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facility. [004] In many instances, cargo may be stored, either during
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from an gperator controlling the transport vehicle or supervising the cargo
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V}’&tﬂ%ert gﬁglaq%thin cargo containers and/or loaded onto cargo pallets for transport

while en route. In some cases, cargo may include hazardous, easily flammable,
and/or easily combustible materials that may render transport dangerous to the
cargo itself as well as to the vehicle transporting the cargo and the operators of the
cargo transporting vehicle,

[003] in other cases, cargo may be stored at cargo storage facilities in
cargo storage areas, in which the cargo may be left unsupervised. In such cases,
the possibility still exists that cargo stored in cargo storage facilities may also ignite
or explode under certain conditions, thereby damaging other cargo, the cargo
storage facility, and/or seriously injuring people that may be present in the cargo
storage facility.

[004] In many instances, cargo may be stored, either during transport or
when located in a cargo storage facility, in an area separate from an operator
controlling the transport vehicle or supervising the cargo storage facility. As a result,



storage area. In addition, there may be more than one cargo container
and/or cargo pallet located in any given storage area. This may render it
difficult to determine which containers and/or pallets are on fire, even if it
has been determined that there is a fire occurring within a given cargo
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lets. These containers are generally referred generically as Unit Load
W68 -2 Wo 2007/027600 PCTIUS20 061033518 ("ULDs"), Some
ULDs nie§cbe corshoiemibliafrhiigrsioandth eargafirgesdurpdtminioma fire is that

the cargo is often located remotely from cargo vehicle operators or cargo storage
facility supervisors (e.g., the cargo may be located in an unoccupied and/or difficult
to access portion of the vehicle or cargo storage facility). This may render it more
difficult to provide fire suppressant to an area experiencing a fire in a timely manner.
Since it is generally more difficult to extinguish or suppress a fire once it has spread
over a large area, it may be desirable to render it possible to provide fire suppressant
remotely and in a timely manner.
[007] One example of a cargo transportation vehicle having an operator or |
- operators located relatively remotely from the cargo is an aircraft. The majority of
cargo carried by modern aircraft is transported in cargo containers or on cargo
pallets. These containers are generally referred generically as Unit Load Devices
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alloy, sometimes with sides partially constructed from LEXAN. For safety
considerations, ULDs must often mate with an aircraft cargo locking
system in order to restrain the cargo containers under various flight,
ground load, and/or emergency conditions. Under federal air regulations,
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ol AR LR H nally equipped with fire extinguishing bottles intended for
manual operation, very few cargo containers and virtually no cargo pallets located on
cargo aircraft are accessible to flight crews during a fiight, thereby rendering it
difficult to manually extinguish a fire located in an aircraft cargo area using fire
extinguishing bottles. If, for example, one or more of the cargo containers or cargo
pallets contains flammable material and the temperature rises too high and/or the
flammable material is otherwise ignited, a fire could start in the cargo container or on
the cargo pallet and spread to other cargo containers and/or cargo pallets within the
cargo area. Unless someone is in the cargo area at the time the cargo ignites, which
is unlikely at least for the reasons outlined above, such a fire could remain
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undetected and/or inaccessible to the flight crew. If undetected or
inaccessible, the fire could spread to other cargo containers and/or cargo
pallets, thereby endangering the safety of the flight crew and the cargo
aircraft. The same possibility of spreading exists for other cargo vehicles
ang«cagestesage facilities. [011) As an example, shorter raoge 86033518
aircraft operating over land are typically within about 15 minutes or less
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articles are stored In a location that is remote from a person supervisin
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extended period of time until a suitable airfield for performing an emergency landing
can be reached may be essential for survival of the flight crew and the aircraft as
well as the cargo. Therefore, both a fire detection system for quickly detecting a fire
and an on-board fire suppression system for suppressing or extinguishing the fire

may be desirable.

[013] The problem of detecting and/or suppressing fires is not limited to the
cargo transportation industry, however. A problem may arise, for example, wherever
cargo and/or other articles are stored in a location that is remote from a person
supervising the cargo or other articles, such as, for example, a cargo storage facility.



Thus, in a broad variety of situations, it may be desirable to remotely
detect and/or remotely suppress a fire in its initial stages before it can
grow out of control. [014] One subiject of the invention may be to provide a
system configured to detect a fire or an unacceptably high temperature In

a anztw Ogg%ote from a person overseeing the location, sg%g ﬁ%@ é}&%%]%e%r;

storage facility supervisor or an aircraft flight crew member.

subject of the invention may be to provide a system configured to provide
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with the temperature sensor. The fire alerting system may be configured
to receive information from the temygfatig\seNsor and generate a
warning signal based on an undesirably high temperature associated with
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associated with the fire alerting system. The fire control panel ma
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PiETHidS@a0 60885 88uld be practiced without having one or more features of these
aspects and embodiments. In other words, these aspects and embodiments are
merely exemplary.

[019] One aspect of the invention relates to a combination fire detection and
fire suppression system. The system may include a fire detection system configured
to detect an undesirably high temperature associated with an area. The fire
detection system may include a temperature sensor including a temperature sensor
array configured to receive temperature information associated with the area and a
fire alerting system associated with the temperature sensor. The fire alerting system
may be configured to receive information from the temperature sensor and generate
a warning signal based on an undesirably high temperature associated with the area.
The fire detection system may include a fire control panel associated with the fire
alerting system. The fire control panel may be configured to receive the warning
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signal. The system may also include a fire suppression system including a
fire suppressant delivery system configured to provide at least one fire
suppressant agent to the area associated with the undesirably high
temperature. [020] As used herein, the term "fire" is not necessarily limited
to {dBeBYin Visible flames. Rather, the term "fire" is useglg g RiiRAGhs1s
sense and may be used to describe situations in which an object and/or
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h temperature, suppress a fire associated with the’area, an
extRgAsHe #i0dssociated with the area. The fire suppression system
may inclO28 -61In still a further aspect, a temperature sensor array configured to

determine temperature information associated with an area may include a base, and
a plurality of temperature sensing devices associated with the base such that ihe
temperature sensing devices are configured to monitor the temperature of the area.
At least one of the temperature sensing devices may be oriented at an angle with
respect to the base that differs from an angle with respect to the base at which at
least one other temperature sensing device is oriented with respect to the base.
[024]  According to yet another aspect, a fire suppression system may be
configured to at least one of reduce the temperature of an area experiencing an
undesirably high temperature, suppress a fire associated with the area, and
extinguish a fire associated with the area. The fire suppression system may include
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WO 2007/027600 PCT/US20061033510 a fire suppressant delivery

system configured to provide at least one fire suppressant agent to the

area. The fire suppressant delivery system may include a first container
containing a surfactant, a second container containing a gas, and at least

ong %%Mn flow communication with the first and Seco%ﬁﬁﬂ@%fﬁm

A nozzle may be in flow communication with the at least one manirold,

and the nozzle may be configured to discharge fire suppressant agent
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[025 om the structural arrangements set forth above, the invention
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explgiesome principles of the invention. In the drawings, [027] Fig. 1is a

schematjc_ yiew of an exemplary embodiment of a fire, detection system in,.
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a scheslignpasiobsartorotians dhrepong feiytiembedinedolafiagcargo
areg; i iS: tic, partial section view of an exemplary
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entofaca n another configuration; [031] Fig. 5 is a

schematic, partial S?&%ﬂ%er&%%ﬁ lqnye imégt of a fire

detection system and portions of an embodiment of a fire suppression

system; ] Fig. 6.is a schematic view of partions of an exemplary,.
embodiB of AR O Ay ERema A B S AaTRG g coiute a par
P offrissrgoiientign1 § he drawings illustrate exemplary embodiments and, together

with the description, serve to explain some principles of the invention. In the
drawings,

[027] Fig. 1 is a schematic view of an exemplary embodiment of a fire
detection system in accordance with the present in\)ention;

[028] Fig. 2 is a schematic, perspective view an exemplary embodiment of
an aircraft;

[029] Fig. 3 is a schematic, partial section view of an exemplary
embodiment of a cargo area;

[030] Fig. 4 is a schematic, partial section view of an exemplary
embodiment of a cargo area in another configuration;

[031] Fig. 5 is a schematic, partial section view of an exemplary
embodiment of a fire detection system and portions of an embodiment of a fire
suppression system;

[032] Fig. 6 is a schematic view of portions of an exemplary embodiment of
a fire detection system;



