr respective housing 106, 114, The first and second
valves 108, 116 may also conirol the pressure inside of the housings 1006, 114
andfor control the release of the fire suppression agents. For example, the first
valve 108 may connect to the first housing 106 in such 2 manner as to maintain
the pressure mside of the first housing 106 and to prevent the release of the first
fire suppressant agent until the valve 10¥ is activated.

The first and second valves 108, 116 may comprise any suitable system
for maintaining the volumes of first and second fire suppression agents and for
refeasing the velomes wpon demand. For example, the valves 108, 116 may
comprise any suitable type of valve such as a ball valve, gate valve, pressure
differential valve or burst disc tvpe valve, and the like. For example, i one
embodinment, the first valve 108 mav compnise a sealing element fitted fo the

first housing 106 that 15 adapted to be punctured or otherwise compromised to
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cause the first howsing 106 to depressurize, allowing the furst five sappressant
agent to escape. The first and second valves 108, 116 may also be responsive to
a signal from the first and second fire detectipn wmits 110, 118 and be sustably
adapted to activale i response o the signal.

The first and second valves 108, 116 may also be configared to operate
by any suitable method sach as poewmatically, wechanically, and/or the like.
For example, v one embodiveent, the first valve 108 may comprise a pressuve
differential valve that is held n a closed position by a larger force applied to the
top of the piston than the bottam dae to a larger surface area on top of the piston
than on the bottom. A change in pressure on one side of the pressure differential
valve may result in the piston moving from a closed position 0 an open position,

therchy allowing the first fire suppression agent in the first housing 106 to be

The first and second valves 108, 116 may also be configured to operate
mdivideally from each other.  For example, the first valve 108 may be
contigured to release the first fire suppression agent when activated and the
second valve 116 may be configured to pressurize and seal the second housing
114 upon activation of the first valve 10%.

Referring gow to the first fire suppression unit 102, once the first valyve
108 has been activated, the volume of the first fire suppression agent may be
delivered in any suitable manner 1o combat the fire. For example, the first valve
108 may be configured to control the release of and/or the rate of release of the
first fire suppressant agent by being suitably configuved to selectively control the

magner m which the first fire suppressant agent 13 allowed to exit the first
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housing 106, {n one embodiment, the first valve 108 may comprise a selectively
sized opening that is configured to release a predetermined mass flow rate of the
first five sappresaion agent. The rate of release of the first five suppression agent
may be dependent on any suitable factor such as a given application, msallation
ocation, type of fire suppressant agent, and/or may be related to the pressure
within the first bousing 106.

[6022] For example, wn one embodiment, the first valve 108 may have an
opening of a size suitable to allow substantially mstant depressurization the first
housing 106. The substantially instant depressurization may deliver the fivst five
suppression agent to a surrounding environment over a relatively short peviod of
time, such ag, on the order of 0.1 seconds. In another embodiment, the firgt
valve 108 may be configured to have an opening allowing the first housing 106
to depressurize over a longer period of ime, such as about sixty seconds, thereby
extending the wmount of time that the first fire suppressant agent is released into
the surrounding environment. In yet another embodiment, the rate at which the
first valve 108 releases the first fire suppression agent may depend in part on the
mitial pressure differential between the pressure inside of the ficst housing 106
and a surrounding ambient environment,

[0023] The first vabve 108 may also provide a signal upon activation that is may
be used to cause a pressurization of the second fire suppression unit 1M, The
first valve 108 may create the stgnal by any suitable method. For exanyple, in
ong embodiment, the first valve 108 may be suttably configured to route a
portion of the released pressure from the first housing 106 o the second fire

suppression uiit 104 threasgh the Hnk 112



WO 2012/012079 PCT/US2011/041583

[0024]

[0025]

