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BACKGROUND OF INVENTION
Vehicles used in both ground and air operations may be subjected to
muitiple scenarios resalting in the outbreak of a fire on or in the vehicke. For
example, a nulitry aircraft operating i a congested urban environment may be
subjected to multiple forms of attack such as small arms fire, anti-aircraft artitlery,
and surface-to-air projectiles. Each of these energetic ballistic threats may breach
vehicle compartments such as a fuel tank causing a fire andfor an explosion.
Various methods and apparatus have been implemented to reduce the
fikelthood of fire or other hazardouws event resulting from a breach of a
coptainment system.  For exanysle, powder panels have been used a3 a non-
electric passive system fo protect against energetic ballistic threats.  In one
embodiment, these panels are designed to profect fuel tanks and their associated
dry bays from ballistically induced fire by providing fire suppression capabilities
at the point of ballistic impact. These systemns are effective at preventing
imstantaneous fires from occurring but are mach less effective against latent or

slow growth fires which may also resalt from the initial ballistic breach.
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SUMMARY OF THE INVENTION

Methods and apparvatus for a dual stage bazard suppression system

according to various aspects of the present invention include a housing containing
a first hazard control material that 1s configured to be located close to a hazard

source and a container containing a second hazard control material located at a
distance from the hazard source. The housing may be configured to release the
first hazard control material in response to a breach of the housing andior the
hazard source. The container may be configured for a timed release of the second
hazard control material in response to the release of the first hazard control
material. Alternatively, a sensor may be used to tigger the release of the second
hazard control material in response o a iriggering event separate from the initial

breach of the housing and/or the hazard source.

BRIEF DESCRIFTION OF THE DRAWINGS

A more conmplete understanding of the present invention may be derived
by referning to the detailed description and claims when considered in conngction
with the following iHustrative figures, In the following figures, like reference
numbers refer to similar elements and steps throughout the Gigures.

Figure 1 representatively iflusirates an exemplary embodiment of a passive
fire suppression systemy;

Figure 2 representatively iHlustrates cross-sectional view of a breach of a

hazard source and a hazard control system;
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Figure 3 representatively llustrates an exemplary embodiment of a dual

stage system configured to release a second fire suppressant mito an area

b=

s

surrounding a housing;

Figure 4 representatively illustrates a close-up view of the dual stage
system representatively itlustrated i Figure 3; and

Figure 5 representatively illustrates an exemplary embodiment of a dual
stage system configured to releass a second fire suppressant into 3 housing.

Elements and steps in the figures are Hustrated for simplicity and clarity
and have not necessarily been rendered according to any particular sequence. For
example, steps that may be performed concurrently or in different order are
itustrated in the figures to help to improve anderstanding of embodirsents of the

present ivention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The preseat invention may be deseribed herein in terms of functional block
components and various processing steps. Such functional blocks may be realized
by any number of hardware components configured to perform the specified
functions and achieve the various results, For example, the presesnt invention may
employ various housings, panels, connectors, sensors, and the hike, which may
carry out a variety of functions. In addition, the present inveation may be
practiced in conjunction with any number of hazardous contalners or vehicles
such asx trucks, fixed wing aircraft, and rotorcrafl, and the system described is

wmerely one exemplary application for the invention. Further, the present
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mvention may employ any number of conventional technigues for suppressing
fires or other hazardous conditions, sensing environmental conditions, and the
Hke.

Methods and apparatus for dual stage hazard suppression system according
to various aspects of the present invention may operate in conjunction with any
suitable  mobile andfor stationary  application. Various — reprosentative
mmplementations of the present invention may be applied to any system for
suppressing fires,  Certain representative implementations may  include, for
example, an aireraft fuel tank a fuel line, or g storage tank.

Referring to Figure 1, in one embodiment, methods and apparatus for a
dual-stage hazard suppression system 100 may comprise a first hazard control
system 102 configured to contain a first hazard control material 104, The furst
hazard control system 102 may at keast partially cover, enclose, andfor be located
immediately adjacent to & hazard source 106. The first hazard control systen 102
may be linked to a second hazard control system 108 containing a second hazard
control material through a diswribution system 110

The hazard source 106 contamns a hazardous or potentially hazardous
material such as fuel, chemicals, acids, and the like. The hazard source 106 may
comprise any suitable device for containing the hazardous material such as a tank,
a distribution lie, a container, or a delivery system such as a pump. The hazard
source 106 may also be disposed in any environment, location, or larger system
and need not be a Himited to a fixed position. For example, in one embodiment, the

hazard source 106 comprises a foel tank located in a moving vehicle such as &
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truck.  In another embodiment, the hazard source 106 may comprise a fuel ling
disposed between the fuel tank of an atreraft and the aireraft engine.

