FI RE SUPPRESSANT DEVI CE AND METHOD, | NCLUDI NG

EXPANSI ON AGENT DESCRI PTI ON OF THE | NVENTI ON Rel at ed
wa\p@ziicmsdi ons [ 001] This application clains thecheambr06981

of priority under 35 U S.C. 119(e) of U S

Provi sional Application No. 60/784, 448, filed on March

22, 2006, the disclosure of which is incorporated

herein by reference. Field of the Invention [002] The

present disclosure relates to devices and nethods for

suppressi ng and/ or extinguishing a fire. In
particular, the F;!RESSHPRJRES T OEVIGE &NPo devi ces

and met hods MET rﬁ%s‘l

fire associ ated ﬁbﬁﬁ Ia con gﬁﬁkbéﬁﬁlwﬂégtﬂ%?ﬂ In
sonme instances, it may be difficult to suppress and/or
extinguish a fi IPg1 NMENTIOMocat i on of

the fire. For exanple, a fire associated within an
Rek[@@pb@[,,_—;é{b,ﬁ, contai ner may be difficult to suppress
or extingui sh because it may be difficult to
L@bﬁi _?E effective extingui shi nf% agent to the
is anRlicatiap Llajgs enefitiof paipribeuader 33 4.8.C. § 119(e)
of w S. qb&bv*éﬁinamp%ﬁ.wﬁéh% @mmuuéhﬂ% c?rQE/[Hrch 7 %506 the
interior he cont ai ner, that the ex
disglgsiie %fayhl@b laﬂmor@eratedthmem tmerefpcmqe An exarrpl e of
a fire that may be difficult to suppress and/or
Fieldf thaUhoéntiiie to the nature of the location of a fire
may 1 ncludé Tires associated with cargo. For exanpl e,
carBB ii s on board freighter aircraft may be
i ntlPPRL; F?Pr%%ﬁf@té?'%‘dﬁ’sﬂmv%?teéltpfdecqus and sethadsifen
supPPESYINg anbiftr SAMPishing eGfes Iﬁ‘b Iﬁﬁrtﬂg Iﬁﬁég%trm&lggure relates

restricted or inpractical once carg
to dsyiges; b metheds rtswoprrewggtamd/@n eﬁrmshlpg%ﬁreﬁmsomated with
a cérdipdre. the airfreight industry uses containers and

pal l ets, which are sonetinmes generically referred to

as "Unit Load Devices" or "ULDs," toconsolidate and
Backgreund ej ght . Such containers, for exanple, may be

constructed of

[003] In some instances, it may be difficult to suppress and/or extinguish a

fire due to the nature of the location of the fire. For example, a fire associated
within an interior of a container may be difficult to suppress and/or extinguish
because it may be difficult to deliver an effective extinguishing agent to the location
of the container and/or it may be difficult to deliver an effective extinguishing agent
to the interior of the container, so that the extinguishing agent may be applied to the
fire.

[004] An example of a fire that may be difficult to suppress and/or
extinguish due to the nature of the location of a fire may include fires associated
with cargo. For example, cargo fires on board freighter aircraft may be intrinsically
dangerous and/or difficult to extinguish because, for example, access to the cargo
area may be restricted or impractical once the cargo has been positioned within the
freighter aircraft.

[005] For example, the airfreight industry uses containers and pallets,
which are sometimes generically referred to as “Unit Load Devices” or “ULDs,” to
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various materials, such as alum num fiberglass,
and/or other suitable materials. Such containers, when
wo omdatishnt o freighter aircraft, enclose and rEGI/D&2007/006981

the freight. Furthernore, such containers may include
features configured to engage retractable | ocks

| ocated in, for exanple, an aircraft floor cargo

handl i ng system which may provide desirable fore-aft,

| ateral, and/or vertical restraint during ground and

corfsaiigate ape ship fraight] GUh dettginees, foreRefpléBRal e constructed of

d
variglfR BRHRIRLS SRS AR ST e B0 cBiotepEStatye materials.
Such eentainis, Aheh lbéééﬁ hterfraighterai r*crléfﬂseﬁ'lcﬂtgé‘é an@'testrain the

of a typi contai ner widely used is
f'e'aﬁgnEH%{héﬁmwucﬁmamﬁ B InAlé&d@sfsatt&estcmﬁlucﬁd to engage
retraéidble MM CHRI i ﬂeﬁ)@e{fm@l@ énraﬁ&tr %Bbﬁﬁ?@lagﬁal'ir@system

an upper edge on one_si
whigh ey prevife desingbie fare- afbllaf@valt aed@rmwafesmm during ground

aircraft fuselage. The AMJI has a base
ancgﬁﬁe sr%ﬁé){) about 125 inches |ong by about 96 in_ches
W d[@06hndCarg@icghtaiden$emaydxe tybumﬂguca@@d mtdteks(of #va (i.e., two

id
corebHE R DB LELHRE 1Y of B Rl arh Mot gt arcrat
fusplegbapéxrt mcardplaaeof & typicalroordaiatr diddlgnised isidesigreated “AMJ”

o Bl 50 S AR S e AeH ctaner

box Imai\viag cbm@m@n mag@ on&mebﬁdaqrastsmalyl se &naﬁmlfér@ator%lﬁ%d for
forward cont ai ners however

h
oxaig. 19 falbRGthe Go8s sestpBsLosamelyianan sisrenius6ager The AMJ
hasI & b&séQﬁltn@nﬁﬁ‘fn of Abait ‘FiB?mfcﬁbﬁ%ﬁt_? 69'3&“? %Smcﬁgg Wide, and a

no practical way to manua del i ver

he@"l%ﬂlﬁ&ﬁ% af §hPHt39%g'é-‘rheSt(d>et fan fher @on-pbea]fe@wnon-curved side).
OthRP TdhPdife P4 IPRh VN k&trﬂ%ﬁ %lllé@fr?{ﬂef é‘rtfélﬁgerha s two-dozen

aut omat i cal I yact uat ed e-type fire su
CONRINEERLOF ‘ﬂllfféﬂﬂb S!Zﬂﬂal‘m@@mnmjﬁyueem gh cost, high

