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(54) Title: MODULAR AND EXPANDABLE FIRE SUPPRESSION SYSTEM

(57) Abstract: A tire suppression system includes

it a centralized controller and a plurality of modules

(14). Each module includes a housing (30), a prin-
ted circuit board (32) with a mounted micropro-
cessor (34), a first connector (36) including a first
pair of data wires (38) mounted to the board; and a
second connector (40) including a second pair of
data wires (42) mounted to the board so that the
printed circuit board electrically connects the first
and second pairs of data wires. The modules are
interconnected with the central controller to define
data buses for centralized fire detection, user mmter-
face and system response. The connectors of each
module mterconnect the plurality of modules in
series to the central controller.
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FIRE SUPPRERSION SYSTEMES AND METHGDS
Priorisy Claim & incorporetion Sy eferenge
{$3B0E This international apphcation claims the benefit of priontly o U.S, Provisional
Patent Application No, 637320407, filed Apnil 08, 2016, which i» corporaied by
refergnce in s entirety.
fechnical Field
F02 T This invention relates generally 1o a fire suppression system for the profection
of farge machinery, eguipment or mobile cguipment, and more particularly, to modular
commponents of the system, their assembiy and their inderconnection.
Backrround of the {nvention
UiHIRY A fire suppression sysiem for vehicles is shown o mmternahional patent
apphication publication WO 281 4-;"{}:.175'79( The system chown therein mcludes
components such as user mterface dgisplay devices, Hre detection devices and suppressant
relcasing dovices that are connected to a confralized condreller along respective cabled
buses for display, detection and release, Devices of a given bus are inderconnected with
cne ancther by cable connectors. The cabies and conmactors carry data signals o provide
comunuication between the device and the ceniral conlrotler,  The cables and connectors
aico supply power 1o devices for their respaciive funciions, Generaily, the connectors and
cabling interconnect the devices in 2 parallel fashion to provide both power and dala
commnication.
F 04 | Such a parallel connected cable configuration limits the ability to expand the
buscs. More specifically, the distances bebween, for example, an mterface control module
and a detection or release module s houted to two-hundred Gty feet {250 1) for proper

commmunication. For large vehicles used, for example, in mining or guarry oparations, the
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distance resiriction c¢an be a hindrance o providing the desired hre protection. s
desirable to have a systom in which sysiem components can be interconnected to expand
the number of componenis in the svslem and/or the cabling distance between the
components to protect muiltiple hazard zones of a vehicle or other equipment area {0 be
orotected.

iscipsure of the invenitos

HHS ) Preferred embodiments of & modular fire suppression system are provided
which the modules of the systen: are preferably grouped together by type or function and
interconnacted with one another o a central controlier to frm one or more data buses for
carrving oul system functions, such as for example, five delection, sysiem respose Or user
cperations.  Preferred embodiments of the modules provide a connector (o facihilate the
inferconnection between modules and the central controller to form the data buses of the

systemms, A preferred cmbodiment of a fire suppression sysiom includes o condralized

controller and a plurality of moduies. Bach module preferably inchudes  a  bhousing, =2
printed circuil board with a rocunted microprocessor, 4 hirst connector mcluding & first
pair of data wires mounied {o the board, and a second connecior inchiding a second pair of
data wires mounied 0 the board o that uc, printed cireuit board electrically connects the
first and second pairs of data wires. The modiles are micrconnected with the central
comtroller to define at least one data bus for centrahized fire defeciion or sysiom response,
which preferably includes a user interface bus, a fire detection bus for detecting a fire and
3 reicase bus for releasing a suppressant _tcs suppress a fire. The data bus provides for a
{first end module with it first conpector connecied io the centrabized condroller and 2
second end module with its second conpector for connection to ancther module 3¢ that the
printed circutt board of each module inlerconnects the plurality of modules in series (o the

central controller. By using & preferred modular apd senal interconnection of systerm

i.
N ."’. -
Lo
LA
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components, the system can be physically and functionally expanded in the profection of
cquipment by the addifion and interconnection of modules bevond previsusly known
distance Hrnitations while mamntaming E‘ha—:‘izsm@ﬁt's of centralized control.

THHIRY: in a preforred aspect the preferred modules and their respective Connectors
provide for preferred cabling distances between ﬁ:}@ madules and between the contralized
controfier that are greater than previously commercially availabie while mamtaming
centralized svstom communicalion and conirol. In a preferred aspect, ihe connector-to-
connector wiring between modules can extend up to a maximum of 4400 hinear feet. In a
preferred user interface bus of the system the preferred nterconnections provide for a
maximuin bus length ranging from 1000 feet to 4000 feet. For g preferred embodiment of
the fire detection bus, a maximum bus length preferably ranges from 730 feet to 150U feet;
and 10 preferred embodiments of the release bus defines 3 bus length from the central
controfler o a release module ,or from g release module to an aciuation assembly of the
System, mnees up o a maxinuim of 254 feet.