The hazard sowrce 106 may comprise any suitable material such as plastic,
metal, elastomer, polymer, or suitable composite material, and may or may not be
reinforced with additional materials such as armor plating. The hazard source 106
may also be configured in any suitable shape, size, or volume depending on a
particular application. For example, the hazard source 106 nway comprise a fuel
tine routed through and around various structures.  In another embodiment, the
hazard source 106 may comprise a fuel tank suitably configured to fit within a
particular nom-uniformily shaped volwme.  In vet another embodiment, the hazard
source 106 may comprise a sealed volume of a larger structure such as 4 wet wing.

The first hazard control system 102 may be disposed adjacent to the hazard
source 106 and be adapted to reduce the immediate dangers associated with
relesse of the hazard material resulting from a transient event such as an energetic
ballistic breach of a fuel tank. The first hazard control systent 102 may comprise
any suitable system for suppressing a hazardous event ovcwring substantially
simultansously with the release of a hazardous material such as a fire or explosion
resulting from a high energy breach of a fuel tank. For example, referting to
Figure 2, i one embodiment, the first hazard control system )2 mav comyprise a
substaatiatly hollow multi-walled housing, such as a powder panel 202, suitably
configured to cover at least a portion of a surface of the hazard souwrce 106 and
configured to contain a first fire suppressant 204, The powder panel 202 may be

suitably adapted to release the first fire suppressant 204 i response to a breach of
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the hazard source 106 and the powder panel 202 by a projectile following a
trajectory path 210.

Referring now to Figures 3-5, i a second representative embodiment, the
first hazard control system 102 may comprise & housing 302 configured to contain
the first fire suppressant 204, as shown in Figure 2, and be suitably configured to
substantially conform to and wrap around a multi-dimensional surface such as a
fuel line 306 or a fuel pump (not shown). The housing 302 may be further
contigured to release at least a portion of the fivst fire suppressant 204 in response
1o a breach of the housing 302 such as might oceur from a bullet, shrapuel, or
other projectife capable of breaching the fuel line 306 and causing a fire or
explosion, in a similar fashion to that shown in Figure 2. The housing 302 may be
configured to release the first fire suppressant in such a manner as to fill an areg or
volume significantly larger the size of the breach, such as a fuel bay or other
similar compartment 304,  Alternatively, the housing 302 may be suitably
configured to release first fire suppressant 204 into an area or volume substantially
local to the location of the breach.

The first hazard control svstemn 102 may also comprise anv suiable
material adapted to break, shatter, or otherwise comprontise the structaral integrity
of the first hazard control system 102 either focally or as a whole in response to a
breach. For example, in one embodiment the first hazard control system 102
material may comprise a rigid plastic suitably configured to rupture in an arca
surrounding the breach while leaving the rest of the first hazard control system

102 substantiaily intact. In a second embodiment, first hazard control system 102
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may comprise a housing defining an inner volume, wherein the housing s
comprised of multiple panels, each made of a different material and suitably
adapted for a particalar purpose such as more or less total breakage than the other
panels, In a third embodiment, the fivst hazard control system 102 may comprise,
i whole or in part, an acrylic material snitably configured to completely shatter in
response to a transient event applied to any portion of the acrylic material,

The first hazard control system 102 may further be configured to contain
the first hazard control material 104 under pressure relative to the swrrounding
eavironment and/or the hazard source 106, Alternatively, the first hazard control
system 102 may be configured to withstand an increase in internal pressure of up
to several hundred pounds per square inch (psi).  For example, in one
embodiment, the first hazard control system 102 may be configured to store the
first hazard control material 104 above a pressure of about thirteen to seventeen
pst but less than about 50 psi. In another embodiment, first hazard control system
102 may be suitably adapted to be scaled at a substantially ground level
atmospheric pressure but used i a lower pressure environment such as an
unpressurized compartiment of an aieraft operating above an altitude of about
15,000 feet.

The second hazard control svstem 108 utilizes a second hazard control
material to reduce the potential for a hazardous condition to develop after the first
hazard control material 104 has been released. The second hazard controf system
108 may comprise any suitable system for a controlled release hazard control

agent. For example, the second hazard control system 108 maay be responsive to a
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change in status of the first hazard control systems 102 and be switably adapted to
release the second hazard control material over a period of time in response to the
change in status,  Aberatively, the second hazard control system 108 may be
adapted to melease the second hazard control material in response o a signal
provided by a sensor.