=8, BB oL A SRE3| A5 R i Race. oy

the moqiefot\n/and contaimersimdy bée giux:esslet@tcoﬂlghaszrdwal eErBAYhe most
t t any qne ting.
forval S EARAREES. SRR Fis e bR e dasErss fietelq.cl a fire were
to osonein aesntaiher aﬂ@bflth)e aﬂwaratcag}amem ,tr%er@l by ¥eIRé practical way
re and/or exchange
to n&%me{jfy&ie?iyer%ﬁfor e it a"&% ageghto thealrer o a 1 ack

[008] One possible option would be to install a fixed, automatically-

actuated, bottle-type fire suppressant device in each container. Due to high cost,
high weight, and/or maintenance considerations, it may be impractical to install
such devices in each container. In particular, an airfreight operator rﬁay have many
thousands of containers in inventory at any one time. Furthermore, according to a
common industry practice sometimes referred to as “interlining,” airfreight operators
temporarily share and/or exchange containers. Such a practice might lead to a lack
of cargo protection, for example, for instances in which an airfreight operator
borrows containers from another airfreight operator who does not install such
devices.



of cargo protection, for exanple, for instances in

whi ch an airfrei ght operator borrows containers from
wae@rhers9ni rfrei ght operator who does not i nstBCT/US2001006981

devi ces. [ 009] Anot her possible option would be to

install pyrotechnic gas generator devices or

cartridges in each container. Pyrotechnic gas

generator devices nay provide a |ightweight and

ef ficient nmethod of suppressing and/ or extinguishing

con[(m'Q}er Alnatiesr. pdéeibliensption woulihbeto nstall dyﬁdtecﬁnlb yas

nt.ai ne

d
sl AEt LGt braRdaes in off cBfalfes P yRleduiCion grnerator
devices nhay previde aXighinséight aRd efﬂdﬁbnﬂﬁmdtlh@d oREUBPREYEARY and/or

of caontal ners inyolve Furt hernore, cargo containers

extwlﬁhms Goptaipgpitesy {le ftaliation pisugh %\éceamjpaph container,
hko@Wre ndyhe Lﬁfaersﬁasfe fd?ra ﬁeﬁtneeel ef ré’a%fdr&dsFé’lfe é le, these devices

Such exposur e coul resul in damage t
mayttmpwlblflmely@memse/e uswlamt@f the targe ;smplétan @fpcsonta‘&ma involved.

Fultfiiare) oo pEfers: iy BRENIES finded RShGAE. Utratigns. andlor
temperaturesktfarnes foreextanded pepiods af iese.t Baichreagposuez could result in
re of the ve-out | i ed dr

daififidh PR dByiiese S0a8 A% Forrarampie RiERRI EES pibpelast” such
darinlagerrhigbm rendet sﬁg;h‘. oe\?uep deager@saanlﬁwor ireffdotigel shi ng

ciated wi,th a contain ocate er X

{01 2 BB ik st oty 0Bz Fieys S AnpLigE mtemagive
ap;hﬁabl‘mé a5t mal overdamhblsiie SuoRS of e hBBvéBUBIHddParawbacks with
relates, to suppressi ng and/ or extinguishing a fire

thepptignsdeseriiedARO Nt ai ner that does not require

| 00;@1'1']‘9 Orld §8bje¥t bi@e lﬁbe%r‘ij?d!afé% 1 dlpPpresfiRg and/or
cont ai ner._ Yet another subject of the invention

extinguighiag edf relﬁﬁﬁoes@eﬁ vittha/container legatechmhgre, manual application of
a fif® é%@l ?ﬁ yhée 995@' [ ra{:1 R Wrirthe? B F&Q o?rtﬁ@mventlon

Still Ject 0 e I nvention reflates
relatgp e @yppr@smaod/@axtwguumgwg fmefassecm&d)wmt@dontamer that

t

codh % R oBa B B LGl 8 AR ERler. ver
anathby eubjeof of the innestibn celated tat |ppressingreisr agtirgulsiving a fire

exti.n in fire associated with a ntai ner that
as i YT R inehleRtar it 8 cBtad st STl afiiher subfct of the
inventiom gelbtes tosupbressingrir/er eirtuishing a fikladsobited with a

[ nven% O(P ¥ see to satlsljix one or nore of the
container by deliverfing a fire extinguishing agent to the interior of the container. A
further subject of the invention relates to suppressing and/or extinguishing a fire
associated with a container that does not unduly hinder processes associated with
moving the container into a cargo area.

[012] The invention may seek to satisfy one or more of the
above-mentioned subjects. Although the present invention may obviate one or
more of the above-mentioned desires, it should be understood that some aspects
of the invention might not necessarily obviate them.



above-nenti oned subjects. Al though the present

i nvention may obvi ate one or nore of the
w@b@vairsent i oned desires, it should be under st porUS1va1/006981

some aspects of the invention mght not necessarily

obvi ate them SUMVARY [013] In the follow ng

description, certain aspects and enbodi nents w ||

becone evident. It should be understood that the

invention, in its broadest sense, could be practiced

wi t hout havi ng one or nor SUMMARYS of these aspects
and enbodi nents. It shoul d be under st ood t hat these

o001 o o[ RGeSty sty HSEReBialie AEboFiments wil
beddmt_e evident) dnshiould béamdersdd that the Fiveptionsinits Bftiﬂd@fst sense,

bl n UI hi nﬂ/tﬁ fU‘ne associated wi_.th a contai ner.
couid Ghd iUl heviRg e o BBrF feaiuras REHask asRass and
emBﬁdm@erﬂ@' ungh@mafbegm@@lrswbdaﬂwrteﬁ@éé/ag a5y éﬁ%odlments are

| 1 ow sl eeve. The colum nmay define a f| rst chanbe

me'ﬁ%@&‘@ﬂ'!?%‘h’anber at | east one aperture, and a
pi qmg?g ﬁ*f‘gné%gf)bgwa%de BoBieel &5 Brdsly 'd%%cnlw& hfe'rélﬁt the