Referring now to the second five suppression unit 14, the second valve
116 may be configured to activate m response to receiving the signal from the
ok 1120 Activation of the second valve 116 may also alter the state of the
second fire suppression umit 104 from a standby mode to an active mode. For
example, the second valve 116 may be suitably configured to pressurize the
second housing 114 to then maintain the second fire suppressant agent under a
higher pressure than before the activation of the second valve 116, The second
valve 116 may also be configured to release the then presaurized sccond fire
suppressant agent by any switable method after a five s detected by the second
fire detection wmt 18, In owe embodiment, the second valve 116 may be
configured to regolate the release of the second fire suppressant agent in a
similar manner as that used by the first valve 108, In another embodiment, the
second valve 116 may be configured to control the release of the second fire
suppressant agemt in a manner appropriate for the type of fire suppressant agent
held within the second housing 114,

The second valve may alse be configured to pressurize the second

housing 114 by any suitable methed such as injecting a gas into the second

housing 114 or compressing an existing gas within the second housing 114 to a

td

higher pressare.  Referring now to Figure 2. i one embodiment, the second
valve 116 may further comprise a pressure vessel 202, such as a pressurized gas
cartridge, and a piston 204 configured to rupture the pressare vessel 202 in
response 1o the signal received from the ok 112 causing a pressunized gas to

enter the second housing 114,
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fn another embodiment, the second valve 116 may further comprise 3
piston, a pancture pin, and a burst dise.  For example, the piston may be
configured to move m response to an apphed force on the piston from the
portion of the pressure discharged from the tiest howsing 106, The movement of
the piston may cause the pancture pin to puncture the burst disc. Once the burst
disc has been compromused, a gas contamed within the burst disc may he
refeased into the second housing 114 thereby pressurizing it

The first and second fire detection umits 116, 1R sepse the fire and
activate their respective valve asservbbes. The first and second fire detection
units 110, 118 may also act as a delivery system for the respective fire
stppresston agents contained within the housing.  The first and second fire
detection umits 110, 118 may individually comprise any suitable system for
detecting a fire such as an infrared detector, a shock sensor, a thermocouple, a
pressure gauge, a temperature sensitive clement, or a hinear pneumatic heat
sensor. The fire detection units 10, 118 may also be configured of any suitable
material such as metal, plastic, or a polymer. The fire detection unitg 110, 118
may also be suitably adapted to withstand elevated temperatures andfor prossures
up to a predeternuned level. Referring again to Figure 1, o one embodiment, the
first fire detection unit 110 may comprise a heat sensitive pressare tube that is
suitably configured to provide a conduit path for the first fire suppressant agent
from the first housing 106 to the location where the fire has been detected.

The pressure tube may be configared such that the integrity of the tube i
compromised when the pressoare tube is subjected to elevated femperatures

associated with a fire. For example, the pressure tube may comprise a material

10
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that 13 adapted to degrade andfor rupture when subjected to elevated
temperatares. The pressare tube may also be pressurized and/or be configered to
withstand pressures of up to 800 pst. For example, in one embodiment, the
pressure tabe may compsise a plastic pressurized tabe, wherein the plastic s
adapted to rupture and depressurize in response to an apphed heat {oad such as
direct exposure 1o a fire.

Referring agaiu to the first fire suppression unit 102, the pressure tube of
the first fire detection unit 110 may comprise a pressurized length of tubing
sealed on one end and connected to the first valve 108 on the other end. The
pressure tube may be held at the same pressure ag the pressure inside the first
housing 106 or it may be held at some other pressure and be configured to
rupture and/or burst when subjected to a predetermined temperature andfor divect
gxposure to flames,  Once the integrity of the presswre tube has been
compromised, the change 1n pressure of the pressure tube may cause the first
valve 108 to activate and begin releasing the first fire suppressant material
through the first fire detection unit 110 to the location where the rupture
pecurred.  The presswre fube of the second fire detection unit 112 may be
configured in the same manner as the pressure tube of the first fire detection unit
116,

in another embodiment, the prossure tubes of the first and second fire
suppression units 102, 104 may comprise 3 pressurized length of tubing sealed
on one end and connected to the vespective first or second valve 108, 116 ob the
other end and be filled with a gas held at a first pressure. The pressure tubes

may be configured to at least temporarily withstand elevated temperatuzes such

11



WO 2012/012079 PCT/US2011/041583

[0031]