Beief Descriplions of the vawings

LHEHE The accompanying drawings, wiuch are meorporated herein and constitute part
of this specilication, 1Huostrate exernplary erabodirsents of the invention, and, together with
the zeneral description given above and the detalled description and attachiments given

below, serve to explain the features of the mvention,

LHHIRE: Fiz, 1 is a schematic illustration of one embodiment of a {ire suppression
svstem.
HIHEH FIG. 2 is a schematic tthustration of aliernate embodiments of @ moduie for use

in the system of FIG, L.
RG] FIGL 2A s an ithustrative preferred embodiment of a module showing a wiring

bend radius out of the module for use v the system of FiG, 1.
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LRy FIG. 3 5 a detailed schematic view of data and power wiring in the module of

FIGL 3
Y] FIGL 4 i g schamatic of one embodiment of a maonitoring cireud for use 1o the

svstem of FIG. 1.

Dietailed Descripsion of the Preferved Embodiments

1G0313] FIG | is a schematic Hlustration of a preferred embaodiment of 2 Te protection
syatern 10 that preferably provides for confirmuous monitoring and protection of ong or
more bazard areas HA. Exemplary bazard areals) HA protected by the system 10 can
include and are not lunited to laree industrial squipment, machinery or maobiie equipraent
Such as for cxample, generator seis, alr compressors, drill rigs, tunpel boring machines,
hydravhc excavators, haul {rocks, wheeled loaders, dozers and graders, efe, and fhe
associated arcas, such as {or example, engine compariments, wheal wells, hydraulic
couipment or storage arcas for combustible materials. The sysiem 10 153 modular with
miodiles interconnected with a central controller.  The modules provide a speaific or
selectively addressable interface between sysiem componenis and the central controlier.

Generally, the modules of the system are one of the following types: a deteciion moduie, a
refease module, or a user inferface module. The svstem 18 and its central coniroller
monitor the one or more hazard areas HA through the detecthion modules and assogiated
fire detection sensors to detect a fire, I a fire bas been detected and wlentihiod by the
central condroller, the central controller addresses the fire through the release modules by

aperating one or more {luid control assembiies to release a suppressant and distribute the

ded 1o the hazard areas

)

suppressant through one or more nozzies or distribution devices oo
HA to preferably suppress the Gre. The user interface modules provide owngrs and

-

operators with an interface (o program, update and access the system 18 for i operation,
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control and historical and/or real<time moniforing. For the preferred embodiments of the
system 10 desoribed berein, the contralized controller can address or communicate with
the modules of the system individually, selectively, in groups or globally in order 1O carry
out desived fire protection montoring, responase, reporting and/or programiyung,

LEHES: The modeles of a particular type or tunction are preferably grouped together
and interconnected with one another and the central controller to form g data bus for
carrving out one of the centralized functions, such as for example, deteclion, system
response or user operations. Moreover, as described herein, preferred emmbodiments of fhe
moduies provide a connector o faciiitaie the interconnection between modules and the
central controlier to form data buses of the sysiem. By using this preferred modular
approach, the system 0 can be expanded by the addition and interconmention of raodutes

without any practical limitation while maintaining the benefits of centralized control.

SHEERY Shown 1o FIGD 1 is g schematic view of a preferred embodiment of a fue
cunpression system 1) for the protection of one or more hazard aveas HAL HAYZ ... HAn

{collectively HA)Y., The system {0 incindes a cepntralized controlier 12 and g pluraiity of
modules 1dx, 14y, 14z interconnected with one another 1o provide {or a detection data bus
16, a release data bus 18, and a user interface data bus 20 for centralized fire detection,
response and/or system reporting. The system 10 can include additional or ofher auxiliary
power buses 24, sach as for exaraple, for powering other associaied sysiems, such as
sudible alarms, or other detection type devices such as a smoke alarm, which can be
connected to the central controller 12 through an appropriaiely contigured delection
module. In each data bus, the modudes 1dx, 14y, 14z are preferably connected in series
with one another and the central controtler 12,

LHEY For the preferred system 1, the modules 145 of ihe detechion bus 16

interconnect the ceniral controller 12 with one or more fire detection devices 30, such as