Referring now to Figure 1, in one embodiment, the second hazard control
system 108 may comprise a container 116 containing the second hazard control
material. The container 116 may be connectively linked to the first hazard controt
system 102 by a distribution system 110 comprising a tube 114 andfor a sensor
112,

The container 116 contains the second hazard control material and may
comprise any suitable system for holding the second hazard control material such
as a pressurized vessel, a bladder, a duct, and the ke, The container 116 may be
suitably configured to contain a mass or volume of any suitable bazard control
wmaterial such as a liquid, gas, or solid material. The container 116 may also
comprise any suitable material for a given application such as metal, plastic, or
composite material.  For example, referring to Figurs 3, the container 116 may
comprise a pressurized pueumatic bottle 316,

The container 116 may be located near the first hazard control system 102
or positioned some distance away from the first hazard control systemy 102, For
example, referving to Figure 3, the pressurized pncumatic bottle 316 may be
located i the same bay area of a structure but separated from the housing 302 by

predetermined distance to reduce the likelthood of simultaneous damage to both
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the bhousing 202 and the pressurized poesnmatic bottle 316, In another
embodiment, the container 116 may be separated from the first hazard control
systemn 102 by a bulkhead, be contaned in a sepavate bav, or be positioned within
a damage tolerant enclosure.

The containgr 116 may also be snitably configured to contain the second
hazard control material under pressure.  For example, in one embodiment, the
container 116 may hold the second hazard control material at a pressure of up o
about 360 pounds per square inch (psi), In a second embodiment, the container
116 may be configured to house the second hazard control material at a pressure
of up to sbout 800-850 psi. In a third embodiment, the container 116 may be
configured to hold the second hazard control material at a pressure substantially
egual to the pressure of the first hazard control svstem 102,

The container 116 may alse comprise 3 valve conunecting the distribution
system 110 to second hazard control material within the container 116. The valve
may alse control the release ofl or rate of release of, the second hazard control
material.  The valve may comprisg any suitable system for maintaining the
pressurized volume of hazard control material and for releasing that vohume upon
demand. For example, the valve may comprise a seal between the second hazard
coptrol material and the tube 114 of the distribution systemy 110, The valve may
be responsive to a signal from the sensor 112 and be suitably adapted to break,
open, or otherwise remove the seal in response to a signal from the sensor 112,
Onee the seal has been broken the entire volume of the second hazard control

material may be released to the distribution system 110,
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In another embodiment, the valve may be suitably configured to control
the rate of release of the second hazard control matenial.  For exanple, the valve
may comprise a selectively activated opening such as a ball or gate valve that 1s
configured to release a predetermined mass flow rate of hazard control material.
The rate of release may be dependent on a given application or focation and may
be related to the pressure within the container 116 relative to the ambient pressure
in the first hazard control system or the surrounding environment.

The valve may also be configured to release the second hazard control
material over a specific period of time. For example, the valve may be sized such
that a total release of the second hazard control material occurs over a period of
about sixty seconds. Alternatively, the valve may be suitably adapted to release
the sscond hazard control material over a relatively short period of time such as
(.1 seconds. The valve may also be configured to sustain a constant level of the
second hazard control in a given volume based on signals from the sensor 112,

The distribusion svstem 110 delivers the second hazard control material
after the second hazard control system 108 has been activated. The distribution
system 110 may comprise any switable svstem for delivering a hazard control
material such as a pneumatic tube, a pipe, a duct, a perforated hose, or 8 Spraver.
The distribution system 110 may also be configured to activate the second hazard
control system 108 in response to a predetermined event such as a breach of the
first hazard control system 102 or upon the sensing of a fire.

The digtribution system 110 may comprise a sensor 112 adapted to detect a

predetermined event and sebsequently activate the second hazard control system

10
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108 andfor provide an activation signal to the second hazard control system 108
The sensor 12 may conprise any suitable system for detection and signaling such
as an infrared detector, a shock sensor, a thenmocouople, & pressore gauge, or a
temperature sensitive element.