that 1f one or both of the pressure tubes are subjected to increased temperatures
the pressure of the gas inside the respective pressure tube 1s increased. The first
and second valves 168, 116 may be coafigured to activale i response to the
pressure of the gas exceeding a predetermuned threshold, Upon activation of one
of the valves 108, 116, the respective fire sappressant material may be roated
through the pressure tube and released by any seitable method sach as through
one or more nozzles comected to the pressure tubes, through scoved sections in
the pressure tohes configured to open andfor ruptore in response to the thresheld
pressure, or through an opening in the pressure tobes resulting from divect
exposure to an open flame.

The fust and second fire detection wnits 110, 118 may be substanually
co-focated such that a five may cause each pressure tube 10 rupture prior 1o the
activation of the first valve 108, Although the pressure tube of the second fire
detection unit 118 may be ruptured prior to the activation of the second valve
and/or the pressunization of the second housing 14, the second fire suppressant
agent may not be released unnl after the second housing 114 has been
pressurized. This may be due to the type of fire suppressant agent contained
within the second housing 114. For example, a dry powder fire suppressant
agent may remain within the second housing 114 despite a ruptured pressure
tube in the second fire detection unmit 118 because there is no active force or
pressure acting on the dry powder to distwh 1t from the second housing 114
However, upon an increase In pressure to the second housing 114, the dry
powder way be mixed hto the imcoming pressurized gas and be carried with the

gas as 1t moves towards the location of the rupture in the pressure tube.

12
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The lmk 112 transmits the signal generated by the first fire suppression
unit 102 to the second five suppression wmit 104, The tink 112 may comprise any
suitable system fov transmitting a signal such as a posumatic tube or a
mechamical Hnkage. The link 112 may also comprise any suitable matenial such
as metal, polvmer, andfor a composite material that i adapted to withstand
elevated temperatures associated with proximity to a fire and/or direct exposare
to flames. For example, the link 112 may comprise a material that can withstand
temperatures greater than those tolerated by the fire detection wuts 110, 118
such that the tegrity of the link 112 18 maintained even after a pressure tube bas
ruptured.

For example, i one embodiment, the link 112 may comprise a length of
metallic tubing suitably configured to withstand pressurization with a gas andfor
a portion of the pressurized first fire suppression agent from the first fire
suppression winit 102, In one embodiment, the pressurized gas from the first fire
suppression unit 102 may enter the hnk 112 through a first end connected to the
first valve 108 and proceed through the length of the tube to a second end
connected to either the second valve 116 or the second fire suppression unit 104.
Once the pressurized gas reaches the second end of the link 112, it may be used
1o trigger andor change the state of the second fire sappression unit 104 fron a
standby state to an active state.

The dual-stage fire suppression svstem 100 may comprise ong or more
hazard control materials such as fire suppressants, caustic neutralizing agents,
and/for displacing gasses. The first and second fire suppressant agents may

comprise any suitable agent for suppressing andfor extingmshing a fire such ag

13
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dry powders, hquids, inert gages, granaiar natenials, and the ke, For exanple,
i one embodiment, the first fire suppressant agest may be suitably adapted for
trapsient events such as explosions or other rapid combustion events and the
second five suppressant agent smay comprise a five suppressant saitably adapted
to suppress latent fives or other less rapidly developimg fires.  In another
embodiment, the first and second hazard control materials way comprise the
sane materials,

The first and second fire suppressant agents may also be kept under
pressure or dispersed within a given volome.  For example, the first fire
suppressant agent may be substantially equally dispersed under pressure within
the first housing 106 while is second fire suppressant agent may be maintained
under substantially ambient pressure pntil after the activation of the second valve
116.

The manner in which each tire suppressant agent is mamntained prior to
the existence of a fire may also determine the types of fire suppressant agent that
may be contained within the first and second housings 106, 114, For example,
the alternating state of the second fire suppression unit 104 may require the vse
of a powder type fire suppressant agent as opposed to a liquid or pressarized gas.