¥
i, A
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for example, spot thermal detectors 58a, Hocar thermal detectors S8b, or infra-red
(IR Yoptical sensors 5G¢ located within the one or more hazard argas HA. Alternatively or
additionally, the modules B4x of the detection bus 16 cap be coupied 10 one Of more
manual actuators, such as for example, an eleciric manual actuator 564, for manuat
suppressant release through the central controller 12, Upon appropriate detection and
determination of a fire in a hazard area, the central condroller 12 signals for release of
cappressant through the modules 14y of the release data bus 18, The modules 14y of the
refease data bus 18 interconnect the ceniral controller 12 with one or more actuation
assemblies 64 {or the release of five suppressant., The system 10 15 preferably conngcted to
a supply of suppressant, such as for example, wet and/or dry chenucal agent preferably
stored in one or more storage tanks 8T, for delivery o one or more nezzles or distribnition
devices 70 located in the harard arsa HA. The supprossant is preferably not slored under
sressure and therefore a cylinder of pressurizing gas PO is connected to a suppressant
storage tank ST for delivering the suppressant to the nozzle 70 under Hs operating or
working pressure. Controlling the release of the pressunizing gas PG info the suppressant
ank ST is the preferably electrically operated asctuation assembly &8, which 5 coupled to a
module 14y of the release data bus 18, The ceniral controlier 12 signais operation of the
actuation assemblies 80 through the release modules 14y of the release dala bus 18, The
modules 14z of the user interface bus 20 provide and interconnect user displays, conirols
and/or poris for asers o access the ceniral controller 12 of the system 1 o program
systern operations, manually sigoal operation of the systern 14 and/or access history logs
and other data on the sysiern 10

T Shown in FIG, 2 is 2 peneralized medule 14 represesting the various moduies
Pdx, 1dy, 14z used of the system 10, The modute 14 generally inclodes a housing 53U and

an internal printed civcuit board (PCRB) 32 with 3 pucroprocessor 34 mounied o the
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printed circuit board 32, Depending upon the tvpe of module bdx, 14y, 14z ke
mucroprocessor 34 18 connected or coupled with either: (1) an internal or external fire
detection or thermal sensor: {11} an external fransducer or other elecirically operated device
or other digital or anzlog equpment; or (i) an inpul or output device, To form ihe
preferred Interconnections described herein for digital combuinication with the central
controtier 12, the module 14 includes a first connector 36 having a first pair of data wires
38 mounted to the printed circuit board PCH 32 to form s fivst mounting or solder pad 33,
The preferred module 14 also includes a second connector 40 having a second pair of dala
wires 42 mounted to the board 32 to form a second mounting or solder pad 43, Wil
additional reference to FIG. 3, the first and second mounting pads 33, 43 deling a
preferred center-to-center spacing [ of 0125 inch. For each of the mounling pads, the
pair of data wires extend through a pair of through holes on the printed cireuit board that
detine a center-to-center spacing € that ranges from (.070 inch to 0.0%0 inch and is morg
preferably no fess than 0.083 inch. The preferred spacing can provide sufficient spacing
and flex in the wiring when enciosed within the housing without shorting.  Each of the
first and second pairs of data wires 38, 42 forms a twisted pair and defines a preferred
twist rate of one inch per twist (1 inJiwist) in crder o minimize clectromagnetic
interference (EMIL The printed circut board 32 clecirically copneats the first and second
pairs of data wires 38, 42 with, {or example, a trace or other copductive conneciion
extending between the data wirg connections af the printed circuit hoar Accordmgly,

the prinfed ctreuft board 32 forms a brid ge between the Hrst and second conncetors 36, 44,
The connectors of the module can be disposed or Dixed about the housing 30 as shown
sofid, Alternatively, the connectors 36, 40 can extend loosely from wrapped or shiglded
wiring that penetrates the housing 30, An illustrative embodiment 1s shown mm FIG. 2ZA i

which the wiring extends out of the display housing with g bend radius. The wirng
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extends from the module housing 30 to define a preferred mintmum bend radius R of two
and one-halt inches {2-1/2 m). Having the conngction wiring extend loosely from the
housing 30 can provide additional flexibility for mounting the moedaoles and associated
equipment of the system 1.

FHIERS Heferring agan o PEG. 1, the modales [4x 14y, 147 of the systemy 10 are

"y

o

inferconnecied with the contral contfroller 12 to define the one or more preferred data huses
16, 18, 26 for centrahized fire detection, responseg and system reporting. In gach data bus,
the modules are preferably connecied in series with one another and the ceniral controlier
12. More specifically, a connecior 36, 40 of one module 18 preferably conpected to a
connector 36, 40 of the next module in serfes. The first and second connectors 36, 40 can
be physically configured or construcied i a complemeniary manner {0 facilitate thew
interconnection. For example, the comnmectors 36, 440 can be configurad as complernentary
male and female connectors o [aciliiaie the interconnection between the modules H4x,
t4y, 4z and/or the controller 12, Alternatively or additionally, the connectors 36, 40 can
he complementary rounded or circular threaded conmnectiors or other complementary pin
connectons.
RS For iHlustration of the preferred interconnections of the system 10, specific
aference s made to the defection data bus 16 shown in FHG. 1, With the modules
preforably miterconnecied n series, each data bus of the system 1 preferadly includes a
{irst end module 14a with s first connector 36 connecied to the centralized controller 12.
At the opposite end of the data bus 16, a second end module 14b has s second connecior
43 available {or connection to another module or alternatively {0 serve as & erminating
end of the bus, Accordingly, additional modulies can be added o second end module 4B
of the data bus for expansion of the syatem 10, Again intermediate the first and se¢ond

end maodules 14a, a connecior 36, 40 of ong module 15 preferably connected to a connector
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36, 40 of the next module n the series. The module inierconnections are preferably
{irned with an appropriate serfal or digital communication cable. More prefarably, the
module interconnections are made with RS-485 serial communication cable. The data
buses 16, 18, 20 are appropriately wired for the RS-485 cable and can be formed as either
2 haif-duplex or full duplex system. To the exient it is desivable 1o minunize the “drop” or
distance from any raodule connection to the data wires of the RS-485 cable, the preferred
mouanting of the daia wires o the PCB 32 minimizes or ehminales the drop distance.
Morsover, the preferred wiring of the system 1§ can climinale or puninuze the use of 1
connectors and/or end of line {arminators.