The distribution system 110 may further be configured with a hazard
control material delivery device such as a wbe 114 The twbe 114 may be
configured to provide a conduit path for the second hazard control material from
the second hazard control system 108 to the location where the second hazard
control material iy required.  For example, referring to Figure 5, in one
embodiment, the tube 114 may provide a conduit path from the pressurized
pneumatic bottle 316 to the ner volume of the housing 302 such that the second
hazard control materigl is deliversd at the location of the breached housing 302
over a sudMained period of time following the initial release of the first hazard
control material.  Referving now to Figure 4, in g second embodiment, the tube
114 may routed to an area surrounding the housing 302 such that the second
hazard control material is delivered to the swrrounding environment rather than
solely to the location of the breached housing 302,

The tube 114 may comprise any suitable material such as metal, plastic, or
polymer and may be suttably adapted to withstand elevated temperatures
associated with fires or exposure fo caustic chemicals. The tube 114 may also
comprise a material that i3 specifically adapted to not withstand elevated
temperatures. The tabe 114 may also be pressurized or be configured to withstand

pressures of up to 800 psi. For example, in one embodiment, the tube 114 may

11
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comprise a plastic pressurized tube, wherein the plastic is adapted to rupture or
otherwise break in response to an applied heat toad such as a fire.

The tuhe 114 may alse be configured to act as the seasor 112, For
example, i one embodiment, rupturing of the pressurized tube 114 nay trigger
the valve to release the second hazard control material. Alternatively, the tube
114 may be connected directly to the second hazard control material and held at a
pressure equivalent to that of the second hazard control material i such a manner
that a rapturing of the tube 114 causes the release of the second hazard control
material.

The tube 114 nuay also be responsive to a loss in pressure to the first
hazard control system 102, For example, veferring again to Figure 5, a pressurized
tube 114 may be coupled 1o the twer volume of the housing 302 such that the
pressure nside the tube 114 18 equal to that of the inner volume of the housing
302, Therefore, if the housing 302 were breached resulting in g loss of pressure to
the housing 302, the tube 114 would sense the loss of pressure and either trigger
the valve or otherwise affect the release of the second hazard control material.

In yet another embodiment, a sealed and pressunized tube 114 could be
routed over one or more surfaces of the first hazard control system 102 in such a
manner as to cause the tube 114 to be breached substantially simultaneously with
the first hazard control systent 102, The breached tube 114 may then experience a
foss In pressure causing an activation signal to the valve andfor second hazard

control system 108,

12
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The dual-stage hazard suppression system 100 may comprise one or more
hazard control materials such as fire suppressants, neutrglizing agents, or gasses.
For exaraple, one hazard control material may comprise a fire suppressant suitably
adapted for transicnt events such as explosions or other rapid combustion and a
second hazard control material may comprise a fire suppressant suitably adapted
to suppress latent fires or other less rapidly developing fives. Tn one embodiment,
the first hazard control material 104 may comprise a common dry chemical
suppressant such as ABC, BC, or D dry powder extinguishants.  In another
embodiment, the first hazard control material 104 may comprise 3§ suppressant
material further comprising additional chenuicals or compounds such as various
forms or combinations of luhium, sodium, potassiom, chloride, graphite,
acetviene, oxides, and magnetite.

The hazard control material may also be adapted o have more than a
single method of controlling the hazard. For example, the hazard control material
may comprise multiple elements or compounds, wherein each compound has a
different property such as being reactive or unreactive 1o heat, acting to deprive a
fire of oxygen, absorbing heat from the {fre, and/or transferting heat from the fire
to agother compound.

in another embodiment, the {irst and second hazard control materials may
comprise the same materials, different materials, sndfor differ in only respect to
the concentration of each. The first and second hazard control materials may also
be kept under pressure or dispersed within a given volume. For example,

referring to Figure 2, the first suppressant 204 may be substantially equalty

13
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digpersed throughout the housing 202 while the second fire suppressant is
maintained under pressure within the pnewmatic boitle 316,

Referring now to Figure 1, 10 operation, a first bazard control system 102
containing a first hazard control materigl 104 may be located adjacent 1o a hazard
source 106, The first hazard control system 102 may be connectively linked to a
second hazard control systern 108 through a dismibution system 110, The first
hazard control system 102 may be suitably adapted to supply the first hazard
control material 104 in response to a transient event such as a breach of the first
hazard control system 102 and fov the hazard source 106.