[033] Fig. 7 is a schematic, block diagram view of an exemplary
embodiment of a fire temperature sensor system; [034] Fig. 8 Is a
schematic, block diagram view of an exemplary embodiment of a fire
alerting system; [035] Fig. 9 is schematic, block diagram view of an
exeroparwesbodiment of a fire control panel; [036] Fig. 10pi1@us2006/033518
schematic, elevation view of an exemplary embodiment of a fire

temper sensor,, [037] Fi i To A rea
montordShE) e gt DO BB IR LR o7
schiahesiaepta 4w SMReralEmsfaRP e BEIiment of a fire temperature

sensor oy}, [088] Fig.slstivmarheneiididymntview of dhesfieenplary
te@?ﬁ@é@iﬂﬂ%?%ﬁe%f@%né’fsﬂ%r&z [040] Fig. 14 is a schematic, side
the fi

view of re temperaturé sensor array of Fig, 12; [041] Fig. 15isa
schemalf®larf et S FaRpTMF YRR TR AMBEY Wit Breqpigy embodiment
tenipdictormselnsoregirray; [042] Fig. 16 is a schematic, front view of the

fire temrtq@sar}ur%e%% 3rieNembliddebvaliBft Hdr bh Bx@mpRRMAHSodident of
el

view of re temperature sensor array of Fig. 15; [044] Fig. 18 is a
sc%gﬁéqmpgé%ﬂ%%ﬁwrbf portions of an exemplary embodiment of a fire
suppres¥idTi sy§ignt sioavechdthadizepiiiiaiow g esesdinmsrisored 4y tregire
19dmpepatiramaticopeetigy) Mew of the Fig. 18 fire suppression system
embodi shown, with exemplary carga pallets; [Q46] Fig. 20 is
schema@égiide \lﬁé\}v\ycg? as g‘fﬁrﬁ%{é&aﬁrﬁ%ﬁéﬁtg%?ém evice Sﬁment of a
reflea s arelygRsRsEAiEhown in a retracted position; [047] Fig. 21 is a

schemajizggiderigensas thechevig ofrbrigvi2(r sifi therfire mpxtemdesknsor array
p%§i|§i ;1[2048] Fig. 22 is a schematic, perspective view of another

exemplary embodiment of a device for releasin% fire suppressant; -8 WO
2007/049880 PO 158 Gowslryaatia side view of the fire temperature sensor array
of Fig. 12;

[041] Fig. 15 is a schematic, plan view of another exemplary embodiment of
a fire temperature sensor array;

[042] Fig. 16 is a schematic, front view of the fire temperature sensor array
of Fig. 15; '

[043] Fig. 17 is a schematic, side view of the fire temperature sensor array
of Fig. 15;

[044] Fig. 18 is a schematic, section view of portions of an exemplary
embodiment of a fire suppression system shown with exemplary cargo containers;

[045] . Fig. 19 is a schematic, section view of the Fig. 18 fire suppression
system embodiment shown with exemplary cargo pallets;

[046] Fig. 20 is a schematic, side view of an exemplary embodiment of a
device for releasing fire suppressant shown in a retracted position;

[047] Fig. 21 is a schematic, side view of the device of Fig. 20 shown in an
extended position;

[048] Fig. 22 is a schematic, perspective view of another exemplary
embodiment of a device for releasing fire suppressant;



[049] Fig. 23 is a schematic view of an exemplary embodiment of a fire
suppressant distribution system; [050) Fig. 24 is a schematic view of
another exemplary embodiment of a fire suppressant distribution system;
and [051] Fig. 25 is a schematic view of a further exemplary embodiment

of ¥dugsepsessant distribution system. DESCRIPTION OF-$6Mfes/033518
EXEMPLARY EMBODIMENTS [052] Reference will now be made in

detail t bodj t th
o R T, SIS o O B MR e
deSiapiraesend digtibtiionssdens or like parts. [053] Fig. 1 depicts an

exemplagzyz\;g;n b%ﬁ”ﬁ%%f@:ﬁiéﬁxéil&l%i@ﬁ%@i& éa%n:l';ﬂé?qﬁéﬁim&ﬁﬁ)ént of a fire
embodlment togg,mhe detec?_}on B séem 10 is described in relation to a

pPiessa
carg aircra own i merely as an example of one possible

environrf&itlin Wigickbtisia §9§P@Fﬁ%&5§’%é’f@w*@§w%¥ emipsiRsahes a

IS flecuppraibimtadistinitanspiaéad, such as, for example, in passenger
aircraft having a cargo area, passenger ships and cargo ships, trucks,

trains, other types oRERTIONIEISPMEXENENIARS. BNEODRARIPrsiorage
facilities, [054] The exemplary fire detection system 10 depicted in Fig. 1

may incligde; a fﬁ&&éﬂ@@@%&@sgm@/m%@éﬁdww@&&nﬁa& more
and a fire control

fire temperatur Ensors 14, e alertin

e e TR S R S e B
a dapgdraienciawipas anddheceasditipndodetatgdhessrspeardikerafrso. The
one or nEeg]fireFigmprisbik ens eReMEN akd dndndithdacatadirbeve AiGREgStern

Ca[y/imﬁ’g %9 éj,\ t /€ rﬁéﬁg%%]ﬁl'ﬁ §eiﬁrea§?é8ﬁﬁcﬁ]@§]££%§%m§ dggc?h[) E4 in relation

ra tem e hlg ay Indicate a situation

p&?e%ﬁéf@f’i?é%?&é’@ssﬁ?%"&g@o? e @a@%%t@e%@@@éoweaﬁ&
tramsjontatohinvehiidHiasgpertimg e casgo, @sulioviheoplevassoeiatel also

W%é&@l&%@cé@&%ﬁ%'%éf?&%r USRS, .t% ?asmémwge\év

ofacarg{o aircraft. [055 Accog to some embodiments, the fire

teRAPEAlGRA REFEIC NRERBE Qﬂr?@&édt%"ﬁsﬁ Ea‘é{'l%rﬂﬂlj’ SYRRHO! Sate
adrenerrdadientisgicesiamdi@ cdegsictiedaigeragilitiethe fire alerting system

16 may josdgdemndeuaprind F@H&%ﬁﬁén%@s’é&’m% Hbﬂi{c@éqw 1 may include
asspeiated wih a flr%gornstro PR95hAE é%; cll may be g fag e
examp e coc plt T ora gargo LG Dsoly R example, then?? W gensors
zdéymmmﬁugtgmgem@§§l@ntrol panel 18. The one or more fire

temperature sensors 14 may be located in a cargo area 32 (Fig. 2) of, for example, a
cargo transport aircraft 30. The one or more fire temperature sensors 14 may be
located above a cargo container 20 and/or a cargo pallet 22 to detect the presence
of a fire and/or a temperature higher than desired, which may indicate a situation
potentially hazardous to the cargo, the cargo storage area, the cargo transportation
vehicle transporting the cargo, and/or people associated with the cargo
transportation vehicle, such as, for example, the flight crew of a cargo aircratft.
[065] According to some embodiments, the fire temperature sensors 14
may be connected to a fire alerting system, such as the fire alerting system 16
depicted'in Fig. 1. The fire alerting system 16 may include a fire warning computer
24, which may in turn be associated with a fire control panel 18, which may be
located in, for example, the cockpit of a cargo aircraft 30. For example, the fire
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detection system 10 may be used in a cargo transportation aircraft 30,
which may contain one or more cargo containers 20 and/or cargo pallets

- 22 (see, e.g., Fig. 2 which schematically depicts a cargo aircraft 30
having a cargo area 32 containing a plurality of cargo containers 20 and a

PlyalineAfsaE00 pallets 22). As shown in Fig. 1, the fire tegaegadbtidosssis
sensors 14 may be positioned, for example, above cargo containers 20

and/or cargo pallets 22. The fire temperatyre senl%c%trosnla’ craﬁﬁ ?(E) hich ma
RASE ™0 B s R e e e R S C U A

algm‘mgn eysenMmed icwioelrmtsdresx 2 phsl/ A firson ARy 2onseat&R4Tg. 2
Wm@%@%ﬁé‘gégﬂ%{ m@@@‘@&g@%@r‘&’%ﬂ U@ﬁ?ﬁi‘r@fg ?éﬁg@ pesat8reontaining a
senso an etermine la

o PR et e AR Lot Sr s g et a2 A SRCR o
dds Wmﬁwnermwn@omé él@ﬁmgesw@ﬁm@ Fﬁ&@%ﬁ%@ﬁ?ﬁ%@ﬂo
fosranepieasivt/te cligbtparaopreghs hakenqarancéaepraion inaygibe
DAL a0 P %pgd%sﬂpon%fv @gv.a%re%@s ) BB Gl

a car O con or on a cargo palle for a iven atlon In

céwgtﬁméﬁ igolusiag, i Rmmemﬁfﬂr%{maﬁg@y ﬁ?ieNhﬁ%iVB@'tOrs the
cinforniton( egejvadaibar dvéfird fasipemataredensoasal tvaetedstéinkints thieether a

f'rg%tgmrgh%@@k&ﬁrlg%@mwh s ampieaARackRILGie GaAIRAkskRl

so that the flight crew may initiate approprlate action and/or so that a

flf@%ﬂ?ﬁ)%@%‘?ﬁfp%ﬁgﬁ?"@é@”?ﬂ‘ ‘the exemplary fire suppression system
40 depiffidl in Fig. 6% aiaxtihe spsteombiozlytectiinaredn(sed, fergxapls)ptiar to
thiy tif@ﬁmmg \/&B@W%g@%@lmsﬂ O,ilr%?igﬁm&&gm %ﬁﬁét@ahﬂae fl{ﬁc fthe cargo
er 19 ovige, 10r exam crew wi 1
SN SR W SR R AoRE B heL e S B e ilet 22,
trferam@nsiysaém mahpsqwmmw,tﬁ@ymwndT@ﬁﬁéw@cﬁyatem 16
Caigp bisraBgied (@M araliioia rispicHeidopvih Aceipstiag sk paimiee fire
CER Bt ISP RPLIE S0 RLSURIREY o C-RRIREUIESOO0S bt e

more wﬁempera ure sehsors e ectronic circ |try to process an

fdlightiseenempeiaiite %%W%F'ﬁ’ifb?ﬁﬁ@f"b‘?ﬂ?’é?réé’l iatyadre = pREesRlpffystem
syssene.f fegxdinplagiingLeqmpslen 2ybieiheDfiterietag érdtigr& sragdrs

