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(54) Title: MODULAR AND EXPANDABLE FIRE SUPPRESSION SYSTEM

(57) Abstract: A tire suppression system includes
i 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 inter-
face and system response. The connectors of each
module interconnect the plurality of modules in
series to the central controller.
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MODULAR AND EXPANDABLE
FIRE SUPPRESSION SYSTEMS AND METHODS

[0001]

Technical Field

[0002] This invention relates generally to a fire suppression system for the protection
of large machinery, equipment or mobile equipment, and more particularly, to modular
components of the system, their assembly and their interconnection.

Background of the Invention

[0003] A fire suppression system for vehicles is shown in international patent
application publication in WO 2014/047579. The system shown therein includes
components such as user interface display devices, fire detection devices and suppressant
releasing devices that are connected to a centralized controller along respective cabled
buses for display, detection and release. Devices of a given bus are interconnected with
one another by cable connectors. The cables and connectors carry data signals to provide
communication between the device and the central controller. The cables and connectors
also supply power to devices for their respective functions. Generally, the connectors and
cabling interconnect the devices in a parallel fashion to provide both power and data
communication.

[0004] Such a parallel connected cable configuration limits the ability to expand the
buses. More specifically, the distances between, for example, an interface control module
and a detection or release module is limited to two-hundred fifty feet (250 ft.) for proper

communication. For large vehicles used, for example, in mining or quarry operations, the
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distance resiriction can be a hindrance to providing the desired fire protection. 1t is
desirable to have a systom in which system components can be interconnscied to expand
the number of componenis in the system and/or the cabling distance between the
components to protect multiple hazard zones of a vehicle or other equipment area {0 be
profected.

Bizeivsure of the Inventiva

HEETRY Preferred embodiments of a modular fire suppression system are provided in
which the modules of the system are preferably grouped together by type or function and
interconnected with one another to & ceniral sontrolier to form one o more data buses for
carrying owl system functions, such as for example, {ire delection, systermn response or user
operations,  Preferred embodiments of the modules provide a connecior to facilitate the
interconnection between modules and the central controller to form the data buses of the
sysiem. A preferred embodiment of a fire soppression system includes a centralize
controller and a plurality of modules. Bach module preferably includes 2 bousiog, a
printed circuit board with a reounted microprocessor, a frst connector including & first
pair of data wires mounied to the board, and & second connecior including a second pair of
data wires mounted to the board so that the printed circuit board electrically connects the
first and second pairs of data wires. The modules are inferconnected with the cootral
controller to define at least one data bus for cenralized five detection or system response,
which preferably includes a user interface bus, a fire detection bus for detecting a fire and
a release bus for releasing 8 suppressant to suppress a fire. The data bus provides for a
first end modude with its first oonnector sonnecied 1o the centralized comtroller and 2
second end module with its second connector for connection to ancther module so that the
printed circutt board of cach module interconneets the plurality of modules in series o the

ceniral controller. By using a preferred modular and serial interconnecton of system

¥
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components, the system can be physically and functionally expanded in the protection of
equipment by the addition and interconnection of modules beyond previously known
distance limitations while maintaining the benefits of centralized control.

[0006] In a preferred aspect the preferred modules and their respective connectors
provide for preferred cabling distances between the modules and between the centralized
controller that are greater than previously commercially available while maintaining
centralized system communication and control. In a preferred aspect, the connector-to-
connector wiring between modules can extend up to a maximum of 4000 linear feet. In a
preferred user interface bus of the system the preferred interconnections provide for a
maximum bus length ranging from 1000 feet to 4000 feet. For a preferred embodiment of
the fire detection bus, a maximum bus length preferably ranges from 750 feet to 1500 feet;
and in preferred embodiments of the release bus defines a bus length from the central
controller to a release module ,or from a release module to an actuation assembly of the
system, ranges up to a maximum of 250 feet.

Brief Descriptions of the Drawings

[0007] The accompanying drawings illustrate exemplary embodiments of the
invention, and, together with the general description given above and the detailed
description and attachments given below, serve to explain the features of the invention.
[0008] FIG. 1 is a schematic illustration of one embodiment of a fire suppression
system.

[0009] FIG. 2 is a schematic illustration of altemate embodiments of a module for use
in the system of FIG. 1.

[0010] FIG. 2A is an illustrative preferred embodiment of a module showing a wiring

bend radius out of the module for use in the system of FIG. 1.
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[O311] FIG. 3 is a detailed schematic view of data and power wiring in the module of
FIG. 3,
L Y FIG. 4 is a schematic of one embodiment of a monitoring ciroolt for use in the

system of FIG. 1.

