REMOTE DEVICE CONTROL AND POWER SUPPLY RELATED APPLICATIONS [00011The present
application claims priority to U.S. provisional application no. 61/194,055, filed on September 23, 2008
and entitled Ethernet Based Actuator Controller, the entirety of which is hereby incorporated by
reference. FIELD [00021The present invention relates generally to aircraft. More patrticularly, the
present inventiongelatgsdmsenhancing control and power supply to remot&@eiseeis/M5eEfed throughout
an aircraft. BACKGROUND [0003]The way that the Vietnam War is now remembered as the helicopter
war, the current conflicts in Irag and Afghanistan may be remembered for the use of unmanned
drones. Drones may facilitate remote intelligence gathering, alleviating the need for foot soldiers to
enter into hostile areas "blind," with little or no information about the location and strength of hostile

forces. Drones may provide.close cogﬁgﬁjﬁ tlih d eliminating targets of
interest, alleviating the need to expo die 0 po ential small arrns fire, mortars,

rocket grenades, road-side bombs, anti-aircraift Weaponry missiles, and other dangers.
RELATED APPLICATIONS

[0001]  The present application claims priority to U.S. provisional application

no. 61/194,055, filed on September 23, 2008 and entitled Ethernet Based

Actuator Controller, the entirety of which is hereby incorporated by reference.
FIELD

10002] The present invention relates generally to aircraft. More particularly,
the present invention relates to enhancing control and power supply to remote
devices located throughout an aircraf.

BACKGROUND
 [0803]  The way that the Vietnam War is now remembered as the helicopter

war, the current conflicts in Iraq and Afghanistan may be remembered for the use
of unmanned drones. Drones may facilitate remote intelligence gathering,
alleviating the need for foot soldiers to enter into hostile areas “blind,” with little
or no infermation about the location and strength of hostile forces. Drones may
provide close combat support, such as identifying and eliminating targets of
interest, alleviating the need to expose soldiers and/or airmen to potential s;nali
arms fire, mortars, rocket grenades, road-side bombs, anti-aircraft weaponry,
missiles, and other dangers.

[0004]  With aircraft generaily theré is a long felt need to enthance performance.
Prior improvements include those disclosed in U.S. Patent No. 4,816,828 (fiber
optics interconnected with cameras), U.S. Patent No. 5,255,880 (fiber optics
interconnected with a column signal generator), and U.5. Patent No. 4,143,410
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[0004]With aircraft generally there is a long felt need to enhance performance. Prior improvements
include those disclosed in U.S. Patent No. 4,816,828 (fiber optics interconnected with cameras), U.S.
Patent No. 5,255,880 (fiber optics interconnected with a column signal generator), and U.S. Patent No,
4,143,410 (miniature gage control wiring). However, the operational capabilities of conventional
aircraft and unn¥frét/erEes remain limited. BRIEF SUMMARY 100051 THE &8sy stem and
method may enhance endurance, maneuverability, operational capability, and/or maximum
sustainable altitude of an aircraft. An actuator interface controller may be provided that interfaces with
a remote device located throughout the aircraft, such as in the wings, the tail, landing gear, the
fuselage, and other locations. The interface controller may accept a high voltage from a high voltage

power bus, and then provide a.steRReS e PTeWS.VllagR 10 slovyaliags power bus to power the

remote device. The interface controller may relay commands received from a control network that

direct the operation ebthenfienpieGavier vhheidntedasescentiallesitaay provide signal conditioning for
(a) command signals sent from a local processor located on the interface controller to the remote
device, and (b) feedBRKEH®EN MadtBed from the remote device. The interface controller may
communicate the feedback related to the operation of the remote device to the control network.
10006]In one embodiffieFit, a sydtedsfossupplymgndewsotorayenotecgustiiarycload located in an
aircraft may be provided. The system may include an actuator interface controller located in the aircraft

comprising a power SHBPRCTHEBRREPEIBHRARARY Betiier BERiTe ey A A gagE wire and a low

