
 

1 

 

 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE AS RECEIVING 

OFFICE FOR THE PATENT COOPERATION TREATY (PCT) 

TITLE:   METHODS AND APPARATUS FOR MULTI-STAGE Fire Suppression 

INVENTOR(S):  WILLIAM A. ECKHOLM (PHOENIX, AZ); MATTHEW SAMPSON 

(PHOENIX, ARIZONA); AND RYAN GAMBOA (CHANDLER, ARIZONA) 

 

BACKGROUND OF THE INVENTION 

[0001] Fire suppression systems often comprise a detecting element, an electronic control 

board, and an extinguishing system.  When the detecting element detects a condition 

associated with a fire, it sends a signal to the control board.  The control board then 

typically sounds an alarm and triggers the extinguishing system in the area 

monitored by the detecting element.  Such systems, however, are complex and 

require significant installation time and cost.  In addition, such systems may be 

susceptible to failure in the event of malfunction or loss of power.   

 

SUMMARY OF THE INVENTION 

[0001a]      The invention is defined in the independent claims. Some optional features of the 

invention are defined in the dependent claims.  

[0002] An exemplary multi-stage fire suppression system is configured to deliver a fire 

suppressant material in response to multiple detections of a fire condition over time.  

In one embodiment, the multi-stage fire suppression system comprises at least two 

pressure tubes each having a different internal pressure.  Each pressure tube is 

adapted to generate a pneumatic signal in response to exposure to a different trigger 

event.  The pneumatic signal is used to activate a suppression system and release the 

fire suppressant material  
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from a container.  The multi-stage fire suppression system may also be configured 

to signal a secondary hazard detection system that a fire has been detected.     

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] A more complete understanding of the present invention may be derived by referring 

to the detailed description and claims when considered in connection with the 

following illustrative figures.  In the following figures, like reference numbers refer 

to similar elements and steps throughout the figures.  

[0004] Figure 1 is representatively illustrates a multi-stage fire suppression system; 

[0005] Figure 2 representatively illustrates a detection system and suppression system 

interface;  

[0006] Figure 3 representatively illustrates a top view installation of multiple detection 

elements and a delivery system;  

[0007] Figure 4 is a flow chart of an exemplary method of operation; and 

[0008] Figure 5 representatively illustrates the multi-stage fire suppression system coupled 

to a signaling system. 

[0009] Elements and steps in the figures are illustrated 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 a different order are illustrated in the 

figures to help to improve understanding of embodiments of the present invention.  
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 DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[0010] The present techniques 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 example, the present techniques may 

employ various vessels, sensors, detectors, control materials, valves, and the like, 

which may carry out a variety of functions.  In addition, the present techniques may 

be practiced in conjunction with any number of hazards, and the system described 

is merely one exemplary application.  Further, the present techniques may employ 

any number of conventional techniques for delivering control materials, sensing 

hazard conditions, controlling valves, and the like.  

[0011] Methods and apparatus for multi-stage fire suppression may operate in conjunction 

with any suitable mobile and/or stationary application.  Various representative 

implementations may be applied to any system for suppressing fires. Certain 

representative implementations may include, for example, portable and/or non-

portable containers, unit load devices, cargo containers, intermodal containers, and 

storage units.   

[0012] Referring now to Figure 1, a multi-stage fire suppression system 100 for suppressing 

a fire may comprise a suppression system 102 for providing a control material, such 

as a fire suppressant, to an interior location of a container 108, such as a unit load 

device for aircraft or an intermodal container for a cargo ship.  The hazard control 

system  
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the internal temperature of the container 108 to increase again.  Then, if the 

increasing temperature reaches a second threshold value which may be slightly 

higher than the predetermined threshold value the second pressure tube 306 may 

burst creating a second detection signal (407) that is sent to the suppression system 

102 causing it to release additional suppressant material into the container 108.  If 

the fire still isn’t extinguished, the suppression system may release additional 

suppressant if the temperature rises to a level causing the first pressure tube 308 to 

lose pressure.  

[0040] In the event of a high energy fire, the rise in temperature or the amount of energy 

that the pressure tubes are exposed to may be such that at least two pressure tubes 

lose pressure substantially simultaneously.  This may cause the suppression system 

102 to immediately release an equivalent amount of fire suppressant that would have 

been released had the pressure tubes lost pressure in a sequential order over a period 

of time. 

[0041] These and other embodiments for methods of controlling a hazard may incorporate 

concepts, embodiments, and configurations as described with respect to 

embodiments of apparatus for controlling a hazard as described above.  The 

particular implementations shown and described are illustrative and are not intended 

to otherwise limit the scope of the present invention in any way.  Indeed, for the 

sake of brevity, conventional manufacturing, connection, preparation, and other 

functional aspects of the system may not be described in detail.  Furthermore, the 

connecting lines shown in the various figures are intended to represent exemplary 

functional relationships and/or physical  







CLAIMS 

 

1.  A multi-stage fire detection and suppression system for a container, comprising: 

a detection system configured to attach to an interior portion of the container, wherein 

the detection system is adapted to: 

detect at least two sequential trigger events; and  

generate a detection signal in response to each detected trigger event, wherein: 

a first detection signal corresponds to a first detected fire; and  

a second detection signal corresponds to a second detected fire resulting from 

an incomplete suppression of the first detected fire; and  

a suppression system for coupling to the detection system within the container, 

wherein the suppression system is adapted to: 

release a fire suppressant into the container in response to the first detection 

signal; and  

release additional fire suppressant into the container in response to the second 

detection signal. 