1%&%3%9&1%@%@%&@ SIPIB ISR BRREabR R etam.fe!,'nvg,fAHéiws
packaged sénsors. Fore Bge as dEE%ted in

IRSARSRIf SRR R e BIETNG8Ys &%‘Ffr’é%@r%’é@‘i‘?ﬁ@?é‘ﬁwe a
afiiglyt taegviwitiméck waemiraeisrist highietinestuteralssiaihetyea sbeargs dvolved

f%f%ﬁﬂf&‘@iéﬁ?&haﬁﬁdéhﬁm% #HRAdsaRreadd tSHPAMBure of a cargo

2007/027600 PCTm§200610335
ire, and/or a temperature warming alert.

[057] According to some embodiments, a fire temperature sensor system
12 may include one or more fire temperature sensors 14, and electronic circuitry to
process and form the temperature sensor information for delivery to the fire alerting
system 16 (e.g., fire warning computer 24). The fire temperature sensors 14 may be
in the form of a single sensor and/or of a matrix of individually packaged sensors.
For example, as depicted in Figs. 12-17, a fire temperature sensor 14 may be in the
form of a fire temperature sensor array 110 formed by a matrix of a plurality of
temperature sensors (e.g., four or thirty-six packaged thermopiles 102 (see, e.g.,

-10 -



Figs. 12-17)). Operational amplifiers may be provided for the temperature
sensors to increase the strength of any signals generated by the
temperature sensors. [058] For example, each individual sensor 102 (e.qg.,
thermopile) maybe configured to project an approximate 7 field of view

on RSsRhs sensitive monitored area (see, e.g., Figs. 1 der033518
whlc?w depf?[%an exemplary field of view of a single thermopile 102). The !

s 102, for example, may be Moun
TR SH DY, Whgetood] A RPs R b ST C A TCBARHOR 385Eors to
tHagraakeully aenabr of oBisigndly aemiaed QVefa?fEﬁ%ﬁMe Sﬁf@?{ﬁper
surfacejodgy cargaés@nt@iaeééaanmm:sm@as(@-g oh@ighitengipiel ary be

Qor%tgureacbo 19 %?%1?%% g,%g% 15 fﬁ@ﬂ%ﬁ%@&%’éﬁ%"é@@é&l&%

tempetrature sensor sys schematically in F

wfféﬁfﬂﬁaﬁgrﬁfﬁﬁfﬁéﬁcﬁ%é:t@?n E)%Pél%@ s\é!H%rdP@‘%% %@%’@éﬁm &gldsgf view of
exainple trenecia-1ag, Visoahiapghsedtaives 1intpadianingeanthydetmobinted
CifeY %é8n%ﬁ8 @S&WQE'{ el@gﬂ%?h@g QQYdF%%HYQ'%h H¥d¥inum block, at

continuously” scan the orm on received from the th irty-six sensors 1 Oé

aRBNFR IR HAL A SRR S I 8 ERE In TRTBHRATIRIP SRS
asyrfabthef Mwelmsmgerirdzm ditareeafeple hifighbingnoiperétior toné 1 inch
swggg&qg@g% a hot spot,” its output voltage will increase and an
analog cir nd hold ete tor5 3) wil] hold the pe ut
voitaguiapnu A S A HERE 8 5 T E R AT BB
admwa@mqwmxum&twwaﬁ@tﬁm %aﬁb ﬁméraéﬁﬁﬁafat@ﬁmr 14
TH@yﬂdleO@émwz éﬁfr@gﬁ@]}é%ﬂé{[%ﬁéftmnﬁbar@@é(@ﬂwy@ﬁage @fiing and
sensor, i a its for, inclusio r

AT R Rl S R Y & O Ry

AR Hlémﬁgfﬁ?%?@rﬁ‘v‘%ﬁﬁéﬁom@ﬁr@’@é’ﬁﬁ&%@ﬁ?&é?%@‘éﬂfﬁﬁw@@m
campaiapis, Menaayrbgedamiiguradiowpnt péesp ofdher ity drapresats @2,
%@%&5%@0 fr %ﬁﬂﬁb%%epé‘txéﬂ %Hébé%ﬂgé? Wa@saa?s%@tﬁatgﬁo SeR Rrut

ambient temperature sensor 1 assocl tEd

Mﬂ#ﬁﬂ%we'@&m%se%gm@%@ﬂgwc 9{ﬁegp@5e‘m$8?m%*?ﬁ@558 delypid
thiee peaisontpOPRvdftdge tiffardfide isgrealtrtivankfonteibyaligeanay be sent to

pg%%ﬁ@b%ueedig‘%fﬂr %oﬁoaﬁsﬁs@ar}r@twamma&% e ghetiie A
e %én g\gxb%rxlq%{ %‘? Irr);a gg?aﬁ)de% u vo gér%n ‘ﬁ? féo?strqgg into data
atu e firevdaler |ng stem ata bit may
abet@ @cﬁw@mr&@sﬂﬁ@rw&amwm@%Qpﬁréé@awabgeéeya@y%mfygway
themAaERGIBHNERIB. tThR itcta Be BRSPS byslemayalsas ihel fee
3 POWer SERRY182 FRANGUIRL A0 BIOVLeBPLAHIR S AFRIGRRE A 4
reference temperature measured, for example, by an ambient temperature detector
(see, e.g., ambient temperature sensor 120 in Figs. 12, 13, and 15-17) associated
with the fire temperature sensor 14, to the peak temperature measured by the
sensor 102. If the difference is greater than, for example, a predetermined reference
voltage, a fire warning bit is generated. The fire warning bit may be included in the
data word transmitted from the fire temperature sensor 14 to the fire alerting system
16. . The data bit may also activate a transistor to arm a fire suppressant delivery
system such those described herein. The fire temperature sensor 14 may also
include a power supply 65 configured to provide power for the fire temperature
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WO 2007/027600 PCT/U52006/033518 sensor 14 and electromagnetic
interference (EMI) and/or radio frequency interference (RFI) protection 67
configured to protect the fire temperature sensor 14 from responding to
spurious false and/or unrelated signals. [060] According to some

embodimgsoutput from the sensors 102 may also be traﬂ?@&&%ﬁu&&s

fault detector 69, for example, if the output of any sensor 10

significantly less than a pre-fixed referenc&;\ﬂltaﬁqﬁ, In SéJC%
ciRisRtAA @R deRtmBensta IRIIBACS RTFY on &P KB AU andl/or
thintelfoocsc BFCUNgteativh iedalidudetdotoobsiitegy s dehieimforensaiser 14

fof, Sndh 5 SHirBEs sk d BMRSH alERRaNSIRRARIA word transmitter
61. The ﬁiword ougput from the fire .tem erat%lre enslﬁl‘r 14 mays "
i e

include,t xaﬁﬁﬂ%r,d %}%@W%sm OgWEﬁB “tabe ’u . ?cfgﬁﬁﬁcatlgzn,may
detiectbel transaittad te adariclejeeaesy, feoerameleoi filevtprtef any sensor
SURRr ASSiahtiealive YsSYRERN pattieancrsrarite werdgehaakUsibdl dgstances, it

dopicts a0 SxmBy embopiment of 3 e oG KSIEDAG NG ang
be used, Tor example, with a'fire detect stem according to some

ons
erfisdait eatectphEgireay st ﬁ@'%vé%rﬁ?ti@nﬁ)éwm@ forfarvpit g dire
casnmiehad worbydmsvorteeasenitiriccof qaehdefdhefiredgupesaitiie fire

