1 AUTOVATI C ACTUATI ON OF A GENERAL PURPOSE HAND EXTI NGUI SHER
BACKGROUND OF THE | NVENTI ON [ 0001] The present invention relates to
automatic fire extinguishing (AFE) systens, and nore specifically, to
systens and net hods for dispersing extinguishing agents within a
confined space. [0002] AFE systens deploy after a fire or expl osion
event has been detected. In sone cases, AFE systens are depl oyed
within a gonGviRdie PICRINSIONOF RGENERAL PIGRODIE IERNBATK TRRSURHER
mlitary vehicle followng an event. The AFE systensprovide
protection to sone or all of the external features on a conmmercial or
mlitary vehicle following a fire or explosion event. The AFE systens
are ra J@@¥G@éHWH¥@@Fa&ﬂ%ﬂﬁVENTHNNe di scharge after the event has
been detected. Common neans of detection used within the fire
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thermal devices such as overheat cable and point thermal sensors. Other means such as

melting pressurised tubes or measurement of acceleration levels have also been employed.

[0003] The AFE systems provide rapid detection and a high level of suppression
efficacy against a wide range of fire and explosion events. However, such systems are costly.
Conventional fire/explosion protection is provided on vehicles that may not be exposed to the
level of threats for which existing systems have been specified. Such vehicles include
vehicles or related events in which the crew are able to rapidly evacuate or have fast access to
other fire fighting means. As such,other conventional vehicle extinguishing systems include
lower cost system components that provide an adequate level of protection by employing
slower detection and/or ways of extinguishing. These systems offer lower lifecycle costs for

the user and often provide savings in weight and space as well.
BRIEF DESCRIPTION OF THE INVENTION

[0004] Exemplary embodiments include an automatic fire extinguisher valve
assembly, including a valve body, a push rod disposed in the valve body, a poppet stem
arranged perpendicular to the push rod and disposed in the valve body, a poppet-to-valve

body seal coupled to the poppet stem and disposed in the valve body anda poppet return



assenbly, including a valve body, a push rod disposed in the val ve
body, a poppet stem arranged perpendicular to the push rod and

di sposed in the val ve body, a poppet-to-valve body seal coupled to

t he poppet stem and di sposed in the v3|ve body anda poppet return 2
spring coupled to the poppet stem and“di sposed in the val ve

body, wherein the push rod is configured to engage the poppet stern to
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val ve assenbl y anda cylinder coupled to the vdlve assenbly, wherein
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t he pusispoesd. iBRIERaIVEHRY PbdeNbddpet! FrufaRPNINGRupled to the poppet stem and
disposed in the valve body,wherein the push rod is configured to engage the poppet stem to
open the poppet-to-valve body scal. The automatic fire extinguisher further includes an
actuator coupled to the valve assembly, a main outlet coupled to the valve assembly, a refill
valve coupled to the valve assembly anda cylinder coupled to the valve assembly,wherein the
actuator is configured to place the valve assembly and the cylinder in fluid communication in
response to the at least one of the fire and explosion event. The method further includes

securing the push rod.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The subject matter which is regarded as the invention is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed

description taken in conjunction with the accompanying drawings in which:

[0008] FIG. 1 diagrammatically illustrates an exemplary AFE system;



[ 0007] The subject matter which is regarded as the invention is
particularly pointed out and distinctly claimed in the clains at the
conclusion of the specification. The foregoing and ot her features,
and advant ages of the invention are appar ent fromthe foll ow ng
detail ed description taken in conjunction with the acconpanying
drawi ngs in which: [O008]FIG 1 diagrammatically illustrates an
exenpl PE sy 3, g ' | | ¥ ril rates
anot he(r?[bg?(%}npl ar ;S}i I%EiEdls séﬁgfﬁ]&?%agg%ﬂsﬁla% ggét?ﬁ%é%lﬁgd%%élzgns B’%{;Siltélhpl ary
nodi fied extinguisher; [0O011]FIG 4 illustrates a sectioned view of
t he pudA0t@d and WEGh2illuwsonaies e ptenpérytrhedifed extigigbshar; [0012] FIG 5
il lustrates anot her sectioned view of the push rod and ot her

Corrpon?ablsl ]0f t h%&xﬁ Iil?l%%]rlat%p S Sectioned view of the push rod and other components of the

extinguisher;