 

2.  A multi-stage fire detection and suppression system according to claim 1, adapted to: 

detect a first trigger event comprising an ambient temperature within the container 

reaching a first predetermined threshold value; and  

detect each subsequent sequential trigger event comprising the ambient temperature 

within the container reaching a threshold value that exceeds the immediately preceding 

threshold value. 

 

3.  A multi-stage fire detection and suppression system according to claim 1, wherein the 

detection system comprises: 

a first detection element adapted to generate the first detection signal in response to a 

first triggering event; and  

a second detection element adapted to generate the second detection signal in 

response to a second triggering event. 

 

4.  A multi-stage fire detection and suppression system according to claim 3, wherein: 
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the first detection element comprises a first pressure tube adapted to have a first 

internal pressure, wherein at least a portion of the first pressure tube is configured to leak in 

response to exposure to the first triggering event and generate the first detection signal; and  

the second detection element comprises a second pressure tube adapted to have a 

second internal pressure less than the first internal pressure, wherein at least a portion of the 

second pressure tube is configured to leak in response to exposure to the second triggering 

event and generate the second detection signal. 

 

5.  A multi-stage fire detection and suppression system according to claim 3, wherein the 

suppression system comprises: 

a first pressure vessel configured to couple to the first detection element, wherein the 

first pressure vessel is adapted to: 

contain a first fire suppressant material under pressure; and  

discharge the first fire suppressant material in response to the first detection 

signal; 

a second pressure vessel configured to couple to the second detection element, 

wherein the second pressure vessel is adapted to: 

contain a second fire suppressant material under pressure; and  

discharge the second fire suppressant material in response to the second 

detection signal; and  

a delivery system configured to couple to the first and second pressure vessels, 

wherein the delivery system is adapted to disperse the first and second fire suppressants to the 

interior of the container. 

 

6.  A multi-stage fire detection and suppression system according to claim 5, wherein the 

suppression system further comprises: 

a first deployment valve configured to couple between the first pressure vessel and the 

first detection element, wherein the first deployment valve is adapted to activate in response 

to the first detection signal; 

a second deployment valve configured to couple between the second pressure vessel 

and the second detection element, wherein the second deployment valve is adapted to activate 

in response to the second detection signal; and  

a manifold configured to couple the first and second deployment valves to the 

delivery system, wherein the manifold is adapted to: 
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prevent the first fire suppressant material from entering the second pressure 

vessel; and  

prevent the second fire suppressant material from entering the first pressure 

vessel. 

 

7.  A multi-stage fire detection and suppression system according to claim 1, further 

comprising a triggering system adapted for disposal adjacent to the discharge system 

and for coupling to the detection system, wherein: 

the triggering system is configured to generate a trigger signal in response to 

the first detection signal; and  

the triggering system is configured to transmit the trigger signal to a secondary 

fire detection system. 

 

8.  A method of detecting and suppressing a fire within an enclosed container, 

comprising: 

disposing a detection system adjacent to an inner surface of the container; 

coupling a suppression system to the detection system, wherein the suppression 

system comprises a fire suppressant and is responsive to the detection system; 

detecting at least two sequential trigger events associated with the fire, wherein: 

a first trigger event comprises a temperature within the container exceeding a 

predetermined threshold value that corresponds to a fire; and  

each subsequent sequential trigger event comprises the temperature within the 

container reaching a threshold value that exceeds the immediately preceding threshold 

value and corresponds to an incomplete suppression of the fire; 

generating a detection signal in response to each detected of trigger event; 

dispersing the fire suppressant into the container in response to a first generated 

detection signal; and  

dispersing additional fire suppressant into the container in response to each additional 

generated detection signal. 

 

9.  A method of detecting and suppressing a fire according to claim 8, wherein disposing 

the detection system adjacent to an inner surface of the container comprises routing at least 

one detection element adapted to generate the detection signal in response to the trigger event 

proximate to the inner surface of the container. 
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10.  A method of detecting and suppressing a fire according to claim 9, wherein: 

a first detection element comprises a first pressure tube adapted to have a first internal 

pressure, wherein at least a portion of the first pressure tube is configured to leak in response 

to exposure to the predetermined threshold value and generate the first detection signal; and  

a second detection element comprises a second pressure tube adapted to have a 

second internal pressure lower than the first internal pressure, wherein at least a portion of the 

second pressure tube is configured to leak in response to exposure to a second threshold value 

and generate the second detection signal. 

 

11.  A method of detecting and suppressing a fire according to claim 10, wherein the 

suppression system comprises: 

a first pressure vessel configured to couple to the first detection element, wherein the 

first pressure vessel is adapted to: 

contain a first fire suppressant material under pressure; and  

discharge the first fire suppressant material in response to the first detection 

signal; 

a second pressure vessel configured to couple to the second detection element, 

wherein the second pressure vessel is adapted to: 

contain a second fire suppressant material under pressure; and  

discharge the second fire suppressant material in response to the second 

detection signal; and  

a delivery system configured to couple to the first and second pressure vessels, 

wherein the delivery system is adapted to disperse the first and second fire suppressants to the 

interior of the container. 

 

12.  A method of detecting and suppressing a fire according to claim 11, wherein the 

suppression system further comprises: 

a first deployment valve configured to couple between the first pressure vessel and the 

first detection element, wherein the first deployment valve is adapted to activate in response 

to the first detection signal; 

a second deployment valve configured to couple between the second pressure vessel 

and the second detection element, wherein the second deployment valve is adapted to activate 

in response to the second detection signal; and  
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a manifold configured to couple the first and second deployment valves to the 

delivery system, wherein the manifold is adapted to: 

prevent the first fire suppressant material from entering the second pressure 

vessel; and  

prevent the second fire suppressant material from entering the first pressure 

vessel. 
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