S&Os: @%a%&rénééﬁﬁsmi%fmgﬂggg fﬂv&%nﬁw s%@%%g%efsﬁé)oﬁasgz,

fire témperature sensor e contfigured to transmit its data word tq
they b IHEraliete drtrstad dermBrralim SRI0] tRRIEAe SRR Paipliel). fire
cabiep b amtidetivetyelgsient atetnsi ssid paigciondpitetk the fire alerting

system i3 [naypie HIEIREdQFRmaYEISIF eiticalnmise o ARt RlAYeRm 16

oSN 0 o AT AR O S /o come

tremhodtirednto nT hisdify alagingeysitmelSangpisclumaileevestjng naalfjuter 24
Seiaatgar&y BRalee B WP &RIh - the fitd t8MbeR-taBiEehéddsandiiBRY e for
PaSSEe B eraluer 12, Hhe datadegeer fo My, Aheak SN ne
daf(a W%rds or ﬂnssmg puises an wor parlfy. ﬁenepga?a words may
trapRaHied PNt s secuprd iy tha fieraieying sYstxed Sevesxanprimple, a
caisoasesh tivistee palricaparadlel otny eviersss teaithiteiparaiatmapdt to the fire

¢ %&hﬁé Zf}stggi%‘?ﬁég K%%Qe?&ﬂ%r%@%?@ciﬁ&aﬁ%%& {apslAviragety
and system identity In the serial-to-parallel word checker 74. If, tor i
eRIFIE 295 lisdterTanl ot ARt ERTIRIERAPARY BlaTisEena%e SEAXPERIS, Via @
wordvetdip i secsipte grofectionvexstemiTe sydie catalieirsndtiegsiom tbefitdy
AREICPAGT BRI 1NSHR\PE BUGRINGall Sellig Rt Rkitaiba RllRblexers (e.g.,
converters ma{¥ be reset and may be readleéj for r_ec,eleptﬁ Iﬂ_\e next data
ngosfwﬁch control 71) and may be passed to a data receiver 72. The data receiver
72 may check incoming data words for missing pulses and word parity. The data
words may be transmitted from the data receiver 72 and may be clocked, for
example, cascaded, into serial-to-parallel converters in serial-to-parallel word
checker 74. Each data word may be checked for system label authenticity and
system identity in the serial-to-parallel word checker 74. If, for example, a system
label and system identity are correct, the serial data word may be accepted. If,
however, the system label and system identity are incorrect, and/or there are missing
bits, the serial-to-parallel converters may be reset and may be readied for receipt of

the next data word.
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-12 WO 2007/027600 PCT/US2006/033518 [062] According to some
embodiments, temperature sensor data bits may be selected and may be
passed to a digital-to-analog (D/A) converter, and a resulting analog
signal may be compared to a fixed reference in a temperature alert

copaamL-£do If the resulting analog signal is higher than e fixg6he/033sis
reference, a fire warning data bit may be generated and sent to a location

counter 73. All data hits exce t logation geg l'i}E
data bit P@%’ be SEREIRZAC 5] ‘ﬁéaln%o sen:ﬁ W?Pter 75, %I'%Fég%ycea%?gr?ts may

coarseledathdnioTiae hdresHen totéﬁiﬁé?h'@?@‘él@?t(%[ﬁa HPRVRERRIAS Ray
b?e§emh50aﬁk@d§8§@%m%§@@amﬁmm o fixdaatderenkasiforieatienishithalert

lel-t ter 75 may b
g?é??ge{aéa%ﬁ J(a %nv%:sg%a éarrsqglg r% %QEEZ“Q%@P {Ratltie ﬁ@m@ﬁc@ a fire

ata words tr9§ r&t}gq
theadeing Wateshiimeay e awﬁéegérﬁldté%ﬁfet?@e'%?ﬁﬁ'ﬁaﬁﬁaﬁﬁr 7
oiRepYRiemeraat nay arethedicakmiiing fiseabdmmobeaanbioraay also
oRoIle-G e B L R RS gmms@a%rzﬁ@t%aﬁr&

wWRAHIRG T 33 Example. a fire warnlng)s ystem eg a tIo ated fire.

W‘@'ﬁﬁﬁdaé%ﬁlﬁ@falﬁ‘)ﬁ{%@f'}iﬁ%‘nﬂﬁ toeahR E\%fb%a entsera ggnvert
detcliamsystesicOatiay innbkuperaldirpaerahgosysttan 7o naba ﬁ&%cked-ouf to
C%%E%gﬁs[}ﬁké? 78)&%%‘:%%@&&&%:1 qXED B aydkadimast otine aonil

h Fig. 9. Th t I1 f
e

fitte vthenisysteom tiemag usitiedisticalos Hrmaveag SatehitRanAsa Bdivate
wip %J&ﬁ&étektcm%ﬁ@é% WieEFLe @ydaacﬂttsaéad rfaamsmwdmmuanmwxampxe a

nals via trang ent rotectlon Ry Bass Jfézaz
eig 8&’)’@("759% agré%elve ayL e confi ured to check

incomintp@Rita \&é‘Féfﬁﬂ?Qﬁs%?ﬁQ? @i@b%@%ﬁtﬁ ﬁﬁ@tﬁ‘ﬁf%ﬁ%@tagﬁmﬁa
CORiRIAS Rrpek diatpeyssth itoaay thitre bentotd pled! itdofeeadwplpatiaiel

t 7
bR ey 2%%‘3’*%&“’%%?&“25 L remAicl

sERaR a%m%x|eﬁeeﬁ%wsﬁs‘fe/ﬂ9ﬁ?éwe A 3r %’&aanﬁ’p?ethe MR at
thegréng sysieiy fti (egeifiagarniow caauiendd I vine Rrdivatag driecrpiRide

defeiRined i ra s AR Hrld N Wil fan iR Wik it iabied dndratiemsient

SRR 5 BB LA GELE A Coeo it oo S0 ™

car d decoder 82,
amaﬁarrwmwam)dbe@d@ﬁ@ﬂ?dB@Wﬁ%éhqr@ﬁ?W@%g?@I WOrR 4pA Rising bits
CONEHIRS. ﬂﬁ@hﬁ&ﬁxﬁ@&é@a&@@ Rdasayearysegawawdisplaymanteddre
d”Yecrkg lrﬂg%éngﬂc@paargﬁ vertefr%rﬁxaigapl&a%blecméjmord may be

checked for proper label and identity. A bad data word may be rejected, and the
serial-to-parallel converters 74 may be reset to zero, for example, so that they are
ready for receiving a new data word. If the incoming data word is determined to be a
good data word, the data word is latched. Location bits received from the serial-to-
parallel converters 74 may be sent to a binary-to-BCD decoder (e.g., location
decoder 80, cargo load decoder 82, and/or temperature decoder 84). BCD data
from the serial-to-parallel converters 74 may be sent to a BCD-to-seven segment
display encoder driver 86, and then to a display 90, for example, an LCD display.
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-13 WO 2007/027600 PCT/U520061033518 [064] Temperature data bits
from the serial-to-parallel converters 74 may be sent to a binary-to-BCD
decoder. BCD data from the serial-to-parallel converters 74 may be sent
to the BCD-to-seven segment display encoder driver 86, and then to the

displseR5egygo load data bits may be sent to a cargo Ioag(qﬁggggﬁrﬂggm

The cargo load decoder 82 may determine the type of cargo that is being
monitor re le, a c container 20 or car llet 22. All

otner a1 A EREL T AR BAC S AR e AL SErafagers 74 may be
in@ruatlsy %9!@6597&@8@ Kipedrs. sBRle féaéérfﬁ@laﬁp%ﬁ@tﬂ@ﬂtmemgl,leh@oﬁverters 74
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area
temperdf66 séiﬁsgr@lm@tﬂmmetﬁmmdmamb@lime@amh@lahupllmu;mesystem

Sqmﬁtimﬁ&lﬂ&é%ﬁéﬁt@ﬁﬁﬂﬂ}a@WW@T@%@%?%&%&%@B%W@ For

ine ahrinC *}?5 I &£ %% sae'g e;emplary sensor system 12, and Fig. 11 depicts an
area of coverage of the sensor system 12 shown in Fig. 10. According to some
embodiments, the sensor system 12 may include a temperature sensor 102.
Temperature seisors 102 may be thermopiles (e.g., TO-5 and/or TO-18 packaged
thermopiles), which may be configured to sense temperature over a broad
wavelength spectrum, and which may include a sensitive detector for observing an
area A and averaging the temperature of the observed area A. Other temperature
sensors known in the art may be used. Thermopiles are sometimes associated with
a packaging and/or device case (not shown) in which they are enclosed. The
packaging and/or device case, at least to a certain extent, may determine the area of
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packaging and/or device case, at least to a certain extent, may determine
the area of -14 WO 2007/027600 PCT/US2006/033510 view of the
thermopile for a given distance or range to a target object. For example,
the field of view of a thermopile may be compared to the conical beam of
a%t) P schematlcally depicted in Fig. 10. Furtherngq,
thermopiles may be packaged either as a single unit or as mu(Up
sensors in a single sensing device. [067] According to some exemplary
entisyeniieais enArTfotR @veo ISkt oF 17198 RAIRP B ARIT e AL paemple,
sethediddLOimay e taarangdd inagrharayEiod (edbeeonidaldmah?el @)flashlight,
SULIRBIRGIRANE SRR ATERY 1D BIAKRRROHARRRISY RifADRadkaged

containers 20 and/or cargo pallets 22. The temperature sensor array 11
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multiple sections or sub-areas hsectl nor ub-area.
xu rﬁ % ? erature sens?ran’ay‘{ e] 33 ccup&eg%éone or
observa on , Tor example, an’individua sensor atemper ture