F20] Use of RS-485 wiring provides sysiem flexibility by providing preferred
cabling distances between the modules and between the cendralized controlier 12 and the
modules 1dx, 14y, 142 that are grester than previously comumercially available while
raaintalning centralized system communication and contrel. For example, connector-{o-
connector wiring can extend up o 3 maximum of 4000 linear feel. Preferable cabling
distances between components can be smaller. In a preferred embodiment of the sysiem
10, the maxinmum distance from the central controller 12 1o the tivst end module 14a of the

release data bus 18, or from any analog device o a module 14y of the release data bug 18,

'\

is preferably 250 Hncar feet, In one preforred aspect, the release data bus 18 defimes a tofal
bus length BL that ranges up {o a maximum 4008 Hnear foet from the ceniral controiier 12

io the last module 4y in the bus. In another preferrad aspect, the deteciion dala bus

dafines a total bus length BL of up o a maximum of 1560 foet and more prefevably 750
linear feet. For the user Unferface daia bus 26, a preferred bus length BL total ranges up to
g preferred maximum of up o 4000 feet and more preferably up to 3 maxivam of 1000

feet. Morcover, the user dats bus 2¢ can locate a display device i oy proxamate any one
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of the hazard areas HA. Thus, the system 10 can provide for ceptralized control with
muitiple user interface locations remotcly spaced from the controlier 12.

{831 Again for cach daia bus, the modules onany one particuiar bus are preferably
arovped together based on iis type or function. Thus, for example, the modules on the
detection data hus 16 are detection type modules. Referning again to FlG. 2, the type of
maodule is preferably determined by the infernal or extornal components coupied with s
mictoprocessor 34, For example, the module can be conligured as a detection moduls 14X
that includes a thermal sensor for five detection, such as for exampie, an internal infrared
or optical sensor Slc. Aliernatively or additionally, the detection module 14x can mchuds
an appropriately wired connecior 32 and ¢ircutiry for conngcling the microprogesser 34
to one or more externad analog sensors and/or devices, such as for example, a spot thermatl
detector 304, a linear thermal detector 50¢ or a manusliyv operated device 3Gd for signaling
clecirie-pneumatio achuaion to the ’;:em'irai' controlier 14,

Hilres For the release data bus 18, the modules are praferably configuved as release
modules 14y having its microprocascor 34 preferably connected for operation and
monitoring of one or more actuation assemblies 68, Refeming agam o FHaL L, a preferred
actuation sssembly 60 includes an elecinc-pnoumatic actuator 60a that operates from an
appropriately delivered elecirical signal to drive a puncturing member ¢ puncture a
rupture dise to discharge the pressuring gas PG for pressurizing the suppressant fank N1

One preferred embodiment of the eleciric-preumatic actuator 60a includes & protraciing

sotuation device (PADN. Referring to FIG, 2, in a preferred embodiment of a release

P

module 14y, a connector 31b is preferably configured {0 be connecied o the elecinie-
pneumatic actuator 80a. In a preferred arrangement of the release bus 18, one release

modile 14y can be connected {0 and operate up to a preferrsd maxumurg of fen (18]

clectric poneumatic actuators 60a. The actuator 60a 18 alse preferably operated

S
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poevwmatically in which manually delivered compressed air {not shown} drives the
punciuring member. The acluation assembiy 60 can inchude a pressyre swilch 60b or other
flow switch {0 detect the flow and/or pressure of pressurizing gas,  Accordingly, the
releasing  module 14y prelerably nciudes a connector 3i¢ oy connecting the
microprocessor 34 1o recgive signais from the pressure switch 60 for {eedback o the
central condroller 12 regarding the steste of pressurizing gas How.  In an alfernafe
erabodiment of the release module 14y, the connectors 3th, 31c can be conligured as a

relay module Hdyy for connection 1o other associated sysiems of the equpment being

protected, such as for example, an engine systern ENG, o facilitate comumunication
hetween the central confroller 12 and the engme system o mitiate an engine shut down
prior 1o suppressant discharge.