Bietailed Description of the Preferved Embodiments

18013} FIG. 1 is a schomatic Hlustration of & preferred embaodiment of 2 fire protection
sysiern 10 thal preferably provides for continuons monitoring and protection of ong or
mors hazard areas HA. Bxemplary hazard area(s) HA protected by the system 10 can
include and are not limited 1o large indostrial equipment, machinery or mobile equipment
such as for gxample, generator sets, air compressors, drill rigs, tunpel boving machines,
hydraplic excavators, haul irucks, whesled loaders, dozers and graders, efe., and the
associated areas, such as for example, engine compariments, wheel wells, hydraulic
cquipent or storage arcas for combustible materials. The system 10 s modular with
modules intorconnected with a central controller. The modules provide a specific or
selectively addressable interface between system components and the central controller,
Generally, the modules of the system are one of the following types: a detection module, a
refease module, or a user inferface module. The system 10 and its central couiroller
monitor the one or more hazard sreas FA through the detection modules and associated
fire detoction sensors to detect a e, I & fire bas been detected and wemtified by the
central controller, the central controller addresses the fire through the release modoles by
operating one or more taid confrol assemblics to rolease 3 suppressant and distribute the
suppressant through one or more nozzies or distribution devices located in the hazard areas
HA to vreforably suppress the fire. The user interface modules provide owners and

operators with an interface to program, update and access the system 10 for its operation,
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control and historical and/or real-time monitoring, For the proferred embodiments of the
system 10 described berein, the centralized controller can address or communicate with
the modules of the system individually, selectively, in groups or giobally in order to carry
out desired fire profection moniloring, msﬁons&:, reporting andfor programuming.

[Beid] The modules of a particular type or function are preferably grouped together
and interconnected with one another and the central controller to form a data bus for
carrying out one of the ceniralized {unctions, such as for exmmple, detection, system
response or user operations. Moreover, as described herein, prefersd embodiments of the
modules provide a connector o facilitate the interconmection between modules and the
ceniral controller to form data buses of the sysiom. By using this preferred modular
approach, the aystem [0 can be expanded by the addition and interconnention of modules
without any practical limitation while maintaining the benefits of centralized control.
j8615) Shown in FIGD 1 is a schematic view of a preferred embodiment of a fire
suppression system 18 for the protection of one or more hazard areas HAL HAZ ... HAn
{collectively HA). The system 10 includes a centralized countrolier 12 and g plurality of
modules 14x, 14y, 147 interconnected with one another to provide for a detection data bus
16, & release data bus 12, and a user imerface daia bus 20 for centralized fire detection,
response and/or system reporting, The systern 10 can include additional or other auxiliary
power buses 24, sach as for exarople, for powering other associaied systems, such as
zudible alarms, or other detection type devices such as a smoke alarm, which can be
connected 1o the central controller 12 through an appropristely configured defection
module. In cach data bus, the modules 14x, 14y, 14x are preferably conpected in series
with one another and the central controller 12,

10816} For the preferred systern 10, the modules 14x of the detection bus 16

imerconnect the central controller 12 with one or more fire detection devices 50, such as
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for example, spot thermal detectors 50a, lincar thermal detectiws 50b, or intra-red
(R Voptical sensors S0c focated within the one or more hazard areas HA. Alternatively or
additionally, the modules, 14x of the dotoction bus 16 can be coupled 1o one or more
manual actuators, such as for sxample, an eleciric manual actuator 56d, for manual
suppressant release through the central controller 12, Upon appropriate detection and
defermination of a five I a hazard ares, the centreal condroller 12 signals for release of
suppressant through the modules 14y of the release data bus 18, The modoles 14y of the
release data bus 18 intercommect the ceniral controller 12 with one or more actuation
asseroblies 690 for the relcase of fre suppressant. The system 10 is preferably connected 1o
a supply of suppressant, such as for example, wet andfor dry chemical agent preferably
stored in one or more storage fanks ST, for delivery o one or more nozzles or distribution
devices 70 located in the hazard area HA. The suppressant is proforably not stored under
pressure and therefore a cylinder of pressurizing gas PO is connected ¢ 3 suppressant
storage tank ST for delivering the suppressant 1o the nozzle 70 under lts operating or
working pressure. Controlling the release of the pressurizing gas PG into the suppressant
tank ST is the preferably electrically operated actuation assembly 60, which is coupled to a
module 14y of the release data bus 18, The centeal controller 12 signals operation of the
actaation assemblies 60 through the release modules 14y of the release data bus 18, The
modules 14z of the user interface bus 20 provide and interconnect user displays, conirols
and/or poris for users o access the central controller 12 of the system 1 fo program
systern operations, manually sigoal aperation of the systern 18 and/or access history logs
and other data on the systern 10,