In operation, a dual-stage fire suppression system 100 1s installed at keast
proximate #© a location deemed in need of fire protection. A first active fue
suppression unit s linked to a second standby fire suppression unit. Referring
now {o Figures 1 and 3, a first five suppression wnit 102 may comprise a fiest
housing 106, a Hrst valve 108, and a first fire detection anit 110, The first

housing 106 may contain a frst fire suppressant agent under a higher pressure

14
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refative to the swrounding ambient environment. I the first fire detection anit
116 detects a fire (302) the first valve is activated (304) causing the release of
the first five suppressant (306) from the first housing 106, The first five detection
unit 110 may also comprise a delivery system for the first fire suppressant agent,
For example, the first fire detection unit 110 may comprise a heat sensifive
pressure tube that achivates the first valve 108 in response to a depressurization
of the pressure tube caused by a vupturing of the pressure tube i at least oue
focation.  The released first fire suppressant agent may then be routed through
the fivst valve 108 1o the pressure tube such that the first five suppressant agent
exifs the pressure tube at the location of the raptuve(s).

The first valve 108 may also be configured to route a portion of the
relfeased pressurnized first fire suppressant agent through a link 112 to a second
valve 116 of the second fire suppression unit 104 (308). The routed first fire
suppressant agent may then caose the second valve 116 to activate causing the
second fire suppression unit 104 o pressurize a second housing 114 that contains
a second fire suppressant agent (310}

After the second housing 114 has been pressurized, the state of the
secemd  fire suppression ynit 104 may change from standby to active.
Subsequently, if a second fire detection unit 11¥ detects a fire (312} the second
valve 116 may be activated to effect the release of the second fire suppressant
agent (314} 2 simular manner as that of the first fire suppressant agent.

In the foregoing specification, the invention has been described with
refevence to specific exemplary embodiments.  Various modifications and

changes may be made, however, without departing from the scope of the present

15
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mvention as set forth in the claims. The specification and figures arve tHlustrative,
rather than restrictive, and modifications are mtended to be incliuded within the
scope of the present Invention. Accordingly, the scope of the invention should
be determined by the clains and their legal equivalents rather than by meraly the
examples described.

For example, the steps recited i any methad or process claims may be
gxecuted 1n any order and are not linuted to the specific order presented in the
claims.  Additionally, the components andfor elements recited in any apparatus
claims may be assembled or otherwise operationally configured in a vanety of
pernwtations and are accordingly not limited to the specific configuration recited
i the claims.

Benefits, other advantages and solutions to problems have been described
above with regard to particular embodiments; however, any benefit, advantage,
soluton to problem or any element that may cause any particular benetit,
advantage or solution to occur or to become more pronounced are not to be
construed as critical, required or essential features or components of any or all
the claims.

As used hereln, the terms “comprise”, “comprises”, “comprising”,
“having™, “including”, “includes™ or any variation thereof, are intended to
reference a nom-sxclusive inclusion, such that a process, method, article,
composition or apparatas that comprises a fist of elements does not include only
those elements recited, but muay also inclode other elements not expresaly fisted
or inherent {0 such process, methad, article, composition or apparatus.  Other

combinations  andfor  modifications  of  the above-described  structures,

16
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arrangements, applications, propostions, slements, materials or components usad
i the practice of the present imvention, in addition to those not specifically
recited, may be varied or otherwise particularly adapted to  specific
epvironments, nanufactering  specifications, design  parameters  or  other
operating requirements without departing from the general principles of the

Sanne.
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CLAIMS

1. A fire suppressant system for protecting a surrounding snvironment from a fire,
comprising:
a first five suppression unit comprising a first oyhinder containing a first fire
suppression agent; and
a second fire suppression anit comprising a second cylinder containing a second
fire suppression agent, wherein
each fire suppression unit is configured to utilize a pressure differential
between the respective cvlinder interior and the swrounding
environment to distribute the respective fire suppression agent;
the first evlinder is pressurized greater than the serrounding enviromment;
the first fire suppression unit generates a signal when the first fire
suppressant agent 18 released from the fivst cylinder; and
the second five suppression unit is responsive o the signal; and
a hink connecting the first fire suppression unit to the second fire suppression unit,
wherein the link is adapted to transmit the signal from the first fire suppression

unit to the second fire suppression anit.