SEReET G coTRInGEe QIR serae ratisddaents, for example, a
tempergoss] sense panayld dusayt beims tmirdaver sasbraarg 110 including
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under obser nce to Figs , which depict

o B APl RRAHBRLE B9 ERIPETE 2 2Mar %%9 RAtyts,22 may be
tephpedtundesebsav aicayahd Onmayenidlided atonoultipeyseatient TR sub-areas,
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ase orme or exam nln. moldi ITa
L IR R e Fvsa A sty B Shme S flign, for
oteaMpietAdEnRaratse RenadhaEe S ﬁ@dwﬁi@ maﬁ@ﬁ%pm Qéﬁhpfévam re

S%ﬁfﬂ”ﬁmﬂ AA8ordaege paItne Baseld gonry: be tfeyaegoodrdars2 under
% % uminum and/or composite material, or any other suitable
materia

e mounting base 112 of the temperature sensor array 110
may inditff a NVithetestnep tbiag-nadd hich sepird exscananyembodiments
resipetiivseaitare Cenate iprmpelaiur teatsatierd Q2rismraimgymhicimaneindiele a

m%&‘oﬁs’é%% oY AR ILORS Y & RARIRD 65 (L AIDCFAGR UDGLANS! The

an orthogonal
mountlng base 112 may be formed, for example, by machining, by molding (e.g., if a

composite material is used to form the mounting base 112), and/or by any other -
method that results in the desired configuration of the temperature sensor array 110.
The mounting base 112 may be formed of, for example, aluminum and/or composite
material, or any other suitable material. The mounting base 112 of the temperature
sensor array 110 may include a number of mounting holes 114, each for receiving a
respective one or more temperature sensors 102 therein, which may be oriented at
angles that vary slightly, for example, from each other and/or an orthogonal
reference O with respect to the mounting base 112. In other words, the mounting
holes 114 may be oriented, for example, via drilling and/or molding into the mounting
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reference 0 with respect to the mounting base 112. In other words, the
mounting holes 114 maybe oriented, for example, via drilling and/or
molding into the mounting _15 WO 2007/027600 PCTms2006/033518
base 112 at small but slightly differing angles, such that the temperature

seRePIn A %oare aimed at multiple-fixed aiming points locaigehRI3MIEBISR
to be observed. [070] As depicted in Fig. 10, an exemplary temperature

sensor, 102 nclu sensor ucha a f
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temperature observed over t entire area being observe IS may

pleEBRafsEerRsaHR, 368 darpreiestivdlin e 89%‘?&"?@5’6&5‘3#?531&?&9&"93 A
teshpanatiiby thereageeattaréosaimed OB Gpetdoeatedlin Astmesub-Adsated

tk@y%@iéﬁﬂﬁ%ﬁ@% QTR ﬁ@eﬁl%@ﬂ&%%ﬁttﬂé%mﬂ?ﬁ%t%?e%?HW

measures the average temperature or the entire observed area A

oA igh YD IS RS AP B HeRERALBAN BTFPIS %%EBW@&%‘?@& the
dirsttheahibedomprriyrpisenspndaiseid T Buatedwnpatiinrenalysensdl ofer the

eéﬂﬂf@@eWB@iﬂ@@&@ﬁ@@tam{%fﬁ]a@riﬂﬂyeﬁﬁéﬁ%éﬁm&ﬁef@rb%% Qhermal
exam Stﬂtlsoﬁ:'uaz!xl ed. ?Ot Sgrattuth%r%cr% ?ecstxeg%ca zecp‘qllcfi 18 tp(?o% (taé (e

Ofe re In a carg O er ma m erature
séﬁ%@r?%ﬁfﬂayfrtém@taé CPEa%mﬂji ﬂf&@dbe%@;%@méf‘@%ﬁmpﬂsature
aleiiisty mdhgtitedr i ausd0claipOAeIE thedsniill bissexRlaiars in, aore

dﬁ)t&”ized high temperature may not be detected within the observed area due to this
averaging phenomenon.

[072] Such a situation may occur, for example, when cargo containers
and/or cargo pallets are observed. For example, a localized “hot spot” that might
otherwise indicate the presence of a fire in a cargo container may be detected by a
single temperature sensor, but may render a reading that does not provide a basis
for alerting a flight crew due to averaging errors, as will be explained in more detail
below. On the other hand, an array of temperature sensors 110 mounted in a
mounting base 112 such that each temperature sensor 102 observes a sub-area of a
larger area, such as the top of a cargo container 20 and/or a cargo pallet 22, may be
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below. On the other hand, an array of temperature sensors 110 mounted
in a mounting base 112 such that each temperature sensor 102 observes
a sub-area of a larger area, such as the top of a cargo container 20
and/or a cargo pallet 22, may be -16 WO 2007/027600
PCT/U82006/933518 more likely to detect the presence of ' h% sha 6%33518
thé’f?ﬁgy B&4R indication of the presence of a fire in the cargo & CORtAIReT
20 and/or on the cargo pallet 22. [073] Durlng operation, a thermopile
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9 square inches. The thermopile will detect an increase in temperature,
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denigmapileanh eserew hahpeiatiialle r-ranitIed, thedempiasipietely
fe&%%t‘x‘ﬁ% ﬁqgﬁhaée%b s8N %‘&%5"@ mtrtaessg'tén{raséré%%%? %w%hrennert
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inrttieblexampler ahewshywpith sty hetetapeyat shegts rizet dheeneisig, device at least
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erature sensors would see the 9 square inch "hot spot"

of the nine tem
R AP R e AR ST ot opor 1o b about 1605
FahrenHeTdlf, HoWwewersthen aespbtinedsroberatvesisetpgatlfeoy. tnioe

termara&rrée)swmar{eéyrs%éartyem@@&m@@w@wf@&%ﬁ%&em%e
almed rbthat thgyeaaﬁ ob ser e. one}l/,labo%t half of the 9 squ re inch

'55 319 Ei‘oweé;tv‘temperatur iherwould observe. %veulg B k5o e square
1@@9’2@#%#@@(6}%3)n@?€d§m%€1Fﬁﬁﬁbé?fdtft'@mﬁét%t@@@éﬁ@tﬁ§ensor8
obagidisgeathca9amoira gitterhsizpet angivenld sitatehdheripaariatufehat “hot

S&PE %@é(é%%t’ eR4lgLed alk ?‘rtseitutwbﬁlvg@é?‘iﬂggho? {nérp%%s JBerved
example, than the use of a single temperature sensor, for a give
equally by two temperature sensors (e.g., by virtue of each temperature sensor

being aimed such that they each observe only about half of the 9 square inch area)
the lowest temperature either would observe would be about 131.25°. Therefore, by
increasing the number of temperature sensors observing an area of a given size at a
given distance, the temperature sensors may be rendered more useful in detecting
“hot spots,” for example, than the use of a single temperature sensor, for a given
distance between the temperature sensor(s) and the area to be observed.
Furthermore, the higher number of temperature sensors used to monitor the given
area, the more sensitive the detection may become.
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distance between the temperature sensor(s) and the area to be observed.
Furthermore, the higher number of temperature sensors used to monitor
the given area, the more sensitive the detection may become. -17 WO
2007/027600 PCT/tJS2006/033518 [075] According to some exemplary
embodiments, one or more of the exterior surfaces of the cont%ners ma
bevg:%ﬁ?%{?%ﬁ"{o have an emissivity sufficient to provide effectiverea n3‘lsg§
by the temperature sensors. For example, the upper surface of a
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e.emissivjty via.a method.and/or device that will resis radation .
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seiysFiagrie vPpetypfersofiiEigenteiney . tHbaimpibeat bt ieressingriag
1 nisslyity Rhesien thetpee REREg Ragis skt Al@Ni thrisird@amentiaed. It may be
S i ] j [ .12
LA Ul A VY ol o b SR RE
b&&Eredotion SAIFFSRY eTbr example, a cargo area 32 of an aircraft 30.
In the ef@faplaty tabreinpeny dehotidddnt bfta ) theatermpseratiraray 110

SRR FArgEe AIANGRE dhDOAMRESBASH 5AY5 ASLY GUHR e mounting

althouq%‘?tﬂe%rrr}l rature sensor array 110 according to some aspects may
nRRSEe A R S B PSRN LA IR e oiTing dasad 12
diffeeinyedifigbrasdng. Maeievtetes aymternpbratrtgsengd canfigyredo attach
deRiGiRfMg Bade AISAIRCLIEBSAINCTIPSLAMER, 383h HAEh192 of an aircraft

determining the ambient temperature in the car rea 32. [077] As
R S R R T TR Tty v 102

aRERERDAPEHE MRIRIAGTRISEVEZRE Sk Sriv S, aifBcaiahdarapeirgimgsensor
diffesint @aglerifngts eomanepetsandystcidbalifera0NuRBaHOE eriperature

teBRSIRIYER SABRGLY iﬁ%@&geémﬁﬁg'%Qﬁg%%@AQ?%NJ@%&%B?Q@@Nfe

sensors 102 were each aimed at the same an% with respect'to
GO BESE RS 2FEmekiisRicisdrinBiao! 2 atsconaiias migpperature
osttrogori&Dtivthieterounitigthbasebiel? t¢6 B Auroidihg tateazadhlary

embodifeAt deRIGEHHBIIYFd: 1 and 14, the temperature sensors 102 may be
arranged in the mounting base 112 such that they are aimed at slightly differing
angles from one another and such that the combination of the temperature sensors
102 observes a larger area than if the temperature sensors 102 were each aimed at
the same angle with respect to the mounting base 112, for example, parallel to axis
O, which may be orthogonal to the mounting base 112.