gage wire, with the highage yire beln,of hiaher, gage witing. than dhe.Jav, gage wirs, The high gage
wire may act as a high vo liage power bus and provide a |d’h voltage input to the power supply. The

power supply may b?eﬁ%@@%?@l&’a&?&mugho&t the aircraft, such as in the wings, the tail,

landing gear, the fuselage, and other locations. The interface controller may
accept a high vo]ﬁage from a high voltage power bus, and then provide a stepped
down or lower voltage to a low voltage power bus to power the remote device.
The interface controtler may relay commands received from a control network that
direct the opieration of the remote device. The interface controller may provide
signai conditioning for (&) command signals sent from a local processor located on
the interface controller to the remote device, and (b) feedback signals received
from the remote device. The interface controiler may communicate the feedback
related to the operation of the remote device to the control network.

[0006] In one embodiment, a system for supplying power to a remote
auxiliary load located in an aircraft may be provided. The system may include an
actuator interface controller located in the aircraft comprising a power supply.
The power supply may be interconnected with a high gage wire and a low gage
wiré, with the high gage wire being of Higher gage wiring than the low gage wire.
The high gage wire may act as a high voltage power bus and provide a high

voltage input to the power supply. The power supply may be configured to step

2



down the high voltage received to a low voltage that is lower than the high voltage on the high voltage
power bus and place the low voltage onto the low gage wire that may act as a low voltage power bus.
The low voltage power bus may be interconnected with the remote auxiliary load and provide the low
voltage to the remote auxiliary load. The remote auxiliary load may be located at a distance from a
power plant of theoaitYafe’¥%s a result, both a length of low gage wiring actfifl&20&(B#foltage power
bus and a longer length of relatively lighter high gage wire acting as a high voltage power bus may be
used to relay power from the power plant of the aircraft to the remote auxiliary load, reducing an
overall weight of wiring located in the aircraft required to supply power to the remote auxiliary load.
100071In another embodiment, a system for supplying power to a remote device located in an aircraft

may be provided. Th, sysietawiclude anacluglotdnigrage contielion letgarngled with a high

voltage power bus and havinga power supply. The power supply may be configured to reduce a high
voltage received frorgthg Righ¥REagRPOWES Heiacadeuovoiagse.eha bemnltaggpeiner bus and to
place the low voltage onto the low voltage power bus exiting the actuator interface controller. The high
voltage power bus haveasfirst thickne sslapdmfiesbweiti jver wiitedistancbusTheylow voltage power
bus may have a second thickness and a second weight per unit distance. The low voltage of the low
voltage power bus misipisentesstedhsith the g BREGEYIP IR T G VR St POVIEPHUS Hhe second

thickness and the second weight per unit distance of the low voltat%%pow r bucg,s{yacg be greater than

the first thickness antFTHE AFENAEI I pERe RPN LB RS Y BV StaGe power buis such that the
high voltage power bys is C%W#?f%q\é?%éigmﬁ'ﬁhﬁg dhelove valtage RWRIDLS PEEMpIt distance. The

system may include a remote device interconnected with the low vo tage power bus and that is

powered from the lowyaltage sarvigahypthelonw wallagapowaphus (Aaiseretigiiepbigier may be
transmitted to the remote device over both the low voltage power bus and the relatively lighter high

voltage power bus, resgiciicy actioyesalhigieigithed wivingbin they A osadtiragiairedvter Swpplepower to the
remote device. [0008]In another embodiment, a method of controlling and supplying power to a remote