[0012] FIG. 5 illustrates another sectioned view of the push rod and other components
of the extinguisher;

[0013] FIG. 6 illustrates a view of the fully actuated push rod in one embodiment;
[0014] FIG. 7 illustrates a view of the fully actuated push rod in another embodiment;
and

[0015] FIG. 8 illustrates a flow chart of a method for operating an exemplary AFE in

accordance with exemplary embodiments.
DETAILED DESCRIPTION OF THE INVENTION

[0016] In exemplary embodiments, the systems and methods described herein include
an AFE system that utilize standard components from residential and commercial (e.g., hand-
held) fire extinguishers, modified to withstand the rugged environment of vehicle protection.
FIG. 1 diagrammatically illustrates an exemplary AFE system 100. The system 100 includes
an engine compartment 105, with engine components 110. The system 100 further includes
two exemplary modified fire extinguishers 115 positioned to disperse extinguishing agents
directly into the engine compartment 105 and onto the engine components 110. In the
example, the modified extinguishers 115 are 1.3 litre extinguishers. It can be appreciated that
in other exemplary embodiments, the modified extinguishers 115 can have other volumes,
As described further herein, the modified fire extinguishers 115 automatically disperse agents
within the engine compartment 105 in response to a fire/explosion event.In the example, the
modified extinguishers 115 are mounted and positioned directly in the engine compartment
105. As described herein, the exemplary modified extinguishers 115 can be implemented in a

variety of other confined spaces.



[0013]FIG 6 illustrates a view of the fully actuated push rod in one
enbodi ment; [0014]FIG 7 illustrates a view of the fully actuated
push rod in anot her enbodi nent; and [0015]FIG 8 illustrates a fl ow
chart of a method for operating an ex%nplary AFE in accordance with
exenpl ary enbodi nents. DETAI LED DESCRI'PTI ON OF THE | NVENTI ON [ 0016] I n
exenpl ary enbodi nents, the systens and net hods descri bed herein
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exenpl HRF AN Behvonp 23¢, &arries the extinguishing agents to the wheel bay. It will be
appreciated that FIGS. 1 and 2 are examples and several other confined spaces are
contemplated in other exemplary embodiments.  As described herein, the exemplary

modified extinguishers 115/215 can be implemented in a variety of other confined spaces.

[0019] As described herein the exemplary modified extinguishers (e.g., the modified
extinguishers 115, 215) are primarily designed to employ common dry chemical fire
extinguishing agents (e.g., Monnex fine grind) as the fire extinguishing agent. Other common
dry chemical fire extinguishing agents (e.g. sodium bicarbonate, potassium bicarbonate)
could beimplemented. Water based agents could also be implemented. Additives could
include alkali salts (e.g. potassium bicarbonate, potassium acetate, potassium lactate etc.) or
foams (e.g. AFFF). Gaseous extinguishing agents such as FM200, FE36 and Novec 1230
could also be implemented but care would be required if installing these systems within
potentially hot environments as the maximum working pressure for the examples described
herein (e.g., FIGS. 1 and 2) can be in the range of 195 psig (13.4 bar(g)). It will be
appreciated thatother higher pressures are contemplated in other embodiments. For example,

360 psig or 900 psig may be implemented in other exemplary embodiments.

[0020] In one embodiment, the modified extinguishers described hercin include a
valve that is automatically opened with an automatic actuator. The actuation devices open
under harsh environments such as large changes and extremes of ambient temperature and

vibration. FIG. 3 illustrates an exemplary modified extinguisher 300. This modified



system 200 i ncl udes wheel bay 205 having a wheel 210. The system 200
further includes a nodified fire extinguisher 215 positioned renotely
fromthe wheel bay 205 and wheel 210 but including a pipe and nozzle
network 220 to direct the extanU|sh|@p agents fromthe nodified fire
extingui sher 215 to the wheel bay 205~and wheel 210. In the exanple,
the nodified extinguisher 215 is a 5 litreextinguisher. It can be
appr eci e i
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operation of the actuator 350 is to rapidly eject a pin a short distance (e.g., between 6 mm and