231 in a preforred embodiment of the user nferface bus 20, the modules are
confipurad as display modules 14z, The display module 142 is preferably configured as a
user input and cutput device that can aceess the central controller and display information
{o a system user or operator, The display module 14z also preferably provides an mput
interface {or the sysiem user or operator to selectively access, operate, and/or program all
or parts of the systermn 10 through the central controlier 12, Accordingly, i a preferred
aspect, the user display module 14z includes one or more display devices 80a such as, for
example, & liguid erystal dispiay (LU0 sereen mounted wilhin the housing 40 of the
dispiay medule 142 coupled to the microprocessor 34, Additionally or alternalively, the
display devices £0a can mclude an array of LED indicators couplied with the
microprocessor 34, Also mounted about the modute 142 are ong oy more control devigces
HOb coupled with the mucroprocessor 34 to controd the LCD device 80a or other dispiay

device and access the central controlier 12, The condrol devices B8b preferably ociude

push buttons, {ogele buttons, sorell bars, touch soreens, and more preferably, nclude
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switch membrane coupled with the microprocessor 34, One preferred embodiment of the
“ewitch membrane includes up and down arvow buttons with one or wore selection bufions
for accessing, navigating and selecting through operational progravs of the sysiem 16
located on the central controdler 12, Addivonally, the preferred switch merbrane 80b
ingiudes a button to signal the controller 12 for a manual suppressant release.  In ancther
sreferred aspect of the display dovice modole 14z, the module preferably nciudes a digital
aceess connector 8Go for access by a cornputer device or computer storage devioe, such as
for example, a thumb drive, In one preferred embodiment, the digial access conngetor
80¢ is embndied as a USH or similar port connection. A sysiem 0s¢r or aperator could
access the port 80c with a computer or disc drive using an appropriately configured
connector 10 downlcad or access sysiem history logs or sysiem programmmg, update
sysiem progranuning or upload now programroing to the ceniral controller 12, As with the
connectars 36, 40, the other connectors and/or ports 3ia, 3ih, 3¢, 88c can be disposed
any manner about the housing 34 o facilitate their access and connecfions,

(30324 One or more of the dats buses 16, 15, 20 of the system W includes a
supervisory or monitoring circuit to supervise the data bus{es) and detennine the status of
the system 16, A preferred emboediment of a monitoring circuit uses variable remistance o
determine a siatus of the systent. For the preferred deteciion data bus 16, the monitoring
circuit uses a variable resistance to identify any one of: a faull condition, a normat
condition, an alamn condition, a manual release condition, or an open ¢iroud fault
condiiton.  Monitoring circutis for the othor data buses can employ fewer condiion
determiners, The modules 14 of the system can be configured with indernal cireutiry 9Q
that communicates with the central controller 12 o detormine the state in the daia bus.
Referring again fo FIG. 2, the module 14 preferably includes an asscoliated internal

civeuiiry 90 in communication with the ceniral controlier 12, The internal circuitry 80
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oroferably includes a momitoring circuif that works in conjunciion with the delection
microprocessor 34 o monitor the devices associated or conpected with the modguie 14,
One embodunent of a2 monttoring circuit 1s configured with the microprocessor 34 10
mcasure and process the voifages across a detection resistor K50 and fermunal ends 11, 12
i determine the state of the montioring circuit, The detected siatus o feedback from the
circuit, as defined by the detecied resistance in the defeclion resisfor RE0, can be
compmunicated from the module 14 {0 the condral countroller 12 to deterrome the sysigm
status of the module 14 and then displayed to a system operator or user st a display
moduic 4z,

LUEARY: Shown i FIG. 4 i3 an exemplary monttoring circuit 468 that mncludes a fivst
resisior R34, a first inductor L8, a nuni DIN conmnector J9, g second inductor L7 and a
second resistor R34 coupled to ground,  Coupled o the mimt DIN 19 can be the signal
circuit defined by, for example, the internal or external thermal sensors associated with the
detector module 14x, A sensing current, preforably about 206 microamps {(2G0A), i send
through the first resistor B34, the first mductor L3, out pin 4 of the suni-DIN through
device clremtry of the module and back through the raint-IHN J9 at pin 2, through the
second industor L7 and through the second rosistor R3O, The microprocessor 34 evaluates
the voltage across second resistor R30 to detenmine if there 15 a fault in the moduie 14 and
the associated devices. 171 is determined that there is a voliage across second reststor RS0
then there 18 no faglt, I there 18 no voltage across second resistor R34, then there 15 g
fault, To delermine as o whether or not the fault 18 & ground faull, Le., wire i contact
with, for example, a vehicle chassis or an open circuil, the microprocessor 34 evaluates the
voltage at each of the fivst ferminal T1 and second terminal T2 of the monitoring eircutt.
From the voltage differential, the microprocessor 34 determines a resistance value across