{8171 Shown in FIG. 2 is 2 generalized module 14 representing the various modules
Tdx, 1dy, 14z used of the system 16, The moduie 14 generally inclodes g housing 30 and

-~

an internal printed circuit board (PCB) 32 with a microprosessor 34 mounied to the

B
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printed circuit board 32, Depending upon the fype of module 14y, 14y, 14z the
microprocessor 34 s connected or coupled with either: (i) an internal or external fire
detection or thermal sensor; (i) an external frangducer or other elecirically operated device
or aother digital or analog equipment; or (it} an mput or outpot device. To form the
preferced interconnections described herein {or digital compunication with the central
confroller 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 1o form s fivst mousting or solder pad 33,
The preferred module 14 also includes a second connector 40 having a second palr of dala
wires 42 mounted to the board 32 to form a second mounting or solder pad 43, With
additional seference to FIG. 3, the frst and second mounting pads 33, 43 define a
preferred centor-io-centor spacing 3 of 0,125 inch. For each of the mounting pads, the
pair of data wires extend through a pair of through holes on the printed cireuit board that
define a center-to-conter spacing C that ranges from 0.070 inch to 0.090 inch and is more
praferably no less than 0085 inch. The preforred spacing can provide sufficient spacing
and flex in the wiring when enclosed 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 mweh per twist {1 intwist) In order o minimize eleciromagnetic
interference (HEMI). The printed circuit board 32 slectrically conneets the first and second
pairs of data wires 38, 42 with, for example, a trace o othor condyctive sonnection
exiending between the data wire connections af the printed cireuit board 32, Accordingly,
the printed circuit board 32 forms a bridge between the first and second connectors 36, 44,
The conpectors of the module can be disposed or fixed sbout the housing 30 as shown in
solid, Alternatively, the connectors 36, 40 can extend loosely from wrapped or shielded
wiring that penetrates the housing 30, An ilhustrative embodiment is shown in FIG. 2A in

which the wiring extends out of the display bousing with & bend radius. The wiring
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extends from the module housing 30 to define a preferved minimum bend radius R of two
and one-half inches {2172 in}. Having the connection wiring extend loosely from the
housing 39 can provide additional flexibiliy for mounting the modoles and associated
equipment of the system 1.

jpois Referring again to FIG. 1, the modules 14x, 14y, 14z of the system 10 are
interconmecied with the central controller 12 to define the one or more preferred data buses
16, 18, 20 for centralized fire detection, responss and system reporting. In gach data bus,
the modules are preferably connecied in series with one another and the ceniral controller
12, More specifically, 3 conoector 36, 40 of one module s preforably conoected t© 3

”

connector 35, 40 of the next module in series, The first and second connectors 36, 40 can
be physically configured or construcied i a complomentary manner fo facilitate their
interconnection. For example, the connectors 36, 40 can be configured as complementary
male and female connectors o faciliiate the interconnection between the modules 14x,
14y, 14z and/or the coniroller 12, Alternatively or additionally, the connectors 36, 40 can
be complementary rounded or circular threaded conmectors or other complementary pin
connectors.

{8019} For illustration of the preferred interconnections of the system 10, specific
raference is made o the detection data bus 16 shown i FEG. 1, With the modules
preferably interconnected in series, each dats bus of the aystem 10 preferably includes a
{irst end module 14z with Hs fiest connector 36 connecied 1o the centralized controlier 12.
At the opposite end of the data bus 16, a second end module 14b has its second connecior
44 available for comnection to another module or alternatively {0 serve as a terminating
end of the bus. Accordingly, additional modules can be added to second end module 14b
of the data bus for expansion of the syﬁttgm 13, Agsin intermediate the first and second

end modules 14a, a connector 36, 40 of one module is preferably connected to g connecior
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36, 40 of the next module in the series. The module interconnections are preforably
formed with ao appropriate serial or digital communication cable. More preferably, the
modile interconnections are made with RS-485 serial comnunication cable, The data
buses 16, 18, 20 are appropriately wired for the R8-485 cable and can be formed as either
a haif-duplex or fdl duplex systern. To the extent it is desirable to minkmize the “drop” or
distance from any module connection 1o the data wires of the RS-485 cable, the preferred
mounting of the data wires to the PCB 32 minimizes or eliminates the drop distance.
Morgover, the preferred wirlag of the system 10 can climinate or minioze the use of T-
connectors and/or end of ne terminators.