15 mm) with a sufficient work output (e.g., between 4J and 15 J) to push an actuation
pushrod 355 in a linear motion towards an end stop 360 within the valve body 320. This
linear motion pushes an angled face 356 on the pushrod 355, which forces the poppet stem
335 in a downwards direction with a force opposite a retention force of the poppet return
spring 345 and pressure in the cylinder 305, releasing the poppet-to-valve body seal 340,
creating fluid communication between the cylinder 305 and the main outlet 330, allowing
extinguishing agent to flow from the main outlet 330. As such, it can be appreciated that the
poppet stem 335 and the push rod 355 are arranged perpendicular (i.e., orthogonal) to one
another. As described herein, the actuator 350 is activated by the sensing devices in the space
in which the extinguisher 300 is positioned. Prior to pressurising the extinguisher 300 the
poppet return spring 345 is used to return the poppet stem 335 to its closed position. Once



extingui sher 300 could be used, for exanple, as the extinguishers
115, 215, shown in FIGs. 1 and 2, respectively. The extingui sher 300
i ncludes a cylinder 305 that stored the extinguishing agents, and a
val ve assenbly 310 for dispersing the extinguishing agents. The val ve
assenbly 310 includes a valve-to-cyllﬁﬁer adapter 315 that coupl es
the cylinder 305 to the valve assenbly 310. In one enbodi nent, the
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7 woul d all ow the poppet return spring 345 to restore the poppet stem
335, thus closing the poppet-to-val ve body seal 340. [0024]FIG 6
illustrates a view of the fully actuated push rod 355 in one

enbodi ment In this position, the poppet stem 335 i s pushed agai nst

t hepoppet -t o-val ve body seal 340, thereby allow ng the extinguishing
agents to flow fromthe cylinder 305 to the main outlet 330. In
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of the pressure of the extinguishing agents within the cylinder 305. In exemplary

embodiments, the poppet stem 335 and the push rod 355 can be a material so that the action

of the poppet stem 335 running along the keyway 358 provides a slight deformation 370 of

the poppet stem profile and as such provides friction to prevent the pushrod 355 from

returning to its open position during the operation of the extinguisher 300. This extra friction

is enhanced further by a slight deformation 375 of the pushrod 355 as it reaches the end stop

360 within the valve body 320. FIG. 6 illustrates the extinguisher 300 highlighting the

deformations 370, 375 on the poppet stem 335 and pushrod 355, respectively, which prevents

thepoppet-to-valve body seal 340 from closing during operation.

[0026] FIG. 7 illustrates a view of the fully actuated push rod 355 in another
embodiment. Similar to as described above, in this position, the poppet stem 335 is pushed

against thepoppet-to-valve body seal 340, thereby allowing the extinguishing agents to flow



fromthe cylinder 305 to the main outlet 330. In addition, the push
rod 355 inpacts the end stop 360 and the poppet stem 335 rests

agai nst the push rod 355. As described herein, prior to actuation,

t he poppet stein 335 rests within the keyway 358. Linear notion of
the push rod 355 is constrai ned by thg actuator 350, such as by a
spring within the actuator 350. As such, prior to actuation, the
confi guat i 1.1 C i thin the .
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under the force 301 of the the poppet return spring 345(See FIG 3)
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the cylinder 305. In one enbodinent, a groove 380 is nachined into

t he pushpelpnesbe kpvesy 339 wiid it reachpspheoutsr éiness of ¢hq pisk 1p@H8S. The push
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the poppet stem and the push rod 355 secure the push rod 355.
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ot her efRpgidEnESperaflohi Mted to such disclosed enbodi nents. Rather,

the invention can be nodified to incorporate any nunber of
variations, alterations, substitutions or equival ent arrangenents not
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appendefo i@ 18 pusi fhd35Y IMescribed herein. At block 830, the push rod 355 is secured so
that it does not retract, as described herein. In one embodiment, deformable material on both
the poppet stem 335 and the push rod 355 secure the push rod 355. In another embodiment,
the poppet stem 355 engages the groove 380, thereby securing the push rod 355. It can be
appreciated that other systems and methods for securing the push rod 355 are contemplated in

other embodiments.