the terminals T1, T2, That value is communicated io the ceniral contrcller 12 for
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determination of the state of the device civautt defined by the module 4 and s associated
svices,  In one pacticulsr erobodiment, the state of the detection moduie 14x, tor
example, and its asscclated devices, is defined by the following resistance values {ohms},
measured at T, T2: 1) 350-580 ohma o indicate a fauil condiion type signal; (3t} 700~
10,060 ohme {o indicate a normal siale for g ready condition signal; {uy =354 ohms to
ndicate a fue detected condition for an alarm condition signal; vy 3006-700 ohms 1o
mdicate 2 manual release detection state (manual actuation); and (v} greater ihan )
10,0060 ohms {o indicate an open ¢ircuit faull condition type signal.  Other modules 14,
such as the release modules 14y or display modules 14z can use sliormate reststance values
with theilr associsted internal or external dovices for status determination by the central
controller 14, Moreover, each of the montloring circuils 80 of the modules |4 can be
incorporaied o a ground faull detection of the system 16, The sensing current is
sroferably taken from the power bus described hervein.  In order o properly detect a
cround faolt state, the ground of the power supply coupled 1o the power bus is preferably
referenced or grounded to the vehicle chassis. Exemplary ermnbodiments of g ground fault
detection cirmuill and detection monitoring circuit s shown and described in PCT
infernational Patent Publication No, W{2014/047579.
U260} in addition to centralizing the operation and control of the system 10 through
the various data buses, the system 10 18 preferably powered through the central controlier
12 and the data buses 16, 18, 20, With referonce to FIG. 1, a power bus 22 15 praferably
inttiated at the centralized conbroller 12 ov distribuiion {o the vartous modules and
sasociated components to power the svstern 10, A power maodule 100 18 preferably

terconnected with the central controlier 12 to power the data buses. In order io supply

power to the poewer odule 160, the power module is preferably coupled o batlery power,

14
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such as for exampie, in the case of mobde equipment, & vehicle vattery VBATT, 1o power
the system 14,

(2T The power for the various data buses 18 preferably carried along the same
cabling used for data commumication.  Accordingly, power wires are prefersbly run
paraliel with the data wires, for example, in the R5-48% cable interconneciing the modules
14 and ceniral conirclizy,  Like the data buses, the power supplyving wirgs are
micreonnected by the prinfed circut! boards 32, Keformng again to FHG 2, each module 14
and ks first connecior 36 mmchudes a first patr of power wires 184 mourded {0 the board 372
and the second connector 40 includes a second pair of power wires 1086 mountad to the
board 32. The printed circuit board 372 elecirically connects the Tirst and sccond pairs of
oower wires £G4, 106, The printed circult board 32 thus mderconnects each of the modules
14 in series 1o define the preferred power bus 22, paralieling cach of the data buses 16, 1§,
28, The tirst and second pairs of power wires 104, 106 form a twisted parr and define g
preferred twist rate of one inch per twist (§ inJ/twist) in order (0 mininize sleciromagnetic
nterference (EMI). Referring to FIG. 3, the first pair of power wires defines a first power
mounting pad 108 on the printed circuit board 37 having a center, the second pair of power
wires defining 3 second power mounting pad 118 on the nrinted circuit board having a

center. The first and second power mounting pads define a prefarred ceonfer-io-center

spacing DD of 1125 inch. Releming again to FIG. 1, in agother preferved aspect of the
power bus 22, the centralized controtler 12 and power module 100 arg integrated with a
patiery back-up 112, The baticry back-up 112 preferably ncludes two back-up batienes
for powering the svstem 10, Preferably, the central controtler 12, power module OO and
battery back-up 112 are housed and integraied into a single housing. In order o facilitate
mamtenance of the system and avoid an accidental discharge of suppressant, the power

hus preferably inchudes an interiock or isolation swiich 129, The isolation switch 129 ig

-15.

r
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prefersbly lockable with a customized key 12%a.  insertion of the key 2% mio a
receptacie or receiver of the switeh 129 preferably generates a signal to the central
controdier 12 which 1 turn disables the sulomatic suppressant release capabiidly of the
system 10 as described heretn. By disabling the sutomatic release, mamienance about the
profected squipment and systern can be conducted without worry of an unwanied
aufomatic release.  tThe key 2% is preferably customized to hmat personnel abie 1o
disable the autornatic release. As described herein, the sysiem 10 can include additonal
dafa buses, such as for example, an auxihary data bus 24 formed with the condral controlier
172 for operation and control of other auxiliary components AUX of the system 1 oy
subsysterns of the protecied equiprnend, such as for exampie, audible alarms, strobe highis,
eic,  Alernatively or sddifionally, fhe external devices can be directly coupled {0 the
ceniral controller 12,

Hitre3 An exempiary systen 10 as described herein can be sef up and operated m the
following manngy Tor the protection of two or more hazard areas HA of an area io be
protectad.  Sensors and norzles are iegated within each harard area HA to debine a
getection circull and a reieasing circuit of the defeciion and release buses for profection of
the different hazard arcas. The central confrolicr 12 s programumed preferably using the
display modole 142 to associaie or relate each of the detection and release moduies 14x,
4y with a pariicudar hazard arsa makiig each of the modules addressabia for digial
cosmnunication by device and hazard arca. Through data communication and poiling, the
central controlier samples status data from the detection modules 14x in a preferably
programimed manner. Voltages or other data from the associgted sensors of the moduie
are conveved to the cendral controtler tor a sysiem status determunation. Upon appropriale
detection of an alarm condition, the central controller displays the condition t¢ a user or

operator al the dsplay module 14z, In one operational aspeci, the operator can either