[6628] Use of R8-485 wiring provides system flexibility by providing preferred
cabling distances between the modules and between the cendralized controlier 12 and the
modules 14x, 14y, 14z that are grester than previously comumercially available while
roaimtaining centralized syaterm communication and control. For sxample, connector-io-
connecior wiring can extend up o a maximum of 4000 linear fest. Preferable cabling
distances between components can be smaller. In a preferred embodiment of the system
16, the maximuun distance from the centraf controller 12 to the first end module 14a of the
relesse data bus 18, or from any analeg device 1o a module 14y of the release data bus 18,
is preforably 250 linear fect. In one preferred aspect, the release dats bus 18 defines a tolal
bus length BL that ranges up {6 a maxisum 4000 linear feet from the central controiler 12
1o the last module 14y in the bus. In another preferred aspect, the detection daia bus
defines a total bus length BL of up o a maximum of 1500 fect and more preferably 750
linear feet. For the user Interface data bus 20, a preferred bas length BL total ranges up to
g preferred maximum of up o 4000 feet and more preferably up 1o 8 maximum of 1000

feet. Morcover, the user dats bus 20 can locate a display device in or proximaie any one
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of the hazard aveas HA. Thus, the system 10 can provide for centralized control with
multiple user interface locations remotely spaced from the controfler 12,

19211 Again for cach daia bus, the modules on any one particular bus are preferably
grouped together based on its type or fonction, Thus, for example, the modules on the
detection data bus 16 are defection type modules. Referring again to FIGL 2, the type of
module is preferably determined by the indernal or external components coupled with ifs
microprocessor 34, For examiple, the module can be configured as a detection module 14x
that includes a thermal sensor for five detection, sech as for example, an internal infrared
or optical sensor 3o, Alternatively or additionally, the detection module 14x can include
an appropriately wired connector 312 and circullry for connscting the microprocessor 34
1o one or more external analog sensors and/or devices, such as for example, a spot thermal
detector 504, a linear thermal detector 50¢ or a manually operated device 30d for signaling
clectric-pneumatic sciuation o the central controller 12,

168221 For the release data bus 18, the modules are preferably configured as release
modules 14y having Its microprocessor 34 preferably connested for operation and
moenitoring of onc or more actustion assembles 60, Referring again fo T, {, a preferred
actuation sssembly 60 includes an cleciric-pooumatic sctuator 60a that operates from an
appropriately delivered electrical signal to drive a puncturing member to puncture a
rupture disc o discharge the pressuring gas PG for prossurizing the suppressant tank 87T,
One preferred embodiment of the eleciric-preumatic actuator 60a includes & protraciing
asotuation device (PADN. Referring to FIG. 2, in a preferred embodiment of a release
module ldy, a connector 31b is preforably configured to be connecied o the eleciric-
preumatic actuator 60a. o a preferred arrangement of the release bus 18, one release
module 14y can be connected o and operate up to a preferred maximum of ten {10)

clectric paeumatic aciuators 60a. The sctuator 60a s also preforably  operated

“1{-
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poeumatically in which manually delivered compressed air {not shown) drives the
puncturing member. The actuation assembly 60 can include a pressure switch 60b or other
flow switch to deteet the flow and/or pressure of pressurizing gas.  Accordingly, the
releasing module 14y preferably inchades a comnector 31c for connecting the
microprocessor 34 fo receive signals from the pressure switch 60b for feedback to the
central comfroller 12 regarding the state of pressurizing gas flow.  In an alternate
embadiment of the release module 4y, the connectors 31h, 31c can be configured as a
relay module 14yy for connection o other associated systoms of the equipment being
protected, such as for example, an engine systern ENG, to facilitate comumunication
between the central controller 12 and the engine system to Initiate an ongine shot down
prior to suppressant discharge.