[078] According to the exemplary embodiment depicted in Fig. 13, for
example, each of the temperature sensors 102 may be arranged at an angle (84, &8z,
O3, 84, Os, and D) that varies slightly from the angle of the other temperature sensors
102 and/or from an orthogonal line with respect to the mounting base 112 for a given
row of the temperature sensor array 110, for example, as depicted in Figs. 13 and
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example, each of the temperature sensors 102 may be arranged at an
angle (Si. b2, 63, 64, 65, and 66) that varies slightly from the angle of the
other temperature sensors 102 and/or from an orthogonal line with
respect to the mounting base 112 for a given row of the temperature

SeRgghAHAHet 0, for example, as depicted in Figs. 13 and k& Nos/033518
2007/027600 PCTIUS2006/033518 14. For example, the angles 61, 62,

63, 64 5, and 66 ra e fr to about 60 deqr
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S
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to Some a (?dbnc;l\?nt the fire tem éo?rat res nsor“l.4 may, include f ew%2
temper u'rne senso?s?aﬁ FAnIREEm %d%@nteagplc %elll’%tlgl sefforf may

Fopediisiprd, and therApligryatientatitpr raeuriing hase 1212d@9whsoﬁiﬁqre@§
15-17 inckajes Arubidgingpierestie aapsaractis, thatireayscletaiedsnsdr 14 may
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exemplary embodiment depicte for example, eac

ter%embﬁéagé%%oﬁ%ef@fﬁfﬁwm@eatﬁ@ﬁs@m SeNSAG I depisiRe épTiomi15-17
vaieidtigFaly feomeatzusn ghasfrshtDdtthat rieynpe tatatedsems arsahfiao distimize
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ro ure sensor arr example, the temperature
se\(lr§1le oS E]T%j %e%%)é? &8 88%‘?&@8&%&*&”8@3 ofﬁﬁﬁ?ésb mawbe,g
depigrgptha-risangel®,; ant Seldhahesinaslighthefioartierangtseofdhe other
terappisttite sSenseEs1b02Rany herlifie wiMogithitheecmiigsuptianPhhmounting

mBEQé'Wzb%FS &:{7% sy ol?%ﬂdlg%[:gg}ature sensor array 110. For example, the
temperature sensors 102 may be located in corner regions of a mounting base 112,
as depicted in Figs. 15-17, although the arrangement and number of temperature
sensors 102 may be different, and the configuration of the mounting base 112 may
be different.

[081] As shown in Figs. 15-17, the exemplary fire temperature sensor 14
may include a mounting base 112 having a number of apertures 122 for mounting
the mounting base 112 to, for example, a cargo area 32 of a cargo transportation
vehicle, such as a cargo aircraft 30. As can be seen in Figs. 16 and 17, the
temperature sensors 102 may be mounted in the mounting base 112 so that they are
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[081] As shown in Figs. 15-17, the exemplary fire temperature sensor 14
may include a mounting base 112 having a number of apertures 122 for
mounting the mounting base 112 to, for example, a cargo area 32 of a
cargo transportation vehicle, such as a cargo aircraft 30. As can be seen

INWiDsedf2d6 17, the temperature sensors 102 may be mQuntashigdiis:s
mounting base 112 so that they are -19 WO 2007/027600
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4REWTON MIQNIING A RPRESHERRRR R HE Upper surface of a cargo
container 20, and a temperature sensor array 110 having a larger number of
temperature sensors 102, for example, thirty-six temperature sensors 102, such as
shown in Figs. 12-14, may be used for monitoring the upper surfaces of a cargo
pallet 22. Of course, the number and arrangement of temperature sensors 102 for a
fire temperature sensor 14 may be determined through routine experimentation by a
person having skill in the art.

[084]  One or more fire temperature sensors 14 may be mounted
throughout, for example, a cargo aircraft 30 cargo area 32, and the number and
location of each of the fire temperature sensors 14 may be determined, for example,
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pallet 22. Of course, the number and arrangement of temperature sensors
102 for a fire temperature sensor 14 may be determined through routine
experimentation by a person having skill in the art. [084] One or more fire
temperature sensors 14 may be mounted throughout, for example, a

capgp A a0 cargo area 32, and the number and locatigp Qi Saeh A5
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aettasigroultn Riter the HABRHICMPEISRIFCBIA% ISMRSAANEHITRY Bfcratt is in
qﬁa%ab(l% ff% %nmé?aef\mbes%%%se the groynd te?m eratg?{e of some
eographic regions may be rerat velﬁ@&j{@’gﬁ PRI L LHRRIG Hben

vW "W!ﬂf‘é’ ﬂﬂgﬁ?@ﬂﬁ’a i fpes Aembestivres @tscdeestiv cudgmpaoundy be
repetiaidy Aiglior during in-flight operation. Monitoring baseline ambient cargo
temperatures may be desirable, for example, because the ground temperature of
some geographic regions may be relatively low (e.g., in Alaska during the winter)
while the ground temperature of some geographic regions may be relatively high
(e.g., in Arizona during the summer), so that that monitoring a single, fixed baseline
ambient temperature might result in the unintended triggering of warnings. On the
other hand, in-flight operation temperatures may not experience much temperature
variation.

[087]  During operation, the fire alerting system 16 may be configured to
issue two types of warnings. For example, when a fire temperature sensor 14 (or
any one of more of its temperature sensors 102) detects a temperature T1 that
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(e.g., in Arizona during the summer), so that that monitoring a single, fixed
baseline ambient temperature might result in the unintended triggering of
warnings. On the other hand, in-flight operation temperatures may not
experience much temperature variation. [087] During operation, the fire

alertlnﬁ; A%tem 16 may be configured to issue two types of warnln%s For
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include one or more fire temperature sensors 14 such as, for example,-the
exemplary fire temperature sensors 14 described herein, which may be configured to
detect an undesirable temperature rise and/or fire that may be associated with one
or mare cargo containers 20 and/or cargo pallets 22,

[080] The fire suppression system 40 may include a device 52 configured to
deliver a suppressant material to a cargo container 20 and/or cargo pallet 22
experiencing a high temperature and/or a fire. For example, if a fire occurs in a
cargo container 20 (such as schematically depicted in Fig. 18, for example), the
flames 54 of the fire and the base of the fire may generally be located within the
interior 21 of a cargo container 20. Since the fire is located within the interior 21 of
the cargo container 20, it may be desirable to have a fire suppression system 40 that
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or more cargo containers 20 and/or cargo pallets 22. [090] The fire
suppression system 40 may include a device 52 configured to deliver a
suppressant material to a cargo container 20 and/or cargo pallet 22
experiencing a high temperature and/or a fire. For example, if a fire occurs

in yea@Rseatainer 20 (such as schematically depicted in Bigp 800633518
example), the flames 54 of the fire and the base of the fire may generally
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C%@%&I &%P@Q(lzﬂ Q?dcg Qﬁﬂkﬁé%pﬁﬁpmg}é%hpm%‘i B&e position such that fire
suppressant can be delivered to the cargo containers 20 and/or cargo pallets 22, for
example, in case of a fire or thermal event associated with one or more of the cargo
containers 20 and/or cargo pallets 22. For example, the fire suppressant delivery’
device 52 may be fixed overhead in the aircraft fuselage 31, for example, via a
mounting structure 64, which may be formed of extruded angles and/or beams (e.0.,
aluminum angles and/or I-beams). The mounting structure 64 may vary depending
upon the type of cargo area (e.g., of a vehicle or a storage facility) arid may be
specific to the type, shape, and/or size of the cargo containers 20 and/or pallets 22.
The mounting structure 64 may attach to a base of the fire suppressant delivery
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suppressant can be delivered to the cargo containers 20 and/or cargo
pallets 22, for example, in case of a fire or thermal event associated with
one or more of the cargo containers 20 and/or cargo pallets 22. For
example, the fire suppressant delivery, device 52 may be fixed overhead
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[095]  According to some embodiments, the nozzle 56 may be held in a
retracted and/or horizontal position by a detent arm 89, which engages a depressed
area 91 in a detent cam 93. The nozzle 56 may be configured to rotate, for example,
approximately 80° in a frame 95, which includes two frame pieces 97 and 99 held
together by frame bolts and spacers. As the pivoted link arms 71, 73, 75, and 77
extend, the nozzle 56 is driven to an extended and/or vertical position via, for
example, a spring 101. The nozzle 56 may then be locked in a vertical position by a
spring-loaded plunger 103, which slides in a lower detent mount 105 and engages in
the detent cam 93. This may prevent the nozzle 56 from folding or jackknifing upon
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for mutual support of the pivoted link arms 71, 73, 75, and 77. [095]
According to some embodiments, the nozzle 56 may be held in a