. may be configured to receive an” expansio
an%rgté-‘rn ingiidesa dexicerfer @Hamlmynﬁl@r@wﬂggmhm ad"re associated

witH S%%n‘f&m%rf The daiidd ﬂ%laé ﬁ%sm@qE ffrﬁ?(é e Bfeeve and a

configured such that i vation e~ éxpansi on
colugermonfigueed & bm’ree&wedd&ltmn dhe ﬂiodioWosleevg Foealtmn may define
e te the container
a i3] Elael o ReBhilsthalier, 3t BRI 58 b B0 APRiud end
configuoedhto pieree iadvardér.t Taedvst maraber/ mayc Hsecahfld;@@‘dto%eelve an
aspect car

rtur 01 Accord anot h
xRl Bt AR N S, B0 BeR B B DRRG G el el a fire
extiagdishingagenguThé devide mw&@%mmﬂeﬂﬂsﬁﬁh&héﬂbﬁén activation of the
cont ai ner associ at ed wth the car vehicl e

expaBFIanageRt. i FoliE eKisnsisiomdhahousing s@sdarepable the piercing

end’t@hbéﬂlétrét@ thBQ:théihEl' bMd 26 ehabi B2 ﬁr%néﬁlrg)‘i( ishing ©gent to be
housi G%Oémdat define a holl ow sl eeve. The Vi ce

delivaead, afign of dae containgt vinihe 16t leastiong aperture.
Thqpgs] U”ﬂc&@%nrﬁ{ffd Eﬁot?‘nefr'ars EcP réatf'%ﬁb ve?nélscrﬂg)‘? include a device

chanber one apert a prercing’ en
configuradyta sdppressiandéer axttnaguwhaa firglssbtiased whthrd eargegontainer

asBEERA LS o SHE TR AP AR o sl mounted in
the eargmyehicte mgthagacmnty“élﬁa clrgooontainehe Thefduging thay define a
hollow sleeve. The device may include a column received within the hollow sleeve.
The column may define a first chamber, a second chamber, at least one aperture,
and a piercing end configured to pierce a barrier. The first chamber may be
configured to receive an expansion agent and the second chamber may be
configured to receive a fire extinguishing agent. The device may be configured
such that upon activation of the expansion agent, the column extends from the
housing so as to enable the piercing end to penetrate the container and to enable
the fire extinguishing agent to be delivered into an interior of the container via the at
least one aperture.

[016] According to yet another aspect, a method for suppressing and/or
extinguishing a fire associated with a container may include providing a device
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such that upon activation of the expansion agent, the

columm extends fromthe housing so as to enable the
w@R@rairng’ end to penetrate the contai ner and tPBPCEOSINB006981

the fire extinguishing agent to be delivered into an

interior of the container via the at |east one

aperture. [01 6] According to yet another aspect, a

nmet hod for suppressing and/or extinguishing a fire
. associated with a contai-rner may include providing a
inclygingaihausing, ycalumu sonfigureddol extend foim the hdusing, an expansion

t f : j n ' agent,, and, a L
agdt; 8R4 2t b uishidy Bene T THERABRSH Ay SipeREieite activating
theiexpansiormagenasuciythat the xphumsn extagisfrositbe Hdlming?{f‘ahd delivering

the.housin and delivering the

theffe BRI AORA I A B oL A e @i Eihesy 1 he

cor{0divher As[delftbmPthedstrdotoral he rotsauid] Srradiéments set forth
bc,Slro edur al a”a%ﬁﬁté set forth_ above, the invention
aba¥su P IMYEntige ¢o vdeyR ryimBer af plhiey anangements syeh as those
xpldined hereinaifteed ITSN6| ' i sripti
° péfh t both the for egoibr?gi%(grgtrdidf)jt !Iho%;t]bgﬁgﬁ}%f;&?%@?@% nsé: fiption and
the %’@E’V'Pst ecTRtienareRyeRIRiapnPyly. BRI EF DESCRI PTI ON OF

THE DRAW NGS [ 018] The acconpanyi ng drawi ngs are

i ncor por at ed BRIEFDESCRIPTION OF THE DRAWINGS
speci fication. e dramngs rfrustrate y

e ' and, together with the description, serve

Co 1B a1 Hie 3GopITAtSn Heings ais inkaiRprPad It Anckaonstitute a
partiokthiigpecifiédiin. FTle dralvings MGSCAR! dtornpRIny bfr\bo%?ﬁfe'n?é‘and, '

vi ew of an xe%ary enbodi nent of a device tor
tOQ%‘bﬁbwé@s’i ResiPdPNe Revedei 2Mlalp sPme psincilepf theginvention. In
the deawingghenatic, partial exploded view of portions of

the_exenpl ary enbodi nent depicted in Fig. 1; [021]

Fi 391%% i Biga 1d¢ [epritgraatiqp partiall sentioni \iewwdfem exemplary

emBUitrie S 8f ddvi iRl oEaufRRAGHE S 4. Fi 0
1 [0221 Fi g, _%%@%ﬁ%’%’gﬁ%{ﬁﬁé@bﬁl%ﬁ@d vi ew
of (9% pdrig 8ris adeghiernatic,inarfalexm@dded 0RY of partiohsiof the
' i C . | view of the exenplary
exe@%%@?éﬁrgﬁéﬁ@ﬁ@@féé(?p@{%%}ébﬁilgeg, during operation; and
[021] Fig. 3A is a schematic, partial section view of portions of the
exemplary embodiment depicted in Fig. 1;
[022] Fig. 3B is a schematic, partial exploded view of the portions depicted
in Fig. 3A;
[023] Fig. 4 is a partial, schematic section view of the exemplary
embodiment of Fig. 1 depicted during operation; and
[024] Fig. 5 is a schematic, partial cutaway view of the exemplary
embodiment depicted in Fig. 1 located in an exemplary vehicle.

DESCRIPTION OF EXEMPLARY EMBODIMENT

[025] Reference will now be made in detail to an exemplary embodiment
of the invention. Wherever possible, the same reference numbers are used in the
drawings and the description to refer to the same or like parts.