For example, referring to Figure 2, a powder panel 202 and the hazard
source 106 may be breached by a bigh energy ballistic projectile moving along a
trajectory 210, In response to the breach, the powder panel 202 releases a fivst fire
suppressant 204 to suppress a fire or explosion that might result due to the release
of a hazardous material from the hazard source 106, The powder panel 202 may
be configured to cause all of the first fire suppressant 1o be released substantially
simultaneousty with the ocourrence of the transient event.  Referring again to
Figure 1, following the breach, the distribution system 110 may sense the release
of the first hazard control material 104 and activate the second hazard coutrol
system 108,

A sensor 112 may be used to detect the breach, the release of the first
hazard control material 104, and/or a later developing hazard condition such as a
slow growth fire. For example, the sensor 112 may comprise a pressurg sensitive

element linked to an inger volume of the first hazard control system 102, The

14
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breach and/or subsequent velease of the first hazard control material 104 may
result in a loss of pressure to the tmoer volume. The sensor 112 may detect this
change w pressure and trigger the second bazard control systermy 108 to release the
second hazard control material through a tube 114,

Alternatively, the sensor 112 nwy comprise a sealed heat sensitive
pressure tube 114 connected to a valve on the second hazard control system 108
that iz adapted to rupture when subjected to & temperature gbove 3 specifie level.
For example, 1f the tube 114 was subjected to the heat associated with a fire, the
wibe 114 may rupture causing a loss in pressure to the valve thereby triggering the
release of the second hazard control material,

Referring now to Figure 3, the second hazard conwol system 108 may
comprise a pressurized preumatic bottle 316 that is suitably configured to hold the
second hazard control material under pressure.  For example, the second hazard
control system 108 may comprise g low pressure delivery system configured to
hold the second hazard control material at a pressure of less than about 360 psi
Alternatively, second hazard control system 108 may comprise a high pressare
delivery system suitably configured to hold the second hazard control material at s
pressure of up to about 850 psi.

When the second hazard control system 108 is activated the valve may
control the rate of release of the second hazard countrol material. The distribution
system may also control where the second hazard control material is delivered.
For example, referring to Figure 5, a loss in pressure of the housing 302 may

wigger the valve of the low pressure delivery system to open and relfease the

15
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second bazard control matertal into the laner volume of the housing 302 over a
period of about sixty seconds. Referring now to Figure 4, i a high pressure
delivery system, the valve may be configured o cause the release of the second
hazard control material through the tube 114 over a period of less than one second
such that an entire volume swrrounding the housing 302 may be filled with the
second hazard control material.

In the foregoing specification, the invention has been deseribed with
reference to specific exemplary embodiments. Various modifications and changes
may be made, however, without departing from the scope of the present invention
as set forth i the claims. The specification and figures are illustrative, rather than

restrictive, and modifications are ntended to be included within the scope of the

L

present invention.  Accordingly, the scope of the invention should be determined
by the claims and their legal equivalents rather than by merely the examples
described.

For exanple, the steps recited in any method or process clabms may be
execnted in any order and are not limited to the specific order presented in the
claims.  Additionally, the components andfor elementy recited in any apparatug
claims may be assembled or otherwise operationally configured in a variety of
permutations and are accordingly not himited 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,

solution to problem or any clement that may cause any particular benefit,

16
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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 herein, the terms “comprise”, “comprizes”, “comprising”,
“having”, “including”, “includes™ or any variation thereof, are intended to
reference a noneexclusive inclusion, such that a process, method, aticle,
compaosition or apparatug that comprises & list of clements does not include only
those elements recited, but may also include other elements not expressly listed or
mherent to such process, method, article, composition or apparatus.  Other
combinations  andfor  modifications  of  the  above-deseribed  structures,
armngements, applications, proportions, elements, materials or components used
in the practice of the present mvention, in addition to those not specifically
recited, may be varied or otherwise particularly adapted to specific euvironments,
manufactaring specifications, design parameters or other operating requirements

without departing from the general principles of the same.
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CLAIMS

1. A dual-stage fire suppressant system for protecting against instantaneous and slow
growth fires resulting from a breach of a potential fire source during a transient event,
comprising:
a first fire suppressant system, comprising:
a first fire suppressant; and
a housing configured to at least partially enclose the potential fire source, comprising:
a first wall; and
a second wall for connection to the first wall and for defining an inner volume;
and wherein the housing is configured to:
contain the first fire suppressant within the inner volume under a first
pressure; and
release the first fire suppressant in response to the breach of the
potential fire source and the housing during the transient event;
a second fire suppressant system configured to be responsively linked to the first fire
suppressant system, comprising:
a second fire suppressant; and
a container for positioning away from the housing and configured to contain
the second fire suppressant under a second pressure; and
a distribution system for connection to the container, wherein the distribution system
is adapted to:
provide a signal to the second fire suppressant system in response to a
predetermined event, the signal being for causing the second fire suppressant system
to release the second fire suppressant; and

route the released second fire suppressant from the container to the housing.