~16-
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stionce the condition at the display module 14z, or alternatively, roanually mutmate a
suppressant release from the display module 142, In an austomatic programmed response,
the central cobnfrolier 12 can inftiate a timed response to the alapm condition, which
mehudes continued monitoring of the alarm condition from the detection moduies 14y,
The countdown preferably provides suificient time {or operalors and oihiey personnst o
exit the vehicle or other Immediale arca being protected. In the alarm condition, the
controdler 12 can shut down ihe oquipment bemng protected and countdown to 4
cuppressant refease through the welease and relay modules 14y, 1dyvy, Upon expiration of
a programmead countdown, the central controller {2 can signal seiect release modules 14y
for electric operation of the actuation asserablies 6lla. The selection of release medules is
preferably based upon their asspeigtion with the hazard area HA in which the hre 3
detected. Feodback from the pressure swilches 6Ub and the release moduies 14y perput
the central controller 12 to monttor the suppressant release and the availability of
suppressant.  Upon suppression and extinguishment of the five, the system 1 can be
accessed by the display module 14z to review history logs of the system.  Using the
accessed data, the systent can be serviced, n'szzintained.and placed in operation.

18{329] While the present invention has been disclosed with reference 10 cerfain
embodiments, numerous modifications, alterations, and chanpges 1o the descnbed
sibodiments are possible withouwt departing from the sphere and scope of the present
invention, as defined in the appendad claims. Accordingly, i 13 intended that the present
invention not be Hmited to the described emboduments, but that o has the full scope

defined by the language of the {Gllowing claims, and eguivaients thersol

L7
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We Cigisne

i, A fire suppression system comprising:
‘& centralized controlier: and
a phirality of modules, each module wmcluding:
a Bousing;

a privded circuit board with a microprocessor mounted o the printed cirewt

board:
a irat connector wncluding a first pair of dala wires mounted {0 the boand;
ANG

a second connector inchiding a second pair of data wires mounied 1o the
board, the printed cwouit board gloctrically connecting the fivst and second pairs of dafg
WITCS:

the plurality of moduies being interconnscted with the central controtier to defing
al least one dafa bus for coniralized fire detection and system response, the at east one
data bus having a brst end module with s frsl connector conmecied o the cendrabzed
controdior and 4 second end moduie with 15 second connector for connection to another
module, the printed circuit board of each module interconnecting the plurality of modules

in series 1o the central coniroglier.

2. The sysiem of claim 1, wherein the at least one data bus s any ong of a yser
interface bus, a fire detection bus for detecting a five or a release bus tor releasing a

suppressant (o supprass a fire,

~ 1 M-
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3, The system of clavm 2, wherein the at least one data bus is 3 user inigriace bus, and

the plurality of moduales include at least one display module baving a user inferface display

mounted within the housing.

4, The system of claim 3, wherein the af least one display module metudes an LOCD

display and a switch membrane coupled with the mucroprocessor of the mogule.

3. The system of claim 3, wherein the at least one display module mncludes a plurality
of display modules, and the user interface bug defines a maxdmum bus length ranging from

OO0 feet 1o 4000 feet,

&, The aystern of claim 3, wherein the al least one display module mnchudes a USH

port for conbecting to a device to any one of upload a propram or download a history fog.

7. The systern of clann 2, wherein the at least one dafa bus 1s a tire detection bus,

wherein at least one module includes one of an optical sensor or an tifrared sensor.

5, The system of claim 7, wherein the sensor 18 mounted within the housing,
9 The system of claim 7, wherein the at least one module is senafly connected with 2

module coupled to an analog sensor being any one of a thermal detector or raangal

actiation device.

F63, The svstem of claim 2, wherein the at least one data bus is a fire detection bus,
whersin at feast one module s coupled with an analog sensor being any one of a thermal

detector of manual aotuation devige.

11, The system of claim Z, wherein the fire detection bus deiings 4 maximun DUS

ierigth that ranges from 754 feet to 1500 fect,

~ 1 83
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12, The system of claim 2, whercin the at least one data bus s a release bus, the
pluratity of modules including atf least one release module coupled to at least one actuation
assernbly coupled to a supply of fire suppression agent, the at least one module providing

for eiecivical actuation of the actuation assembly to release the fire suppression agend.

13, The system of claim 12, wherein the at least one actualion assembiy nchides at

ieast one clecine-pneumatic actuator.

i4.  The system of clain 13, wherein the at least one eleciric-pneumalic actuator

inciudes a protracting actuation device coupled 0 the af least one release moduie,

{3, The system of claim 13, wherein the at least one eleciric-pneumatic actuator

imeiudes a maximum of fen {18} elecine-pneumatic actuators.