2. A fire suppressant system according to claim 1, wherein the first fire suppresgion
wnit further comprises a valve connected between the first evlinder and the link,
wherein the valve is configured to:

maintain the pressure in the first cvlinder;
release the pressuge in the st ovinder to distnbute the fire suppression agent
when the valve 13 activated; and

route a portion of the released pressure to the link.

18
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3 A fire suppressant system according to claim 2, wherein the first five suppression
unit further comprises a fire detection device coupled to the valve and adapted 1o
detect the fire;
activate the valve in response to the detection of the fire; and

distribute the first tipe suppression agent.

4. A fire suppressant system according to claim 3, wherein:
the fire detection device comprises a heat sensitive element configured to rupture
in response to an applied heat load; and
the first fire sappression agent exits the fire detection device at the location of the

ruptare.

5. A fire suppressant system according to claim 4, wherein the heat sensitive element

comprises a pressure tube.

6. A fire suppressant system according to claim 3, wherein the fire detection device
comprises a tube pressurized with a gas, wherein the pressure of the gas increases n
response to a heat load applied to the tube and activates the valve if the pressure of

the gas exceeds a predeterniined threshold value.

7. A fire suppressant system according to claim 1, wherein the second fire suppression
gnit further conyprises:
a second valve congecting the second eyhinder (o the link; and
a second fire detection device coupled to the second valve and configured to detect
the five;
wherein:
the second valve pressurizes the second cylinder and the second fire
detection device in response to the transmitted signal; and
the second fire sappression agent 1s routed from the second cviinder
through the second valve to the second fire detection device after the
second cyhinder bas been pressurized and the second fire detection

device has detected the five.

19



WO 2012/012079 PCT/US2011/041583

10.

1L

A fire suppressant system according to claim 7, wherein the second valve further
comprises a sealed pressure vessel containing a compressed pas, wheremn the
pressure vessel is configured to release the compressed gas into the second cylinder
and the second fire detection unit in response to the transmitted signal to thereby

pressurize the second fire suppression unit.

A fire suppressant systemn according to claim R, wherein the pressure vessel

comprises at least one of a gas cartridee and a burst disc.

A fire suppressant system according 1o claim 8, wherein the second valve s further
configared to conywomise the integrity of the pressure vesse! to facilitate the release

of the compressed gas into the second oyvlinder.

A fire suppressant svstem according to claim 7, wheremn:
the second fire detecton device comprises a second heat sensitive element
configured to rupture 1n response to an applied heat foad; and
the second fire suppression agent sxits the second fire detection device at the

location of the rupture.

. & five suppressant system according to claim H, wherein the second beat sensitive

clement comprises a pressure tube.

A fire suppressant system according to claim 7, wherein the second fire detection

device comprites a second tube pressurized with a second gas, wherein the pressure
of the second gas increases in response to a heat load applied to the second tube and
activates the second valve if the pressure of the second gas exceeds a predetermined

threshold value

. A fire suppressant system according to claim 1, wherein the second fre suppression

agent comprises a powdered fire suppressant.

20
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13, A dual-stage fue control system {or a suppressing a five, comprising:

a first fire suppression agent;

a first housing containing the first fire suppression agent under pressure, wherein
the fist housing is contigured to generate a signal in response 0 a foss n
pressure;

a link coupled to the first housing and adapted to transmit the signal;

a valve contamning a compressed gas and coupled to the link, wherein the valve 1s
responsive 1o the signal and configured to release the compressed gas in
response to the transmitted signal;

a second housing coupled to the valve and adapted to be pressurized by the
refeased compressed gas: and

a second fire suppression agent contained within the second housing.