{04231 In & preforred embodiment of the user imterface bus 20, the modules are
configured as display modules 14z, The display module 14z is preferably configured asa
user input and output device that can access the central controller and display information
i a systom user or operator,  The display module 142 also preferably provides an input
interface {or the sysiem user or operator to selectively access, operate, and/or programs all
ot parts of the systern 10 through the central controller 12, Accordingly, In a preferred
aspect, the user display module 142 includes one or more display devices 80a such as, for
example, & lguid crystal display (LOCD) sereen mounted within the housing 40 of the
display module 142 coupled o the microprocessor 34, Additionally or aliernatively, the
display devices 80a capn include an aray of LED indicstors coupled with the
microprocessor 34, Also mounted about the modute 14z are one or more control devicss
#0b coupled with the microprocessor 34 1o control the LOD device 80a or other display
device and access the central controller 12, The condrol devices BOb preferabdy fnclude

push buttons, toggle buttons, soroll bars, touch sergens, and more preferably, include a

i
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swihich membrane coupled with the microprocessor 34, One preferred embodiment of the
switeh membrane includes up and down arrow buttons with one or more selection buttons
for accessing, navigating and selecting through operational programs of the gysiem 10
located on the central contoller 12, Additdonally, the preferred switch mermbrane 80k
ingiudea 2 buiton to signal the controller 12 for a manual suppressant release. In ancther
preferred aspect of the display device module 14z, the module preferably includes a digital
aceess connector 8Os for access by a computer device or computer sforage device, such as
for example, a thumb drive. In one preferred embodiment, the digital access comnector
40c¢ is embaodicd as a USH or similar port connection. A systerm user or operator could
aceess the port 80c with a computer or dise drive using an appropriately configured
connecior 1o download or aocess system history logs or system programeming, update
system programmning of upload new programroing to the central coniroller 12, As with the
conmestars 36, 40, the other connectors and/or ports 31a, 31b, 31¢, 80 can be disposed in
any manner about the housing 38 1o facilitate their access and connections,
[6624] One or more of the data buses 16, 18, 20 of the system 10 includes a
supervisory of mobnitoring civeuit to supervise the data bus(es) and determine the status of
the system 190, A preferred smbodiment of a monitoring circuit uses variable resistance o
determine a status of the system. For the preferred detection data bus 16, the monitoring
circuit uses a variable resistance to identify any one oft a fault condition, a normal
comditinn, an alamn condition, a manual release condition, or an open civouil faul
condition.  Monitoring circutis for the other data buses can employ fower condition
determiners, The modules 14 of the system can be configured with inlernal circuitry 90
that communicates with the central controller 12 io dotormine the state in the date bus.
Referring again o FIG. 2, the module 14 prefersbly includes an asscclated internal

gireuiry 90 in communication with the central controller 12, The internal clrcuitry 90
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preferably includes a monitoring circuit that works in conjunction with the deiection
microprocessor 34 (o monitor the devices associuted or cospected with the module 14,
Ome embodiment of a monitoring circuit Is configured with the microprocessor 34 1o
measure and process the voliages across g detection resistor R30 and terminal ends T, T2
o detgrmine the state of the monbioring circult, The detected stalus or (pedback from the
circuit, as defined by the detecied rvesistance in the detection resistor RS0, can be
commmunicated from the module 14 {o the ceniral controller 12 to determine the systers
status of the module 14 and then displayed to a system operator or user at a display
maoduie 142,

[RO25] Shown in FIG. 4 is an exemplary moniforing cirouit 468 that includes a first
resistor R34, a first inductor LS, a mini DIN comnector 52, & second inductor L7 and 5
second resistor RA0 coupled to ground, - Coupled to the mint DIM 9 can be the signal
civenrit defined by, for example, the internal or external thermal sensors associated with the
detector module 14x, A sensing current, preforably about 200 microamps (20014), is sent
through the first resistor B34, the first inductor L3, oul pin 4 of the mini-DIN through
device circutry of the module and back through the mind-DMN J9 af pin 2, through the
second inductor L7 and through the second vesistor R80. The microprocessor 34 evaluates
the voltage across second resistor B30 to determine if there §s a fault in the module 14 and
the associated devices. I3t is determined that there is a voltage across second resistor RS0
then there is no faull, If there iz no voltage across second resistor R5G, then there is a
fault, To determine as to whether or nmt the fault is & ground faull, Lo, wire in contact
with, for example, a vehicle chassis or an open circuit, the microprocessor 34 evaluates the
voltage at each of the first terminal T and second terminal T2 of the monitoring eircuit,
From the voltage differential, the microprocessor 34 determines a resistance vahie across