[024] Fig. 5 is a schematic, partial cutaway view of

t he exenpl ary enbodi nent depicted in Fig. 1 |ocated in
wapoogserspt ary vehicle. DESCRI PTI ON OF EXEMPLARMCT/US2007/006981

EMBCODI MENT [ 025] Reference will now be nade in detail

to an exenpl ary enbodi nent of the invention. Werever

possi bl e, the sane reference nunbers are used in the

drawi ngs and the description to refer to the sane or

l'i ke parts.[026] According to the exenplary enbodi nent

depi026td ARCEIdiRg ta the exeaplaryenibodimert igpictesiinFigs. 1-4, a

devigk 18 oF b ARy o cififialy BRI Tird Meliieka abifater 12. The
devige 40 manbe proviesdin arepsdkai maly readeri m'l%%t%gﬂﬁeWﬁa@

| SucC a devil ce
imprEdee ¥ LRSI dKaP Erfire ooty Soeih Eonexamers, such a
devices mowﬁ Eetpdﬁt}%drﬁi ?ﬁ“ﬁeﬁ?@gx ?g I@-néet?lti(aiﬁ@‘r §d6hethaﬁ it may be
actifitec] Ao Sglieh B4 SyinatishlBa e@enti thergeniginan(ee. mthe interior
defioied mescbtﬁhaﬁ'@t‘{)cﬁér éQaﬁ\‘b@@r&i%:Sr ﬁfbr@’&%@ﬂldg\k’?es 10 according to

mnﬁ nment s ma e located I'n the vicinit

exe ﬁfyegmgggmea’ﬁ;emgy hfblogated otheoviciaity of ielgo,cmbedtedwover) one
or rﬁ%ﬁ@goﬁﬁaig%@ﬁﬁté& 'ir?% %‘l%'?e% g}; Eﬁ%ﬂ@/%ﬁi% devices 10
ma;dgg;{oggtegnf(mewle lmthmmdechendlmdaMOdecamﬁbﬁrawcraft
althéggh:d%ﬁ%r; lﬁgrétlélggaglav%é‘h I éﬁgg% are gg%feirﬂ l%geci;(s,%;ﬂr%s for

exagie sisein othep ?:]argbs vebimmm?uclaldsw@a{s (120 |ghd:|s|gds 1,
th t t 12
o2t b S len et T G- 1 Bitpxaamisry embodiment of

the hotuator ‘c’&indhakﬂaes afmhmvhowgsing 1an drw%.ﬂ%@%.@% #Y define a
pasi ng end

20 at

h°”§‘g‘/| oRdsr 18 s V‘%Eﬁ pﬁ'd)‘f"a@davﬁttqn%e'@@ iade/an epering 20 at an
oppbsmgtemﬂ Wll'hbIHbllbhﬁcﬁMde?WG%by'BéeﬁroWjé?ﬁWﬂﬁ%“buId'éﬁ%op 22
locaﬁ%q? \%ﬂ'bﬁ'l T'he gui de/stop 2 be retained

Wil & hellow tylingemn16 agjamﬂm epeninge2@i mae qidde/stop 22
M e T
snarg Hngdr the mai hewsiog 13510mlaw beepravidedwithroree demdretinountmg lugs
26 coffigltedto PLinfit E?é HSGicS: 1(5){% hé 6@(%#995 glgﬁr(g?ﬁlf%q location.

strlctures my provi ded
Alterpstiivelyn gr b1 aﬂdélodlewﬂw’ stucti@2&hayie hovided &Ypemaieappropriate

mouhBinglofthe dBide {using 14 may be configured to

[028] The hollow cylinder 16 of the main housing 14 may be configured to
receive a column 28. As schematically-depicted in Fig. 2, the exemplary
embodiment of the column 28 defines an expansion chamber 30 and an
extinguishing agent chamber 32. The expansion chamber 30 is configured to
receive, for example, an expansion agent 34 (e.g., a pyrotechnic charge), and the
extinguishing agent chamber 32 is configured to receive a fire extinguishing agent
36 (e.g., a fire extinguishing pyrotechnic charge). The expansion agent 34 and/or
the fire extinguishing agent 36 may be contained within an expansion agent
cartridge 38 and a fire extinguishing agent cartridge 40, respectively. The fire



receive a colum 28. As schematically-depicted in Fig.

2, the exenplary enbodi nent of the colum 28 defines
wa@eooenpwpsi on chanber 30 and an extingui shi ng BQEOE2007/006981

chanber 32. The expansi on chanber 30 is configured to

receive, for exanple, an expansion agent 34 (e.g., a

pyr ot echni c charge), and the extinguishing agent

chanber 32 is configured to receive a fire

extjnguishing agent 36 (e.g., a fire extinguishing
ex’“ﬂ?lﬁ'@h@lﬂlﬁgéngﬁﬁﬂw in anyselecbnicgiarge Donfigdred td Yenerate a

ﬁrefshbﬁr@égain@%ﬂe?hibﬂﬂeégem 36 may be contained within an
expansi on agent —cartridge 38 and a fire extinguishing

agdA29t ar The ¢ghinm 28 mayatsfinesh pierding end 42 configﬁred to pierce a
| ' i shi . i ncl ude rotechnic
vartef, S5-I I PR ordn Y TRy Y8 Gy e or
moriegapertures[ AP ahd/tndafiesi46 cobfigarediRf barnie dBiigsi§l fireend
tidé gﬂnfi%ure t o Ei erge E—ﬂbar“ er, for exanple, a wall )
SXUBPUENHIShTAPEhersthEoudl)-u kAT sxample. Aalemnmgd ey merexided with
onena IRofP EWS 0f Hafffes A6/ Whichaditb 88 af fod? Par@ia@.4.Ofully) around
e mtﬁgellvery a fire extinguishing agent A
the?’ﬂ[%ﬁ”%'? ough. For exanple, columm 28 may be provi ded
W ttb3gne
00D A aegs 5ueR o 28 hRgs IR GRIE AR 42 ne
colymn@B may defieer threaded portion GArorpeithenthel interidrer exterior
L8l t | ne.a threaded.
surfBbEARS cBitind 30, 1o SR8\, BEPLoRLIAG B GBS fton enc
capdi2, vrhicl snayrhe peovitied withl a4Brezaledoportionf34gooefigured to engage the

' . ' 2+, Whi. gh b id
o B STy T o B st o
andiseabthipdng @ ofocolBmno28.t he col unmm 28. The pi ston end

' ' . t J . apnd |t d 48 of
coftel 23S PO THERY fefisfein Tiasadm 21bas; Me-puempisey
a0 e oy St ol g g g
i ncl udes a | )
o8. ﬁ]& & PeraEt Ry | 8 taret&meeslamiogcﬁq sefigred to engage a
threadsd ipprties 62 IS Ba8ePdriibR %@‘?dﬂﬁ’éy’ E%b%r@gn gé‘ ﬁaﬁ? tb%ZrﬁSunted on

ortion, 58__The cap portion 56 ma e nmount
the 'E%%%PBBHW 88 fo8 examplexvagheeadedpetiopa &ddamb 62i tmoreoa

housing Sl 6588 oA RIEH sBHb da A SEFLY R e fom
of, ferexamele, 2 ball or kwmp ofmaseriatiesy.i aihepethg. expsimsior Agent is a
mol a8 B A8 ke material).