[0029] While the invention has been described in detail in connection with only a

limited number of embodiments, it should be readily understood that the invention is not



1. An automatic fire extinguisher (AFS) val ve assenbly, conprising: a
val ve body; a push rod disposed in the val ve body; a poppet
stem arranged perpendicular to a |longitudinal axis of the push rod
and di sposed in the val ve body; apoppet -t o-val ve body seal
coupled to the poppet stern and dispoé%d in the valve body; and a
poppet return spring coupled to the poppet stern and di sposed in the
val ve : i h LS, .confi qur to e the
poppet 1ot o such SHOGLE hlddfnBieS IniiBl. i ORI a5 LbaREAE Rudaiore
cl ai medny mufdbat of daristiens aherbfienspsigRtitubiong sicdquiiesend rrai@hretsire BereBfore
The assenbly as clained in Caim2 wherein the angled face includes a
keyway desdibedy dub sdalp| aFe acompngnshie | witho) te nipyritaad escape HE Pisp prstention.
steme e SObdd; - aagt [
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poppet untlestoodcthat esped orfirglidl enveation | mky t Im@iuds eoniye sorhé eotb dlpp ates@iteth
to the %ﬁg.rod u onafctuation of .the push rod. 6. Thggg se %y as,
cl ai med I ACPIPEEE ROHFIEIHE 33 Ehdeseep ailipibekly ithe tireeoing
val ve bRediption, but is only limited by the scope of the appended claims.



7. The assenbly as clained in Claim6 wherein the push rod includes
deformabl e material that secures the push rod to the end stop upon
actuation of the push rod. 8. The assenbly as clained in Claimi4
wherein the push rod includes a grOOVﬁO configured to receive the
poppet stem upon actuation of the push rod. 11 9. An automatic fire
extingui sher (AFE) system conprising: a valve assenbly; an actuator
coupl et oppe val ve assenbly; a main outlet coupled to the valve
assenbly; arefill valve coupled to the valve assenbly; and a
cylinder coupled to the val ve assenbly, wherein the actuator is
configdred tAn pltametid fue exhgesles $4FD) yalewradsdrhiglycodmprdarg: i n f 1 ui d
communi cation. 10. The systemas clained in Caim9, wherein the
val ve assenbl‘y c%rr%r_i ses: a val ve body;

a valve body;

a push rod disposed in the valve body;

a poppet stem arranged perpendicular to a longitudinal axis of the push rod and

disposed in the valve body;

apoppet-to-valve body seal coupled to the poppet stem and disposed in the valve

body; and
a poppet return spring coupled to the poppet stem and disposed in the valve body,

wherein the push rod is configured to engage the poppet stem to open the poppet-to-

valve body seal.

2. The assembly as claimed in Claim 1 wherein the push rod includes an angled face.
3. The assembly as claimed in Claim 2 wherein the angled face includes a keyway.
4. The assembly as claimed in Claim 3 wherein the poppet stem engages the keyway,

and travels along the keyway upon actuation of the push rod.

5. The assembly as claimed in Claim 4 wherein the poppet stem includes deformable

material that secures the poppet stem to the push rod upon actuation of the push rod.

6. The assembly as claimed in Claim 1 further comprising an end stop disposed in the
valve body.
7. The assembly as claimed in Claim 6 wherein the push rod includes deformable

material that secures the push rod to the end stop upon actuation of the push rod.

8. The assembly as claimed in Claim 4 wherein the push rod includes a groove

configured to receive the poppet stem upon actuation of the push rod.



a push rod disposed in the valve body; a poppet stem arranged

per pendi cular to the push rod and di sposed in the val ve body; a
poppet -t o-val ve body seal coupled to the poppet stem and di sposed in
t he val ve body; and a poppet return s?&hng coupled to the poppet stem
and di sposed in the val ve body, erein the push rod is
configured to engage the poppet stemto open the poppet-toval ve body

el uddh an haaRETs AR SRR RrE) SR NIRRT, |G B 1

wherein the angl ed face i ncludes a keyway. 13. The system as cl ai ned
in Caim 12 asabrecdsperhitlg; poppet stem engages the keyway, and travels
along the keyway upon actuation of the push rod. 12 14. The system
as claimed in Cajm13 et stem i ncl udes deformabl e

t he p
material t h&f 2PALer GRUR! ﬁgﬁﬁ@Feg?@ % the push rod upon actuation
of the push rod.

a main outlet coupled to the valve assembly;
a refill valve coupled to the valve assembly; and
a cylinder coupled to the valve assembly,

wherein the actuator is configured to place the valve assembly and the cylinder in

fluid communication.
10.  The system as claimed in Claim 9, wherein the valve assembly comprises:
a valve body;
a push rod disposed in the valve body;
a poppet stem arranged perpendicular to the push rod and disposed in the valve body;

a poppet-to-valve body seal coupled to the poppet stem and disposed in the valve
body; and

a poppet return spring coupled to the poppet stem and disposed in the valve body,

wherein the push rod is configured to engage the poppet stem to open the poppet-to-

valve body seal.
11. The system as claimed in Claim 10 wherein the push rod includes an angled face.
12. The system as claimed in Claim 11 wherein the angled face includes a keyway.