retracted and/or horizontal position by a detent arm 89, which engages a
depressed area 91 in a detent cam 93. The nozzle 56 may be configured
to %%37/59;693<ample approximately 90 in a frame 95, whigh.jRclydes.two
frame pieces 97 and 99 held together by frame bolts and spacers. As the
pivoted link s 71,73, 75, and. 7/ extend, the ozzle 56 is driven to
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%%%W'Fﬁgylolpen a valve (see, e.g., Figs. 23-25), which allows fire suppressant
under pressure to flow through the nozzle 56 and into the cargo container 20.

[098] If the nozzle 56 does not encounter a cargo container 20 during its
downward travel, for example, when there Is either a shorter cargo container 20 or a
cargo pallet 22 in that particular cargo location, the extension device 53 will continue
to extend to its fully extended limit until a full-extent limit microswitch 118 contacts an
adjustable contact 119 (e.g., an adjustable eccentric contact), power to the motor 66
will be terminated, and a valve (see, e.g., Figs. 23-25) will allow fire suppressant
under pressure to flow through the nozzle passage 107 and flood an area
underneath the fire suppressant delivery device 52.
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may be triggered to terminate power to the fire suppressant delivery
device motor 66, and may open a valve (see, e.g., Figs. 23-25), which
allows fire suppressant under pressure to flow through the nozzle 56 and
into the cargo container 20. [098] If the nozzle 56 does not encounter a

caygamomiainer 20 during its downward travel, for examplecwhgssbersis
either a shorter cargo container 20 ora cargo paIIet 22 in that particular
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l?}%cﬁfe%i%ﬁ\%tcm%%ﬁppress flames and/or which may provide a large
cooling effect, thereby increasing the effectiveness of any foam agent delivered to
the fire or heat, for example, by substantially preventing the boiling of the foam agent
prior to application to the flames or heat.

[0101] In the exemplary embodiment of a fire suppressant distribution
system 120 shown in Fig. 23, for example, a foam suppressant agent may be
contained in a container 122 (e.g., a pressure vessel). The container 122 may be
formed, for example, from aluminum-spun carbon fiber or other suitable material
(i.e., when container 122 is a pressure vessel). The foam suppressant agent may
include, for example, a surfactant having a propellant gas and an aerating gas
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increasing the effectiveness of the fire suppression system 40. The fire
suppressant may include a chemical knock-down agent, for example, in
either a gaseous and/or particulate form, which may suppress flames

and/or which may provide a large cooling effect, thereby increasing the
effectivene f any foam agent delivered to the fire or he I
byngs%gésgt’g%ﬁﬁﬁ/ preventing the boiling of the foam agent p?cﬁ&?gﬁémgﬁs
application to the flames or heat. [OlOJé{)IEn the exemplary embodiment of a

fird 1SR pre JRE TR SRR BHRITR S PO ISP LR P iR #9022 Shrying vy, Bor
fosrasplpibsSantregamressgnbegenintay bd fewtedriwithembAoiyapn aarrying
PregsWRYeSSRl} KamaRNAIGEA BRIRAYBEN far oty Mo AMRIR NI ted
alajmlnum&f.é)un carbog%fl efr or other SL#Ita le mﬁlt ri (ke., vlvgren ARGET
coRtAih&T Y 22498 P8 SPe?FHEé&S’:ﬁé’?Hb%aélﬁ?ﬁ AP YR Fidy
indllidisdordingioslemne exafapamenbadianitopédkmiasasraier sanbeatinyided
0 -gEnVYRIRDRHABRR PG b§RR0FOI3EHDI8iese eshtbsreiatdPmay
SAMPIe SomEnnal SITHare.3 G4 0f ShaMINg, sream EQL SAMAIR, DS fows
foam suppressant agent'may be aera e With & Nnon-oxygen e/arrylng 8as
sUBFPESh fhe Al ECTRfb dRpT YR elRjhe fanm RyRpIsesant agent. The
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f'%ﬁa&@ﬁf«%tp&%%ﬁ&@@%fﬂ%@ﬁ%@%&%@@éﬁ{'&&e‘?ﬁ%ﬁ!ﬂ%%@ﬂtﬂw
agaent. h? surfactant m@ébe_alt%rz_%)se.%.,;tc?‘grré%alvlﬁ‘&é)_ V%E(clts £ multiol
propaia<OL TXATRIE & Sk RS R QATBLI A A P BE PR g Hf multiple
opptianiclelasd fies t2priopefie suoprrssantatwivervidevid $2 pugiionatever a
sufgaﬁ%hm%gee aﬁa/&}@eﬁge%&mmm(geﬁ@amg &ﬁ%ﬁ&n@;ﬁiﬁﬂﬁw

and gas may geperate a foam suppressant.agen ich may, then flo
B e 8 e A b I e e e B e
of FAIRGIENS R PReBd TAESY Seerdnerhe SomprasiRserThRSSNSER flawsbrough
paisititn et mpressartaigivargniaiers20ansholt aaigeiteiieilrjexperiascirgrgo

andasi by, @m@%@%@%ﬁ&a{gggﬁéﬁ Rt DS %rgk&e/\%kﬁf%gﬁn? Md/or

be Igcated in the branch teed line may open, t irecting

theXHBEHFEING e A i e tioHBY tReeRiRoik S afutenpprakisnpasmalsd
dexific &b Zangeesentamnar a8l thrertogoippieisinto a cargo container 20 or

substanpaligblenke@mp) aalstidted G RiYsaHPRIGSHNGARAN system

shown in Fig. 24 includes two containers 122, one for containing surfactant and one

for containing gas. For example, the surfactant may be a foam marketed by Ansul
Inc. as TARGET 7, and the gas may be a non-oxygen carrying gas such as nitrogen
and/or argon. The container 122 for containing gas may be a pressure vessel, and
the container 122 containing surfactant may be a corrosion-resistant tank. Each
container 122 may be in flow communication with a main mixing nozzle 132 via
branch feed lines 126. The branch feed lines 126 may each include a shut-off valve
128. The main mixing nozzle 132 may be in flow communication with a distribution
manifold 124. The distribution manifold 124 may be in flow communication with a
fire suppressant delivery device 52 having a nozzle delivery line 130, which may
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extinguishing a fire and/or cooling any undesirably high temperatures
associated with the cargo container 20 or cargo pallet 22. [0103] The
exemplary embodiment of fire suppressant distribution system shown in
Fig. 24 includes two containers 122, one for containing surfactant and one

for gRNjaininggas. For example, the surfactant may be a foalgem%&;%qsm
by Ansul Inc. as TARGET 7, and the gas may be a non-oxygen carrying
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shut- g valve 129. The main mixing nozzle 132 may be configured to
recalve Slrfactant and gas from the containers 122 and to generate a
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hehawg)as conicdirghieejoatasilimahie Bi®een 113. As gas passes through the

surfactant-coated screen 113, bubbles of foam suppressant agent are generated and
are delivered via the nozzle 56 to the cargo container 20 and/or cargo pallet 22
experiencing a fire and/or undesirably high heat, thereby suppressing and/or
extinguishing the fire and/or cooling the high heat condition.