the terminals T1, T2, That value is communicated io the ceniral controller 12 for
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determination of the state of the device civeuit defined by the module 14 and is associated
devices, In one particular erobodirment, the state of the detection module 14x, for
example, and its associated devices, is defined by the following resistance values {oluns),
measured at T1, T2 1) 350-5300 ohms to indicate a fiult condition type signaly (3} 700~
10,000 ohms (o indicate a normal state for & wady condition signal; (1) §~-330 ohms to
indicate a fue detected condition for an alarm condition signaly (v} 300-700 ohms fo
indicate 2 manual release detection state (manual actuation); and (v) greater than (&)
16,000 ohims (o indicate an open oircuit fault condition type signal. Other roodules 14,
such as the release raodules 14y or display modules 142 can use slemate resistance values
with their associsted infernal or external dovices for status determination by the ceniral
controller 14, Moreover, each of the mvm*:itoring circuits 80 of the modules 14 can be
incorporaied into a ground faall detection of the system 10, The sensing current is
praferably taken from the power bus described herein.  In order to properly detect a
grovnd fault state, the ground of the power supply coupled 1o the power bus is preferably
reforenced or grounded {o the vehicle chassis. Exemplary embodiments of 3 ground fault
detection ciwalt and detection monitoring clreuit is shown and deseribed in PCT
Infernational Patent Publication No. W(2B14/047579.

{00261 in addition to centralizing the operation and control of the system 10 through
the various data buses, the system 10 is preferably powered theough the central controlfer
12 and the data buses 16, 18, 20, With reference 1o FIG. 1, a power bus 22 s preferably
intinted at the centralized comnbroller 12 for distribution to the various modules and
sszociated components to power the systera 10, A power meoedule 100 is preferably
mierconnested with the central controlier 12 to power the data buses. In order io supply

power to the power module 140, the power module is preferably coupled fo battery power,

ida
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such as for exampie, in the case of mobile eguipment, a vehicle battery VBATT, to power
the system 140,

{80271 The power for the various data buses is preforably carried along the same
cabling used for data compuwmication. Accordingly, power wires are prefersbly run
paraliel with the data wires, for example, in the RE-488 cable interconnecting the modules
14 and ceniral comirpller, Like the data buses, the power supplying wirgs are
inferconnected by the printed cireuit boards 32, Roforving again to FIG. 2, each module 14
angd it first connector 36 includes a first palr of power wires 184 mourded 1o the board 32
and the second connector 40 includes a second palr of power wires 106 mounted to the
board 32. The printed circuit board 32 elecirically connests the {irst and scoond pairs of
power wirey 164, 188, The printed circuit board 32 thus interconnects sach of the modales
14 in serigs to defing the preferred power bus 22, paralieling cach of the data buses 16, 18,
28, The first and second pairs of power wires 164, 106 forn a twisted pair and define a
preferred twist rate of one inch per twist (1 in.fiwist) in order to minimize sleciromagnetic
interference (EMI). Referving to FIG. 3, the {irst pair of power wires defines a fest power
mmounting pad 168 on the printed oirenit board 32 having a center, the second pair of power
wires defining a second power mounting pad 110 on the printed cireuit board having 2
center,  The first and second power mounting pads define a preferred center-io-center
spacing DD of 8,125 inch. Referring agaio to FIG. 1, in avotber preforced aspect of the
powey bus 22, the centralized controller 12 and power module 160 are Integrated with a
batiery back-up 112, The battory back-up 112 preforably includes two back-up batteries
for powering the svetem 10, Preferably, the central controller 12, power module 100 and
battery back-up 112 are housed and integeated into a single bousing. In order to facilitate
maintenance of the system and avoid an accidental discharge of suppressant, the power

bue preferably includes an interlock or isolation switch 129, The isclation switch 129 is
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prefersbly lockable with a customized key 129, Insertion of the key 1292 inio a
receptacie or receiver of the awitch 129 preferably generates a signal to the ceotral
controller 12 which in turn disables the sulomatic suppressant release capability of the
systom 10 as described hersin. By disabling the automsatic release, maintenance about the
protected equipment and systern can be conducted without worry of an unwanised
sutomatic release. The key 12%9a is preforably customized to limit personnel abie io
disable the auwtomatic release. As described boreiln, the system 10 can include addiional
data buses, such as for example, an auxiliary data bus 24 formed with the central controlier
2 for operation and control of other auxiliary components AUX of the system 10 or
subsysterns of the protecied equipmend, such as for example, audible alarms, strobe Hghis,
ete.  Alternatively or additionally, the external devices can be directly coupled o the
central controller 12.
{8028] An exemplary system 10 as described herein can be set up and operaied in the
following manner for the protection of two or more harard areas HA of an avea io be
protectad.,  Sensors and noszles are located within each hazard area HA to define a
detection civcull and a releasing circuit of the detection and release buses for profection of
the different hazard arcas. The central controlier 12 45 programmed preferably using the
display medole 142 to associsie or relate gach of the detection and release modules 14x,
14y with a particular hazard area making each of the modules addressable for digital
conpmunication by device and hazard arca. Through data comprunication and polling, the
central controller samples status data from the detection modules 14x in a preferably
programmed manner., Yoltages or other data from the associsted sensors of the module
are conveved 1o the central controller for a system status determination. Upon appropriale
detection of an alarm condition, the central controller displays the condition to a aser or