[032] Access may be gained to the extinguishing agent chamber 32 of the
column 28 by removing the end cap 52 from the end 48 of the column 28. The fire
extinguishing agent 36, which may be in the form of a cartridge, may be loaded into
the extinguishing agent chamber 32 of the column 28. According to some
embodiments, the extinguishing agent chamber 32 and the expansion chamber 30
may be separated from one another by, for example, a separator 66. The
separator 66 may include a timing fuse 67, and the separator 66 may be configured
to delay ignition of the fire extinguishing agent 36 via ignition of the expansion
agent 34 until such time as, for example, the timing fuse 67 burns through and

ignites the extinguishing agent 36. The separator 66 may be placed above (e.g.,
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nol dabl e and/or clay-like material). [032] Access nay

be gai ned to the extinguishing agent chanber 32 of the
w@eodoarmms2B8 by renoving the end cap 52 from t heP€nusS2087/006981

of the colum 28. The fire extinguishing agent 36,

which may be in the formof a cartridge, may be | oaded

into the extinguishing agent chanber 32 of the col umm

28 According to sone enbodi nents, the extinguishing

ent chanmber 32 and the expansion chanber 30 nmay be

on & ah dhe @Xingwishing agent26. E'iﬂe efmansmpgentm WhICh may be in
the?féﬁﬁro?taoéar@f‘i%q% %%I?%?& ggﬁ'aé'rﬁéf%élﬂé bﬁﬁ? Aend cap 52,

fuse 67, and ara
Wh'QBIfﬁW b@n‘npuntedmnttlh@ehdr@ e&ﬂueng:nlusim.‘?& agent 36 via

t t, 34 til h t
038" Fho'dip SHSRARSP AL b el o Ly e S aperture
68,|ag|d| arefgrrltw lﬁadl 70deighanelegdotigifer Ié'{bﬁ &ﬁi}flé@f%f' eR8mple, an
n n
ctedt el GSE0RPRYS 5o R Shotiand &% ok oo aion ang bap 52.
The @niteofeaii Ty d@ﬁtacﬂgé/ 'gb q)d@ieaﬁaﬁé) iHa é%u% ngnfﬁet

pi ston end, ca whi ch nmay be

Accgﬁ%mggo(ﬁomeﬁ gnatbq)qjmgng% a F@glg]g PR Peypdpvay iberpresent around the
ignitdrdead Fost tﬁ@cbcffé?ﬁjré%myoﬂéf(ér‘?@lé‘Qhé‘%@%ﬁ § ﬁﬁ)ot@"%dmay fill a

iter le an el ctrC|gn|

Sph?ﬂﬁﬁ'gn§a IPG?teé*x%Wb'I"é’ thﬁﬁé@'ﬁ@dﬁﬂﬂ d Chat the anerh.q'elﬁa Thy sealing
con$36 Reid e:ir%cllfuglg &‘gé‘oélr %rggorf]&faen@fgggsﬁ& 3 &s;tiypﬁg e (PTFE),

andigrhigBitempggeture siliconequbben(RTY).s Bhe wﬁﬁﬂdlmamcﬁmay serve

to r?cg.géf §95&§’§?ﬂﬂ5@/ gP%Qe?@ agrggg e %r%%% h?l'hee fan %?59@9 70 has

activaiegddbeexpansian agenis%emdhaihaatr&gcbl%ﬁm gd rf%afsoé{ﬁﬂmbhﬁforce to
e seal i ng

plerbg'y %%rﬁlgr.r@g e?(%maéga; hgn\.gglgp alot %lpe(,ent ex clay,

pol[®34a]t r afhelpister bydesp 5?“‘_@ be PrEViAEd Wi one or more seals 72,
V) The seal I ng

for B anCO a0 SEAIE) forSr.deWcE Ok Hpssmalionl foy ppovidingta sealed
relatiohstsip bé‘twééﬁ&ﬁé 'c@pAdriibn @%ﬁ%mé S.Els%1 ‘f)ﬁﬂt chp?E ¥t the piston end

%%tlvat ed t he expansi on agent suc
cap 3¢ ACUHiNG 19 Winerasnbedimenis cpre or mnnerseals 74de.g., hlgh

temﬁé@meeseﬁﬁﬁnﬂﬁb* rif sganS & B8"probidzdlp -SES%FEI' tgtgoanpg\Fator 66

52 may pr ovi one ‘or nore
and g*gfﬂ;pgor w@l qf .th@ colisnn 28. (@@ernpnlmey HE(fyﬁa@'IICTSGw 76 may be
relatio
oAt bebs S e St B BRIR T3 SR, v
dynqmg:tﬁfﬁal idmay be provided between the cap portion 56 of the piston end cap

D

52 and an interior surface of the main housing 14. The dynamic seal 76 may
include one or more (e.g., two) offset-gap piston ring(s) received by groove(s) in the
circumference of the cap portion 56.

[035] According to the exemplary embodiment schematically-depicted, the
device 10 niay be prepared for operation by removing the column 28 from the main
housing 14. The piston end cap 52 may be removed from the column 28, and fire
extinguishing agent 36 may be loaded into the extinguishing agent chamber 32.
The cap portion 56 of the piston end cap 52 may be removed and expansion agent
34 may be loaded into the housing 64 partially formed by the base portion 58. The
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cap 52. According to sone enbodi nents, one or nore

seals 74 (e.g., high tenperature-resistant "O' ring
wa@eala)isany be provi ded between the separator BGI/ERIN07/006981

the interior wall of the colum 28. Furthernore, a

dynam c seal 76 may be provided between the main

housi ng 14 and the colum 28. For exanple, the dynamc

seal 76 may be provi ded between the cap portion 56 of

the piston end cap 52 and an interior surface of the
igniterd leallod may He‘lfedl' ﬂﬂodgh&n‘i epé&rsing 78déafied, fol edamphe in the end

wal) 88t ora Hoy S 18 el im BuStira f T4 GaP @O 56 of the

pisfh eh@2ap SQCC'DIﬁéiig‘rﬂtetr@eédﬂ QO%QWeaér}‘\béﬂBéQhﬂﬁﬁlé expansuon agent
schemat i cal depi cted, the device 10 may repare

34,¢fgF eﬁ%@\%vlhﬁ%mﬂ&%rﬁﬁﬁﬁﬁaﬂﬁ'@"&ﬂ%ﬂ*@@%’ qUPéh@? end ﬁf the igniter

Ieaa‘?‘éﬁ wmc%xte% mr&!@mtr?élg?éﬁaréés Bhthed DBab ﬁaam&si 56! THe cap

he col um 28, fire extingui shing e
pomga(ﬁﬁjmaryttben the Beuntedipeihe @a@gmrh@n&%o@nclmm expansmn
t 5 r v,
a0 Rt e ba o108 PO AL By T ¥nd SR ghats 72
magprovidei aabl lysthotlalhdawyglumaj i=twpenthe capgoriibe |5@mndethe base

, 70 e fe rough ,an eni ng_ 7 i ne
pori8A 38 B ol tel o siHBGa e M H e sed G iy i =fifwed to cure
priortbaigenef thepedavicee 168 in the cap portion 56 of the

is cap 52. The igniter |lead 7 e epbedded .