16, tThe system of clamm 12, whercin the at least one actuation assembly ncludes g
pressure swiich for feedback (o ihe ceniral controlier through the at least one release

module.

i7. The system of clatm 12, wherein the at least one release module 1s coupled {0 4

relay module for inferfacing the cendral controller with another system.

IR, The sysiem of clayn 12, wherein {he release bus defines 2 bus length from the
central controdler o the af least one release moduie or from the at lesdd one release module

o the at least one actuation assembly ranges up o a maxunum of 250 feet,

19, The system of any ooe of the above clatras, wherain the frst and seoond

connectors inchude a male connector and a famale connector.

20-
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28, The system of any one of the above claims, wherein the plurality of modules are
pferconnecicd by sonal connection cable oxtending between the first and second

SOnRectors,

21, The system of clam 20, wherein the senal connection cables are R&-483 serial

connection cables,

22, The system of clairg 21, wherein the first conneciors, second conneciors and serial

connaction cables are connecied by threaded circular connectors.

23, The system of any one of the above claims, wherein the first pair ol wires defines a
first mounting pad on the printed circuit board having a cenler, and the second nawr of
wires defines a second mouniing pad on the printed circul hoard having a cenler, the first

3

and second mouniing pads defimung g center-fo-center spacing of 3,123 wmch.

24, The system of any one of the above clatms, whereln at igast one of the first and
second pairs of wires are solder mounted {0 a palr of wire through boles on the prinled
circutt board, the pair of through holes defining a center-to~-cenier spacing therebhetween

ranging from 6.070 mch 1o §.09¢ inch.

25, The sysierag of claim 24, wherein the center-io-conier spacing deiingd by the pair of

through holes 18 no less than 8,085 inch.

26, The system of claim 23, wheremn at least one of the first and second pairs of dala
wires extends from the module housing and defines a muninium bend radius of two and

onc-halt inches (2-172 in

27, "The system of any one of the above claims, further comprising a power module

interconnected with the central controlier to power the at least one daia bus, wherein in
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each of the plurality of medules of the at least one data bus, the first connector includes a
tirst pair of power wires mounted fo the board, and the second connector ineludes a second
pair of power wires mounted 1o the board, the printed circutt beoard electrically conpecting
the first and second pairs of power wires, and the at least one data bus ncludmg a power
hus with the orinted circuit board of each maodule, mierconnecting the moodules m seres 1o

the power module,

28.  The system of claim 27, wherein the Biest and second pairs of power wires deline a

twist rate of one inch por twist {1 mu/twist.

24, the system of claim 27, wherein the power modude 18 coupled to a battery {0

power the systens.

3G, The system of claum 27, wherein the first pair of power wires defines a Diest power
mounting pad on the printed circuit board having a cender, and the second pair of power
wires defines a second power mounting pad on the printed circuit board having a cenier,
the first and second power mouniing pads defining a cenier-fo-cender spacing of $.125

neh.

31, The system of any onc of the above claims, wherein the centralized controlier 18

infegrated with a battery back-up,
32, The svstem of claira 31, wherein the battery hack-up inclides two battenies.

33, The systam of any one of the above claims, wherein the central controlier 3

coupled to an auxiliary device being any one of an alarn or detector.

34,  The system of any one of the above clauns, wheremn the at least one bus includes a

display bus, a detection bus and a release bus {or centralized seleciive fire proftection of &
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plurality of hazard areas, each of the detection and releasing buses defining a fivst
detection circuit and a releasing circuil inferconnected with the central controlier {0 profect
a first hazard area and at least # second detection circuit and a second release curout
inierconnected with the ceniral controller to protect g second hazard area different than the
first hazard area, the display bas including a fivst dispiay and a second display for

monitoring each of the first and second detection and releasing circuits,

The systern of any one of the above claims, wherein the at least one data bus

A

inchudes a moenitoring circutt having a variable resistance to determine a status of the

systern being any one oft fault condition, noroal condition, alarm condition, manual

release condition, or an open circust fault condition.

36, The sysiem of claim 35, wherein the monitoring circuit includes a pair of terminals
having a variable resistance value across the terminals to detine the signal fype, the
variable resistance value inchiding the oilowing ranges: 1 350300 chmis o indicale a
faull condition type stgnal; G 700-10,000 ohms o indicate a normal sfate for a ready
condition signal; (1) 8-350 ohmis to indicate a fire detected condition {or an alarm
condition signal; (1v) S00-740 ohms to indicate a manual release delection state (manual

actuation); and (v} greater than () 10,000 ohms to indicate an open circuit for a tault

condition tvpe signal.

The system of any one of the sbove claims, wherein at least one of the first and

second pairs of data wires defines a twist rafe of one tnch per twist (1 o /twist),

;’;}
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