operator al the display module 142 In one operational aspect, the operstor can either

-16-



silence the condition at the display module 14z, or alternatively, manually initiate a
suppressant release from the display module 14z. In an automatic programmed response,
the central controller 12 can initiate a timed response to the alarm condition, which
includes continued monitoring of the alarm condition from the detection modules 14x.
The countdown preferably provides sufficient time for operators and other personnel to
exit the vehicle or other immediate area being protected. In the alarm condition, the
controller 12 can shut down the equipment being protected and countdown to a
suppressant release through the release and relay modules 14y, 14yy. Upon expiration of
a programmed countdown, the central controller 12 can signal select release modules 14y
for electric operation of the actuation assemblies 60a. The selection of release modules is
preferably based upon their association with the hazard area HA in which the fire is
detected. Feedback from the pressure switches 60b and the release modules 14y permit
the central controller 12 to monitor the suppressant release and the availability of
suppressant. Upon suppression and extinguishment of the fire, the system 10 can be
accessed by the display module 14z to review history logs of the system. Using the
accessed data, the system can be serviced, maintained and placed in operation.

[0029] While the present invention has been disclosed with reference to certain
embodiments, numerous modifications, alterations, and changes to the described
embodiments are possible without departing from the sphere and scope of the present
invention. Accordingly, it is intended that the present invention not be limited to the

described embodiments.
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We Claim:

1. A fire suppression system comprising:
a centralized controller; and
a plurality of modules, each module including:
a housing;
a printed circuit board with a microprocessor mounted to the printed circuit
board;
a first connector including a first pair of data wires mounted to the board,
and
a second connector including a second pair of data wires mounted to the
board, the printed circuit board electrically connecting the first and second pairs of data
wires;
the plurality of modules being interconnected with the central controller to define
at least one data bus for centralized fire detection and system response, the at least one
data bus having a first end module with its first connector connected to the centralized
controller and a second end module with its second connector for connection to another
module, the printed circuit board of each module interconnecting the plurality of modules
in series to the central controller; and
a power module interconnected with the central controller to power the at least one
data bus, wherein in each of the plurality of modules of the at least one data bus, the first
connector includes a first pair of power wires mounted to the board, and the second
connector includes a second pair of power wires mounted to the board, the printed circuit

board electrically connecting the first and second pairs of power wires, and the at least one
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Date Recue/Date Received 2023-06-26



data bus including a power bus with the printed circuit board of each module,

interconnecting the modules in series to the power module.

2. The system of claim 1, wherein the at least one data bus is any one of a user
iterface bus, a fire detection bus for detecting a fire or a release bus for releasing a

suppressant to suppress a fire.

3. The system of claim 2, wherein the at least one data bus is a user interface bus, and
the plurality of modules include at least one display module having a user interface display

mounted within the housing.

4. The system of claim 3, wherein the at least one display module includes an LCD

display and a switch membrane coupled with the microprocessor of the module.

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

1000 feet to 4000 feet.

6. The system of claim 3, wherein the at least one display module includes a USB

port for connecting to a device to any one of upload a program or download a history log.

7. The system of claim 2, wherein the at least one data bus is a fire detection bus,

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

8. The system of claim 7, wherein the sensor is mounted within the housing.

9. The system of claim 7, wherein the at least one module is serially connected with a
module coupled to an analog sensor being any one of a thermal detector or manual

actuation device.
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10. The system of claim 2, wherein the at least one data bus is a fire detection bus,
wherein at least one module is coupled with an analog sensor being any one of a thermal

detector or manual actuation device.

11.  The system of claim 2, wherein the fire detection bus defines a maximum bus

length that ranges from 750 feet to 1500 feet.