P01 o R e o 52 gy b ippled By e callig e
respéb%tfﬁéad@@ lpbrt%s’iﬁlvléﬂf@ 50.f TRe eHtl48of the cbmhhrﬁ esB havnng the

ad g}ICh e%@“}f’i throu)?h the aperture 68 of th

p's{%}o 'E}%F?P mgun BORSNRY BR 'B%e"ﬁ%q/'fttﬂéheﬁ%a'ﬁﬁlﬂﬂsé’w14 As
theQdbllima JBRANBEREH G’rﬁloﬁﬁe rﬁQﬁm‘ RS diag t1|3fetr?é(i§?ﬂ%'r%h(ﬁ99'ﬁﬁay be

34 in the housi ng 64 of the piston end cap 52. The one

pullgd fremetheqpening 78D the Maindausingd4 damravent exoessdemgth of the
lgnﬁ&al'eaaef()"ﬁ'ﬁﬁw ééﬁjrﬁﬁﬁtlﬂgr%ét\g%eﬁQh@qﬁs Heer*%f‘?%p B@#ﬂidafhe end wall

According to sone nments € Sea
18 béthﬂ nmbouamluwe anertheo:cusren@ hag beemquey merted into the

0, t
ma[n ﬁ&sn QB Vi |§§ésg<gsjt2 ?\?Qa?hr Feate égﬁ%lgp Bgﬁg '@5‘"4?53‘%‘39 14 and
seci]hed emplam with thes retainen2428 havi ng the piston end cap
ted, thereon into.the
JBRAE" Tt AR I ar R ARl o Praaoing 4 elkstipprent to
thehgmﬁeﬂgadfm therebgrighiinglthe @xpansivn dgentidd, et dcramatirally-
78 | the mai n housing 14 A% pr.event exce?‘
deqlgtﬁgtlﬂ nce the expansion agent 34 has been ignited, the expansion
agent 34 generates a pressurized gas 82 that is in flow communication with an
upper portion 84 of the hollow cylinder 16 of the main housing 14 via the aperture
68 in the cap portion 56. As the pressurized gas increases the pressure between
the cap portion 56 and the end wall 18 of the main housing 14, the column 28 is
pushed toward the opening 20 of the hollow cylinder 16 of the main housing 14,
which, in turn, pushes the piercing end 42 of the column 28 with sufficient force to
pierce, for example, a wall of a container (e.g., a top of a cargo container, for
example, when the device 10 is mounted above a container in a cargo area). The
guide/stop 22 and the cap portion 56 of the piston end cap 52 are configured such
that the movement of the column 28 is stopped when the cap portion 56 abuts the
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igniter lead 70 from accunul ati ng between the piston

end cap 52 and the end wall 18 of the main housing 14.
w@e@e/1118¢7 col utm 28 has been fully inserted i nPGT/UB®07/006981

mai n housi ng, the guide/stop 22 may be assenbled to

the main housing 14 and secured in place with the

retainer 24. [037] The device 10 nay be activated by

providing an electric current to the igniter lead 70,

t hereby igniting the expansion agent 34, as _
guidelstomPRcaid pravgints tie bﬂuﬁirg284ror@®é©at‘ét€hg?ff§ﬁﬂﬂieqﬁam

oG 14, oL, paaainh et 44y tersaierd Ay dlpp roniured, for
exampjml Sbctﬁét e ielsBuidg éﬁ@l%‘te@%tlgﬁﬁoﬁdoﬂﬁe ixpah8ion ent 34 does
16 of the marn housin 4 via the aperture

not; %‘CFE %QH’%&’F?%HeﬁthMQVF@ Pessuri zed gas
' nC[fO@jSeslqmﬁorﬁ’bWﬁéJéﬁpé’t%l&ﬁ ehi‘94crﬂ§y%ﬁie A é\ltﬁﬁ d%ggatlon of the

the end wa 18 of the nmaln hdousin
timing fygerfliat hgaseparator&fenOngedbe émngefuama?dwmylthm@h to the

okt g 22, by ey By e g0 wncr
geneyajgsca gas thet eni)‘@tha e)stlrmummg mamhmﬂ&c)ﬁﬂ'rehcﬁmumn 28 via, for
e.devi.ce
exdffipie? bpBrifidiia S Difies 48 (R S sdf8 o dbty i e
extipguishisg ageh? 36)1 thto hrgeuapﬁptlfet cmgtﬁﬁﬁarahatngﬁs alrélaa béed pierced
e nove
by R piRfciBh are i o ol 2he Tha 0% FalgRoa inta e dnterior of the

coritdmagumbj séne tdXopndh Qé§‘¢:&iﬂtﬁtﬁahm byrpﬁe%g dridIdt extinguish a fire
he expansi on

in 65 5oy SFitE Bantaiias Ee dOLRHATDPIe. SIOUDRREE AR terforing with

thewmﬁ-orsprdoaah of g AF AStHeCcditBfer!l €d by ignition of
t he _expansi on agent 34 does not exceed a burst

pr 4938} e MC?W@&/ﬁe@ei@nbpdw?nﬁSg the devicef1Q may be configured
to rSPé%@:Sﬂr@réﬁ?@msl-@gg 5p¥nﬁi’»§ ndieSibh d(g‘@ac&l\/ éﬁélﬂgleofthe device 10

he timng fUse e separ at or
may bei ¢cg1frgm§ed & relense firdiextipgu ISbl@mg@xlﬂEhglpllsdaht)gof tlmes for

h 3
oxef58 (RIS s, LA goF ShEMMIELI 0P Rl cotlie t
releasei ﬁrgmﬂhlgugﬁmm@a‘gent 3a g;mfa flgﬂi aoehsion, %&m !ﬂa?]t, ferexample, a fire
. . 44 [
wi G 3B g 56 St ekl e oG e amete,
abduhB@rmmutefs to bboabnt ai ner that has al ready been