16. A dual-stage five control system according to claimy 15, wheremn the first housing
further comprises:
a second valve adapted to:

maintain the pressure of the first housing;

controllably release the first fire suppression agent upon activation of the
second valve; and

create the signal by routing a portion of the released first fire suppression
agent to the link; and

a fire detection device coupled to the second valve, wherein the fire detection

f[xh

device 1
configured to detect the fire and activate the second valve; and
adapted to provide the loss in pressure 1o the first bousing when the fire s

detected.

17. A dual-stage fire control system according to clum 16, wherein the fire detection
device comprises a heat sensitive pressure tube configured to ruptare in response to

an applied beat load from the fire and cause the loss in pressure.
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i9.

20.

21

22

. A dual-stage fire control system according to olaum 13, wherein the fink comprises a

tube configured to route the portion of the released first five suppression agent to the

first valve.

A dual-stage fire controf system according to claim 15, further comprising a second
fire detection device coupled to the first valve, whersin the second fire detection
device is contfigured to:

he pressurized by the released compressed gas; and

detect the fire through a loss of pressure to the second fire detection device.

A dual-stage firg control system according to claim 19, wherein the finst valve 18
further configured o rowte the pressurized second fire suppression agent to the

second fire detection device.

A duabstage fire control system according to claim 15, wherein the second fire

suppression agent comprises a powdered material.

. A method of controlling a fire in an environment comprising:

detecting the fire with a first fire defection system connected to a first valve
coupled to seal a pressurized cylinder containing a fivst five suppression agent
under pressure;

activating the first valve in response to the detecting of the five;

releasing the fisst fire suppression agent of the pressurizad oviinder i response o
the activation of the first valve:

routing a portion of the released pressure from the pressurized eyvhinder through the
first valve to a link connecting the first valve to a second valve coupled 1 a
second fire detection systern and a second cylinder containing a second fire
suppression agent;

activating the second valve;

pressurtzing the second oylinder and the second fire detection systens; and

releasing the second fire suppression agent in response to the second fire detection

system detecting the fire.
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23. A method of controlling a fire in an environment according to ¢laim 22, wherein
activating the second valve comprises:
atilizing the routed portion of the released pressure 1o COMpromise § pressure
vessel disposed within the second valve; and

24, A method of controlling a fire 1w an environment according to olaim 22, wherein
detecting the fire with the first fire detection svstem comprises:

creating a loss i pressure within the first fire detection system by rupturing 8 heat

sensitive pressute tube i response to an applied heat load to the pressure tube;

and

using the loss in pressure 10 activate the first valve.

25, A nrethod of controlling a fire in an environment according to claim 24, wherein the
first fire suppression agent i3 released through the ruptured heat sensitive pressure

tube.

26. A method of controlling a firg v an environment according to olaim 22, wherein
detecting the fire with the first fire detection system comprises:
sensing 3 threshold pressure within the first fire detection system, wherein the first
fire detection system comprises a pressure tube holding a gas at a first
pressure, wherein the first pressure ncreases in response to a heat load applied
to the pressure tube; and
using the increase in pressure to activate the first valve when the threshold

pressare is reached.

7. A method of controlling a {ire W an environment according to claim 20, wherein the
first fire suppression agent 18 routed to pressure tube when the first five suppression

agent 13 released.
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28 A method of controlling a fire in an environment according to claim 22, wherein
detecting the fire with the second five detection systemn comprises rupturing a second
heat sensitive pressure fube by applying a heat load to the second heat sensitive

pressure tube,

29, A methbod of controlling a fire in an environment according to claim 27, whergin the
second fire sappression agent 18 released throagh the ruptured second heat sensitive

pressure tuhe.

30. A method of controlling a fire in an environment according to claim 22, wherein
detecting the fire with the second fire detection system conprises:
sensing a threshold pressure within the second five detection svstem, wherein the
second fire detection systern comprises a pressure tube holding a gas at a first
pressure, wherein the first pressure mereases i response to an apphied heat
load to the pressure tube; and
using the mcrease in pressure o activate the second valve when ihe threshold

pressure is reached.

31. A method of controlling a fire in an epvironment according to claim 30, wherein the

econd fire suppression agent s routed to pressure tube when the second fire

bl

suppression agent 1s refeased.
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