12. The system of claim 2, wherein the at least one data bus is a release bus, the
plurality of modules including at least one release module coupled to at least one actuation
assembly coupled to a supply of fire suppression agent, the at least one module providing

for electrical actuation of the actuation assembly to release the fire suppression agent.

13.  The system of claim 12, wherein the at least one actuation assembly includes at

least one electric-pneumatic actuator.

14.  The system of claim 13, wherein the at least one electric-pneumatic actuator

includes a protracting actuation device coupled to the at least one release module.

15.  The system of claim 13, wherein the at least one electric-pneumatic actuator

includes a maximum of ten (10) electric-pneumatic actuators.

16.  The system of claim 12, wherein the at least one actuation assembly includes a
pressure switch for feedback to the central controller through the at least one release

module.

17.  The system of claim 12, wherein the at least one release module is coupled to a

relay module for interfacing the central controller with another system.
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18.  The system of claim 12, wherein the release bus defines a bus length from the
central controller to the at least one release module or from the at least one release module

to the at least one actuation assembly ranges up to a maximum of 250 feet.

19.  The system of any one of claims 1 to 18, wherein the first and second connectors

include a male connector and a female connector.

20.  The system of any one of claims 1 to 19, wherein the plurality of modules are
interconnected by serial connection cable extending between the first and second

connectors.

21.  The system of claim 20, wherein the serial connection cables are RS-485 serial

connection cables.

22.  The system of claim 21, wherein the first connectors, second connectors and serial

connection cables are connected by threaded circular connectors.

23.  The system of any one of claims 1 to 22, wherein the first pair of wires defines a
first mounting pad on the printed circuit board having a center, and the second pair of
wires defines a second mounting pad on the printed circuit board having a center, the first

and second mounting pads defining a center-to-center spacing of 0.125 inch.

24.  The system of any one of claims 1 to 23, wherein at least one of the first and
second pairs of wires are solder mounted to a pair of wire through holes on the printed
circuit board, the pair of through holes defining a center-to-center spacing therebetween

ranging from 0.070 inch to 0.090 inch.

25.  The system of claim 24, wherein the center-to-center spacing defined by the pair of

through holes is no less than 0.085 inch.
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26.  The system of claim 25, wherein at least one of the first and second pairs of data
wires extends from the module housing and defines a minimum bend radius of two and

one-half inches (2-1/2 in.).

27.  The system of claim 1, wherein the first and second pairs of power wires define a

twist rate of one inch per twist (1 in./twist).

28.  The system of claim 1, wherein the power module is coupled to a battery to power

the system.

29.  The system of claim 1, wherein the first pair of power wires defines a first power
mounting pad on the printed circuit board having a center, and the second pair of power

wires defines a second power mounting pad on the printed circuit board having a center,
the first and second power mounting pads defining a center-to-center spacing of 0.125

inch.

30.  The system of any one of claims 1 to 29, wherein the centralized controller is

integrated with a battery back-up.

31.  The system of claim 30, wherein the battery back-up includes two batteries.

32.  The system of any one of claims 1 to 31, wherein the central controller is coupled

to an auxiliary device being any one of an alarm or detector.

33.  The system of any one of claims 1 to 32, wherein the at least one bus includes a
display bus, a detection bus and a release bus for centralized selective fire protection of a
plurality of hazard areas, each of the detection and releasing buses defining a first
detection circuit and a releasing circuit interconnected with the central controller to protect

a first hazard area and at least a second detection circuit and a second release circuit
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interconnected with the central controller to protect a second hazard area different than the
first hazard area, the display bus including a first display and a second display for

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

34.  The system of any one of claims 1 to 33, wherein the at least one data bus includes
a monitoring circuit having a variable resistance to determine a status of the system being
any one of: fault condition, normal condition, alarm condition, manual release condition,

or an open circuit fault condition.

35.  The system of claim 34, wherein the monitoring circuit includes a pair of terminals
having a variable resistance value across the terminals to define the signal type, the
variable resistance value including the following ranges: 1) 350-500 ohms to indicate a
fault condition type signal; (i1) 700-10,000 ohms to indicate a normal state for a ready
condition signal; (iii) 0-350 ohms to indicate a fire detected condition for an alarm
condition signal; (iv) 500-700 ohms to indicate a manual release detection state (manual
actuation); and (v) greater than (>) 10,000 ohms to indicate an open circuit for a fault

condition type signal.

36.  The system of any one of claims 1 to 35, wherein at least one of the first and

second pairs of data wires defines a twist rate of one inch per twist (1 in./twist).
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