45 QEEE Ihestafinf 4 Aevite: 1 pirorind Fosedia ahenimegis may be

configursd thréI@éé@ ﬂregéﬁtlrfémslﬁinbfhﬁedm & 4BBHRE int146PExample, to
sup%)rgetaslsn ?’re in the contalner that has reignited or flared up as a result of
diminishing effects of the fire extinguishing agent 36 released on the first occasion.
The device 10 may be configured to repeat the release of fire extinguishing agent
36 a number of times at intervals that are either relatively constant or that vary. For
example, the device 10 may include a plurality of supplies (e.g., pellets) of fire
extinguishing agent 36 contained within the extinguishing agent chamber 32. Each
of the supplies of fire extinguishing agent 36 may be ignited independently of one
another at different times via, for example, electronic fuses and/or chemical fuses

that are configured to sequentially ignite the supplies of fire extinguishing agent 36.
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in the interior of the container by, for exanple,

snothering and/or interfering with the conbustion
w@e@cassIDf the fire in the container. [039] ARCDUSI0T006981

to sone enbodi nents, the device 10 may be confi gured

to rel ease fire extinguishing agent 36 nore than once.

For exanple, the device 10 may be configured to

rel ease fire extinguishing agent 36 a plurality of

times, for exanple, four to six tines. In particular,

In tHLefa@ﬁ}ﬁrP Sohtt BRbRAmEenld beitheedevise MOl Pagdd Eof gurﬁd to suppress

ext I ngui shing agent 36 on a first occasion, such
a fitein axaentaieer torian extendrd dusatiom phtime, fprexarpple sipcte about 4
hong%r a period of time ranging from for exanple, about
"mnutes to about 45 m nutes. Thereafter, the device
10 HAO)r dAsgording donsoam edihesimentsa fhe deyiner 1@ mayibe @ctivated

| s Osch t f
rema e Aoy EuGEEERN Sor BB, ¥ schelfifilyadiaiedth Fig. 5,
oné as niceglsteefion delicas @l mayase asedesbcm detedt sinokeyineat,nand/or fire
on S S o oSH R YD SRS S iciafe. such
defe%ﬂ@ﬁfdew%(éﬁb@m pé d‘dnlrgu@d tdgeh s blsignagﬁaicaﬁﬁe af the detected
mber of times at intervals that are efth

smp&eahe@fe pdirfiestt taa coplelienys thﬁi&er&%ﬁr@al g the device 10

g ?% i'gQuﬂ@? ead 7bUGRich, Ph H.irﬂ' hENvatbs $HE RbiLdAN @B 6F the device 10
Ire extl n%gl shi ng agent 36 contai ned

to mer¢ﬁ a waiboteme ernipiner ¥ anpbdeliverdhpdire sxtinguishing ageat 36 to the
int f*tﬁ tnltélh[afggzt AREH Rﬂeﬂgt ¥ ?Pdrptﬁ)nmﬁ)(e Riyriad fohPthe

I n epen e anot erent S VI a,
defestion xmmms) 20 eway msult Nuareindicationy toch Sight srew nf dlae detected

s 4€ R 4 GE R SR b b Btvate a sytem that
seffids hisignal 40 tke elebivei mmnlcbfamlhatakahﬁe(:@e\ﬁﬁe My be

configuyre Q re afire in f.

oxct Wt AR RBTRG S &k SmRenBREL 5 dgVigh dBhas been
deSaitied in RAIor RSN diraeaft, uiseoBthe gzt eTe0tS not imitdatbem aircraft.

10 may be activat ed rem)tely and/ or aut ti C%L%Q}F

Foe%wp@ ibis contempiated that e evie’y 1er°1*4?‘§1 egls
enﬁ%rﬁnéﬁfsewa't %gﬁ?ékﬁ&%l% Ahve Rea q@@aldrptr%%ﬁght AR it

heat, and/or fire 1 associated with a cargo
imprastigalier nanyal a@pbgaw gf adire £xtingdishing ageant andor on an

P B B ot “Lhe dotcted smoke. heat .
and[@A2]f i Tdhi® applicatiorcalsorintiudes @ attmhe;iedmwmest,gvfach
dis%ﬁséé?sgr%\éi (%?erﬁglary aspects and examples of optional features.

[043] It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure and methodology
described herein. Thus, it should be understood that the invention is not limited to
the subject matter discussed in the specification. Rather, the present invention is

intended to cover modifications and variations.
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(e.g., tothe igniter lead 70, which, in turn,

activates the colum 28 of the device 10 to pierce a
wodor/10f89T he cont ai ner 92 and deliver the firePCT/US2007/006981

extingui shing agent 36 to the interior of the

contai ner 92). Alternatively, or in addition, the

signal fromthe detection device(s) 90 may result in

an indication to a flight crew of the detected snoke,

heat, and/or fire 9 1, and the flight crew may

manual |y activate a systemthat sends a signal to the
WHAN S ELAIMERISh activates the device 10. [041]

Al t hough the exenpl ary enbodi nent of the device 10 has

be i i i . 3l Gl S , .
Do ASEHORS g bbb SR MIBNRE 155 iedil win o
containek theslevins eerprisingt t he devi ce 10 coul d be used in
ot AN ' . erience a fire in a
|OEPP§%M&%{}%%H$@%§FFQP{% :gﬁ%r actical for manual
ap@ colanmcoofiguredi tocbesradeained withingthegsoiiovasibevie, the eslumn
[ i.d a barrjer. [042], Thi,s application .
denfiteESiri e HAtibe, e inok b iedtioaSinoh e diis, 2B a piercing
endscordigeredd plercespeairierand exanpl es of opti onal
parent to, those skilled

f eat . [043] |t will b
| WherSS the st chimissds REaRBRES PgrcoaRn SxpansigREgent and
the 68BoAE ciftbdras ChAfiglifed-iorcteitth iR BRAGASMingesgeritPsAd