2. A dual-stage fire suppressant system according to claim 1, wherein at least one of the
first and second walls of the housing is configured to substantially conform to a surface of the

potential fire source.

3. A fire suppressant system according to claim 1, wherein:

the predetermined event comprises a loss in pressure of the housing; and

18



the distribution system further comprises a pressure sensor to be linked to the inner
volume of the housing and configured to provide the signal in response to the loss in pressure

of the housing.

4, A fire suppressant system according to claim 1, wherein the distribution system
further comprises a heat sensitive element configured to:

rupture in response to an applied heat load occurring after the transient event, the
rupturing of the heat sensitive element being the predetermined event; and

provide the signal in response to a rupture of the heat sensitive element.

5. A fire suppressant system according to claim 4, wherein:
the heat sensitive element comprises a pressure tube; and
the heat sensitive element is configured to generate the signal in response to a loss in

pressure of the pressure tube.
6. A fire suppressant system according to claim 1, wherein the distribution system
further comprises a sensor to be disposed across a surface area of the housing and configured

to provide the signal in response to the breach of the housing.

7. A fire suppressant system according to claim 1, wherein the container further

comprises a valve adapted to control a rate of release of the second fire suppressant

8. A fire suppressant system according to claim 1, wherein the second fire suppressant is

configured to be released into the inner volume of the housing.

9. A fire suppressant system according to claim 1, wherein the second fire suppressant is

configured to be released into an area proximate to the housing.
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10. A dual-stage hazard control system for a hazard source which may be released during
a transient event causing a breach in the hazard source, comprising:
a first hazard control agent;
a second hazard control agent;
a first hazard control system configured to at least partially enclose the hazard source,
wherein the first hazard control system:
is configured to be responsive to the transient event and to contain the first
hazard control agent; and
is configured to deliver the first hazard control agent to the hazard source
substantially simultaneously with the occurrence of the transient event; and
a second hazard control system for linking to the first hazard control system, wherein
the second hazard control system is configured to:
contain the second hazard control agent; and
release the second hazard control agent over a predetermined period of time after
the first hazard control agent has been delivered in response to an activation signal; and
a sensor for disposal proximate to the first hazard control system, wherein the sensor
is configured to generate the activation signal in response to a detected event following the

transient event.

11. A dual-stage hazard control system according to claim 10, wherein the first hazard
control system comprises a housing for disposal adjacent to the hazard source, wherein:
the housing defines a volume to contain the first hazard control agent under a first
pressure; and
at least one surface of the housing is configured to rupture in response to the
transient event and release the first hazard control agent at least proximate to the rupture

location.

12. A dual-stage hazard control system according to claim 10, wherein the second hazard

control system comprises container for containing the second hazard control agent under a

second pressure.
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13. A dual-stage hazard control system according to claim 11, wherein the second hazard
control system is configured to deliver the second hazard control agent to the inner volume of

the housing.

14. A dual-stage hazard control system according to claim 11, wherein the second hazard
control system is configured to deliver the second hazard control agent to an area proximate

to the housing.

15. A method of controlling a fire resulting from a breach of a fire source, comprising:
at least partially enclosing the fire source with a sealed housing comprising an inner
volume, wherein:
at least one wall of the housing substantially conforms to a surface of the fire
source;
a first fire suppressant is contained within the inner volume of the housing
under a first pressure; and
the housing is configured to release the first fire suppressant in response to a
breach of the housing;
positioning a sensor proximate to the housing, wherein the sensor is configured to
generate signal in response to a predetermined event;
linking a container to the sensor and the housing, wherein:
a second fire suppressant is maintained within the container under a second
pressure;
the container is configured to release the second fire suppressant in response

to the signal generated by the sensor.

16. A method of controlling a fire according to claim 15, wherein:
the predetermined event comprises a loss of pressure from the sealed housing; and
generating the signal comprises sensing a loss of pressure from the inner volume of the

housing.

17. A method of controlling a fire according to claim 15, wherein:
the predetermined event comprises sensing a fire with a heat sensitive element; and

generating the signal comprises a change in the state of the heat sensitive element.
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18. A method of controlling a fire according to claim 17, wherein:
the heat sensitive element comprises a pressure tube linking the inner volume to the

container; and

the pressure tube is configured to rupture in response to an applied, heat load.

19. A method of controlling a fire according to claim 16, wherein the container is further

configured to release the second fire suppressant over a period of time.
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