13, The system as claimed in Claim 12 wherein the poppet stem engages the keyway, and
travels along the keyway upon actuation of the push rod.



15. The systemas clained in Caim10 further conprising an end stop
di sposed in the valve body. 16. The systemas clained in Caim15
wherein the push rod includes deformable material that secures the
push rod to the end stop upon actuati?£ of the push rod. 17. The
systemas clainmed in Caim13 wherein‘the push rod includes a groove
configured to receive the poppet stem upon actuation of the push rod.

18. A nethod.for operatin n t.0 ic fi.re extingujsher P th
o1 hod Tonmr T8, HaeTaas Sleins MEHRnTT Gisedih i hinE Hoh BebieeR abhorifie
conf i neght&a gt séitdswad polheBsterdtd @iRhisE réd ignectuafien bsihe Hubiad.

i ncludes: a val ve assenbly including: a valve body; an end stop

di sposed in _the val ve body; a push rod having an angled face and
keyway @i spddEcystem: #eclaimiadeia &a&%,mal?w‘&h@i eperrising an en sipn igpopshiin the
poppet .st.eB,al.ranged perpendicular to the push rod and disposed in

t he val ve body; a poppet-to-valve body seal coupled to the poppet
stem and di sposed in the valve body; and a poppet return spring

coupl edé6t o tThe poppetasstlamednoh (lasmosedwhareinhthev@isherodothyludes deformable

material that secures the push rod to the end stop upon actuation of the push rod.

17. The system as claimed in Claim 13 wherein the push rod includes a groove configured

to receive the poppet stem upon actuation of the push rod.
18. A method for operating an automatic fire extinguisher (AFE), the method comprising;
detecting at least one of a fire or explosion in a confined space;
activating an automatic fire extinguisher that includes:
a valve assembly including:
a valve body;
an end stop disposed in the valve body;

a push rod having an angled face and keyway disposed in the angled

face, and disposed in the valve body;

a poppet stem arranged perpendicular to the push rod and disposed in

the valve body;

a poppet-to-valve body seal coupled to the poppet stem and disposed in
the valve body; and

a poppet return spring coupled to the poppet stem and disposed in the
valve body,

wherein the push rod is configured to engage the poppet stem to open

the poppet-to-valve body seal;



13 an actuator coupled to the valve assenbly; a main outlet coupled
to the valve assenbly; a refill valve coupled to the val ve assenbly;
and a cylinder coupled to the valve assenbly, wherein the actuator is
configured to place the valve assenbly,and the cylinder in fluid
comuni cation in response to the at | east one of the fire and

expl osion event; and securing the push rod. 19. The nethod as

clained in Clai”hﬁ%c&@%ﬁg&ﬂ%&ﬁétH@QQGéaé&ﬁﬁgknC'Udes def or mabl e

material that secures t ppet stemto the push rod upon actuation

of the push rod, and wherein the push rod includes deformable

mat eri al that secunas outiel qouplad toihetvelvelasseerhdy;st op upon act uati on of

the push rod. 20. The nethod as clainmed in Claim 18 wherein the push

rod i ncludes a graqQ onf i qur 0_r.ecei ve,the poppet stem upon
nctuation of ¢ neasaif P8 bR dEAEEERRRE Tod 1o the poppet
stem

a cylinder coupled to the valve assembly,

wherein the actuator is configured to place the valve assembly and the cylinder
in fluid communication in response to the at least one of the fire and explosion

event; and
securing the push rod.

19.  The method as claimed in Claim 18 wherein the poppet stem includes deformable
material that secures the poppet stem to the push rod upon actuation of the push rod, and
wherein the push rod includes deformable material that secures the push rod to the end stop

upon actuation of the push rod.

20.  The method as claimed in Claim 18 wherein the push rod includes a groove
configured to receive the poppet stem upon actuation of the push rod, which secures the push

rod to the poppet stem.