herein. . Thus, it should be understood that theé

i nVEneTedh thedpyee iy gphtiguries surh thad upen artivaien of the expansion
ageft, IRt E8d S B8R tHERGLSAG ns?’é%‘ﬁf enhBe tﬂ%ﬁa&r&'ng end to

invention is intended to cover I cat1 ons

pengliate theaentainer argl o enalip the fire extingeishing agent to be delivered
; i ; '?ﬁg‘téj ' [ oci at ed
'”mﬁ Eﬁgﬁéﬂoﬁﬁg?nw&ﬁ&p EEM evi cac‘ethggrgftpd?'?% :ahgg'tﬁgéhousi ng

defining a hollow sl eeve; and a col unn configured to

et o i YIS & 10 whre RS it BoSHL g Shesises =

pyratechaioschiarge, and a piercing end configured to pierce
a barrier, wherein the first chanber is configured to
recei ve an expansi on agent and the second chanber is

cor¥.i Phe elévice dfadlainy @, WHarém thstsira %iﬁ?h%ir@é@ént &HHprises a
erei.n the device is configured such That upon

wh Nl .
fire gxiinguishing Ryroterhinis ehargesn

4. The device of claim 1, further comprising an igniter lead configured to
activate the expansion agent.

5. The device of claim 1, further comprising a timing fuse configured to
activate the fire extinguishing agent after activation of the expansion agent.

6. The device of claim 1, wherein the device is configured to activate the fire
extinguishing agent a plurality of times.

7. A cargo vehicle comprising:
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agent, the colum extends fromthe housing so as to
enabl e the piercing end to penetrate the contai ner and

wo oooensatshe the fire extingui shing agent to be PEl/UsmOT6981
into an interior of the container via the at |east one
aperture. 2. The device of claim1, wherein the
expansi on agent conprises a pyrotechnic charge. 3. The
device of claim1, wherein the fire extinguishing
agent, conprises a fire extinguishing pyrotechnic
cha® §evice coniguied te supprassaamd/or ektingiish acfirenassticiated with a

IoPhikhi | lvate the. expansi.on

cargh o F apSStiabRIWIhS Ratdh JENHIET e neRichREprigna.

timng famuﬂﬂg "Ellﬂﬂk?ﬂ imtrmztéarmt\geﬂiﬂefiﬁitﬁe vicinity of a cargo

ext [ { er actiyation of t expansi on

age%%g@p'rﬂ% %@#Eg%ghnﬂga?hoﬁ?w BFYE-PNhe device is

confi guradolumnaabeeived Within thé Bofdw 186V S thB&oRdRRdelining a first

pl ugal i {% of tl(geips. 7. A cargo vehicle conprising:a

deviTAMREHA SR charabep atdsastrne rpesture @ndsa piereingeend

as sesHfigueed o bleree G AIPiepONt @i ner associ ated with the

cargo vehjcle, the device conprising, a housing

mount ed YVHereiR thea figet chamberdsioenfigured to recejvenain @xpansion agent
car i i (] a.hol| o | eeye

A RSSO chaBeP i CoribtEL 3 rBPeile & g e i ing agent,
cold@nfh defi ni ng a first chanber, a second chanber, at

| east o [ ' n onfigured.to

o or co A et d16 Bey@8s oRnGUed Syl et &EtatoR of the
corfxpgnseh agemts thee aelfumn ext('jmitdsi mnageﬂiolﬁ?jb tb@as to enable the
se : | o) ured to recejve ire

oG B30 Rshiefiate i Gtaler FrCisevae the fre extinguishing

cor@gend te besdefiverédinto @onintsridr\Fithe RoftaihBEvietha At I&4st one
agent,, the colum extends fromthe housing so as to

en eg"irﬁe piercing end to penetrate the contai ner and
to enable the fire extinguishing agent to be delivered

inb? ninterior of the container via the at |east one
ap& t i@ cargo vehicle of claim 7, wherein the cargo vehicle comprises one of

an aircraft, a truck, a train, and a ship.

9. The cargo vehicle of claim 7, further comprising a cargo area configured
to receive a plurality of cargo containers, wherein a plurality of the devices are

mounted in the cargo area so as to enable the piercing end to penetrate the
container.

10. The cargo vehicle of claim 9, wherein the cargo area is configured to
receive cargo containers in predetermined locations, and the at least one device is
mounted in the vicinity of one of the predetermined locations.

11. The cargo vehicle of claim 10, wherein the at least one device is
mounted above the predetermined location.
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8. The cargo vehicle of claim7, wherein the cargo
vehicle conprises one of an aircraft, a truck, a
wo e@n1isand a ship. 9. The cargo vehicle of clBECTUF2007/006981
further conprising a cargo area configured to receive
a plurality of cargo containers, wherein a plurality
of the devices are nounted in the cargo area so as to
enabl e the piercing end to penetrate the contai ner.
10. hg cah%o {g?-hi cle of claim9, wherein the cargo
ar el & OSHIGY)(r syppsessing ians/erexginguishiag adire associated with a
corﬁéiﬁ@ﬁttﬁé%é%d&ﬁﬁbhgiﬂgg and the at | east one device
is mounted in the vicinity of one of the predeterm ned
| ocRIOVistiRg adevioe eompriging/ehi cl e of clai m 10, wherein
the at |gash 9'[@6 device is nmounted above the
predeterm neg ocation.12. A nethod for suppressing
and/ or excbhygon configueed to extend dromttiee haiushag

cont ai ne ho onpri sing: providing a device
conpri Si%%eggﬁgg@fﬂnaquerg, %'Eﬁ’urm configured to extend
from t hea fireiekthgguighingarpartt on agent, and a fire

ext | Q&ugshi n% agent.; activati ng( t he expansi on agent

sudtFPALRY the eXBROSIFNAGIH $ich that thecalyut exgenda drom the
hougirlg;\eerdi ng the fire extinguishing agent to an interior

of the container. 13. The nmethod of claim 12, wherein

del9&}i¥ering the, fre pxtingyishing agenttg argisteriaroftheicontainer.

of the container conprises piercing the container via

the colum. 14. The nethod of claim 12, wherein

del i3 et e grethediaf caigx 2nbeein wiglivgrng the fienexinarisiting agent

to affinfdi®r o W& LORtainesr &?rﬂﬁﬁégéj p%r&hﬁrtﬁleicto}ﬁta(ﬁmeF {/Ele the column.

14. The method of claim 12, wherein delivering the fire extinguishing agent
to an interior of the container is repeated a plurality of times.
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