[0105] According exemplary embodiments, each of the systems may be
used together. For example, a combination fire detection system and fire
suppression system may include a fire detection system 10, including a fire
temperature sensor system 12, which may include one or more fire temperature
sensors 14. The combination system may further include a fire altering system 16
and a fire control panel 18. The combination system may also include a fire
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nozzle passage 107 (see, e.g., Figs. 21 and 22) may be coated with
surfactant in a substantially continuous manner during activation, and a

gas may be substantially constantly blown at a relatively low pressure

from an annular ring of openings (not shown) surrounding the nozzle 56
mtgy tqr;ze ac,gr%gg]oll& As gas passes through the surfactant-%%e}gggzﬁ&g%gg .
113, bubblés of foam suppressant agent are generated and are delivere
p%%%n 120 having
sing

via the nozzle 5 etr% %e ‘%ach%) container 20 and/Pr.c I i %'é
, thereby suppres
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[0108] It will be apparent to those skilled in the art that various
modifications and variations-can be made to the structure described
herein. Thus, it should be understood that the invention is not limited to MCSLLP
the subject matter discussed in the specification. Rather, the present
invention is intended to cover modifications and variations. -29 MCSLLP
WHAT IS CLAIMED IS: 1. Afire suppression system configured to be
VirtoAhted GlithIME DelSicle and at least one of reduce the temperature of an
area inside the vehicle 5 experiencing an undesirably high temperature,
suppress a fire associated with the area, and extinguish a fire associated

with tHe drdEStRERBIERFIPBoNBIRThgONHiarses Fp RS sa@k Bia Bihgy setphicle
SHRNEBIES hBeRTES EREHIBE eivE Brasldl Aoy IR ARSI INe

suppressant agent to the area; 10 a nozzle in flow communication with
eprRefiRNSishrss SRAEaE RN higRiamPaRatHE: A BRIR§ T arTigLAstOgated with

tisshasgs fieRHRGIRSS A RIS SR Ao AL iRe 85sRetMRprising:

with the nozzle and configured to be mounted within the vehicle, the

extension dedilECHBIRG ESSAN R WG TASVEIBIB 7Y Iorednryed
nozzI6APTARAESRER R CARIGHERILI RABEYRERAE AAEEHL VIS IR YERIAS the

such that the nozzle can discharge fire suppressant agent into an area
behind&®@: barrier, wherein the tip is configured to penetrate the barrier as

the exiension: feior extardmidatraRsteh thatlishrezaiacaBlivery system,

discharge fire suppressant 20 agent behind the barrier, wherein the
the MRFB Apicescafiguisr & discharge Sre-svarspseanb auant fnd
whereih B ExEen5 108 A8y igeds dmGe R/ BIR S22 Iekvtle sHAG TR Boe

extension device moves from a retracted position in which the tip does not
MEUHREMHINE B NG!S B SXIRPIOSHRIIGR RRIRG erafigrastbipingye the

neasike partially through the barrier. 2. The fire suppression system of claim

1, wherein the fire s%gpressant_deliver%/s st?_m comprises: i
wherein the nozzle comprises a tip configured {0 penetrate a barrier

within the vehicle such that the nozzle can discharge fire suppressant agent into
an area behind the barrier,

wherein the tip is configured to penetrate the barrier as the extension
device extends the nozzle such that the nozzle can discharge fire suppressant
agent behind the barrier,

wherein the barrier comprises a portion of one of a container and a
pallet, and

wherein the extension device is mounted within the vehicle such that the
extension device moves from a retracted position in which the tip does not
contact the barrier to an extended position in which the tip extends at least

partially through the barrier.

2. The fire suppression system of claim 1, wherein the fire
suppressant delivery system comprises:
a first container containing a surfactant,

a second container containing a gas, and
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30 a first container containing a surfactant, a second container containing

a gas, and -30 MCSLLP at least one manifold in flow communication with
the first and second containers. 3. The fire suppression system of claim 2, Me
wherein the fire suppressant 5 delivery system comprises a mixing area
configured to be in flow communication with a supply of the surfactant

and a supply of the gas. 4. The fire suppression system of claim 3,

wherein the mixeus b imdnifalddrbibreetntinediristanoed segotik first and
containers and th§ at least one manifold. 10 5. The fire suppression
systerﬁe&oagiﬁmog,%%r%in the at least one manifold comprises two
manifolds each configured to convey one of the surfactant and the gas to

e L S B AR R3S

dejeat\copspeivesah frést Daerokiag hregereabgated frmbeandliow
argon-aerated . 7. The fire suppression system of clai wherein

PEUAERE 3 el R S BT e

a foart adéet fivheuppiesdinitisythtegasf Blaihe3finerprdbsionisysteneafis

I Ao YIRS e BP SAMINISGR . NANONOSN PAVING RS 52 9nTRfora
IFé suppression system of claim 2, wherein the gas comprises at [éas

one of argon and nitrogen. 10. The fire suppression system of claim 2,

wherej fi i . ' iQn-resi iner,
31 M CLTL TS SRR reic S L Y R R e
reastold comapirisesdnprisasifalgressarecoadigelrad td herfireysapgrestion

S S{anfa%‘%éé;%‘@%@ear 'm&i%egf‘é'é? and Wgééﬂrﬂ%iﬁ%ﬁing area is

aluminum-spun catbon fi
located in the nozzle.

6. The fire suppression system of claim 1, wherein the fire suppressant
agent comprises at least one of a nitrogen-aerated foam and an argon-aerated

foam.
7. The fire suppression system of claim 2, wherein the surfactant
comprises at least one material configured to generate a foam agent when

mixed with the gas.

8. The fire suppression system of claim 2, wherein the gas comprises a

non-oxygen carrying gas.

9. The fire suppression system of claim 2, wherein the gas comprises at

least one of argon and nitrogen.

10. The fire suppression system of claim 2, wherein the first container

comprises a corrosion-resistant container.
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13. The fire suppression system of claim 1, wherein the extension device
comprises a motor-driven scissors device. 10 14. The fire suppression

system of claim 1, wherein the extension device comprises a MCSLLP

pneumatically-operated linear actuator. 15. The fire suppression system of
claim 1, wherein the vehicle comprises an aircraft, and the system is
configiifed 1B EMEURRIGSFidInsHeTsodiekain. 2 ovheretidherrpnsing:

@ REEYH M) RBINHSIREE Gldig.puppression system mounted within

the interior of the vehicle and 20 configured to at least one of reduce the
temperature of an area inside the vehicle experiencing an undesirably

high terpperailipe SRPRES R AIG ASRPSiRERd With thenarem 8l pressure
extln?wsh a fire associated with the area, the system comprising a fire

VERSHrESEaR ia%%‘%%{@h?m%éﬁqﬁifmﬁrthe interior of 25 the vehicle
and configured to provide at least one fire suppressant agent to the area,
a nozzle in flow communication with the fire suppressant delivery system,

the nor2le D&M EHRRIRSS RSt BT RIS dprebessinther-£XigRgisn

RIViestenaphiskeyigarasspciatemh Witk $besnggalgeand mounted within the
interior of the vehicle, the extension device being configured to move the

nozzle, -32 MCSLLP wherein the nozzle comprises a tip configured to
penetride T ihadfiier svigpretisonteyinesf dielmhiclewberethahtheiergion

an discharge fire suppressant agent into gn area behind the barrier,
(BRI 5 Ba ARG HHER S th N R LS & extension
device extends the nozzle such that the nozzle can discharge fire
suppressant agent behind the barrier, wherein the barrjer is a portion of
one oﬁ?‘coniﬁ% '%ﬁ%%ﬁ%’?%ﬁamrgﬁc{ﬁ% té’?ﬁéﬁfﬁ'ﬂéﬁﬁé{ icle
onmoipnikssk vaithairtraftenelelruehstem is configured to be mounted within the

aircraft.

16. A vehicle comprising:

a body defining an interior; and

a fire suppression system mounted within the interior of the vehicle and
configured to at least one of reduce the temperature of an area inside the
vehicle experiencing an undesirably high temperature, suppress a fire
associated with the area, and extinguish a fire associated with the area, the
system comprising

a fire suppressant delivery system mounted within the interior of
the vehicle and configured to provide at least one fire suppressant agent
to the area,

a nozzle in flow communication with the fire suppressant delivery
system, the nozzle being configured to discharge fire suppressant agent,
and

an extension device associated with the nozzle and mounted
within the interior of the vehicle, the extension device being configured to

move the nozzle,
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10 that the extension device moves from a retracted position in which the

tip does not contact the barrier to an extended position in which the tip MCSLLP
extends at least partially through the barrier. 17. The vehicle of claim 16, '
wherein the vehicle comprises an aircraft. 15 18. The vehicle of claim 16,
wherein the extension device comprises a motor-driven scissors device.

19. The vehicle of claim 16, wherein the fire suppressant delivery 20

system compiirgrsia fifist toRRINIPrEEBIAgip SuNfglast t6 penendte a
o S e e O e o
claim gonbegeifithedispredparesapaitdatyery Systephtodnipiisbaraer,
bR T (SN S ORI T A
extension device extends the nozzle such that the nozzle can discharge
fire suppressant agent behind the barrier,
wherein the barrier is a portion of one of a container and a pallet,
and
wherein the extension device is mounted within the vehicle such
that the extension device moves from a retracted position in which the tip
does not contact the barrier to an extended position in which the tip

extends at least partially through the barrier.
17.  The vehicle of claim 16, wherein the vehicle comprises an aircraft.

18.  The vehicle of claim 16, wherein the extension device comprises a

motor-driven scissors device.

19.  The vehicle of claim 16, wherein the fire suppressant delivery
system comprises:

a first container containing a surfactant,

a second container containing a gas, and

at least one manifold in flow communication with the first and second

containers.
20.  The vehicle of claim 19, wherein the fire suppressant delivery

system comprises a mixing area configured to be in flow communication with a

supply of the surfactant and a supply of the gas.
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