device located in an aerariaEf e HrevfidbT FERTe OUHEYAH RIS 8YRIHG AR § rface
controller located at a first position, in the aircraft, and,interconnecting a high ire with the
interface controller. TH&' ngﬁlﬁ%{i@%i Wiééer%%yr/arfgﬁe?%ﬁdéop%%% F plant %J%éeté%n fgaﬁg‘iﬁﬁlage of the
aircraft to the interfagg,gontroller located at the first position for a first distance. The method may
include interconnecting a comparatively lower low gage wire with respect to the high gage wire to the
interface controller. Tlogplgw gaga:wiker Rabdimdiomsiberinterfasgdoptrollerttetirersemote device
located at a second position in the aircraft for a second distance. The high gage wire may have less
weight per unit distanbeieniddiickinessithaf they losmsegeee WhesyThe mathstPAiay include placing a
high voltage generated from the power plant located in the fusel,a%e onto the hig‘? gage wire running to
r

the interface controlléF T BYEHRAGCaBRITHHEHGMCBRAYER M BRSNS RO S Ssociated with the

intertace contrller o3 oy Y095, (% IRELAPa0 i ighclage. el Riaiog g low voliege on'o

voliage received from the high voltage power bus to a low voltage of a low

véitage power bus and to place the low voltage onto the low voltage power bus
exiting the actuator interface controller. The high voltage power bus have a first
thickness and a first weight per unit distance. The low voltage power bus may
have a second thickness and a second weight per unit distance. The low voltage of
the low voltage power bus may be less than the high voltage of the high voltage
power bus. The second thickness and the second weight per unit distance of the

Jow voltage power bus may be greater than the first thickness and the first weight
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wire to power the remote device. As a result, the remote device located in the aircraft is transmitted
power from the power plant located in the fuselage over both low gage wire and relatively lighter high
gage wire thereby reducing an overall weight of the wiring in the aircraft required to power the remote
device. [0008a]According to an aspect, there is provided a system for supplying power to a remote
auxiliary load loceteriioastaircraft, the system comprising: a power plant;ELTarsrone/gasiliary load; and
a low gage wire interconnected with the remote auxiliary load; the system characterized in that: an
actuator interface controller includes a power supply, the power supply being interconnected with both
a high gage wire and the low gage wire, the high gage wire being of higher gage wiring than the low
gage wire, wherein the high gage wire provides a high voltage input to the power supply; the power

supply being configured to %'E%gndgwfr} high voltag\gmr, %%iélt%g Jﬁgﬂh%‘?gﬁi%ﬁ %%Vyg;re to a low
ehig

. CI" Lirl O tibﬁ Gita % .
voltage that is lower fHhai't VO Pageg}cl)n t]héethh gage wire and place the Tow voltage that is

stepped down by the poweg sunnly Snigithe dawBage Wis: e lavaage: wireipiaddesna low voltage
input to the remote auxiliary load, the low gage wire being interconnected with the remote auxiliary
load such that the lowyetags siepped @ewn hyitapawensupphitard iesobiegdyotite remote auxiliary
load from the power supply via the low gage wire powers the remote auxiliary load; and the remote
auxiliary load being lbuated thttasdistenstfifvorthetiepowiesqtanics btheeareratiagfabPiat both a length of
high gage wire and a shorter length of relatively heavier low gage wire are use‘?d Itﬁ)tgggajy power to the

remote auxiliary loadoi5 rédddesal BOBFAMBYAY RESTWRA P IBEAR hdRecaeratP Failired to supply
power to the remote ayxiliar Ioa? by tﬁanSf gtgngl trlreht[léggi 1§ egérgg&%pqggg&géadgt to the power
3 ?éwr B er% hvolfa g\%/e?%u (

. . oltage. L .
supply via the high gage Wire that acts as a Io} gep s, stepping down the high voltage to
the low voltage via the, RoiveEisHRRIV AN iheriransfeminadbssopypliagadamdagpower supply
directly to the remote auxiliary load via the low gage wire that acts as a low voltage power bus.
[0008b]According to anatber aspect, there is provided a method of controlling and supplying power to
a remote device located in.an aircraft, the method comprising: providing a remote device located in the
aircraft; providing a pi§iii plarivlossetembasinferietagehorthcantrime #hd FerhorEeNEfActerized by:
interconnecting a high gage wire with an interface controllg, the,gégh gage wire running from the

power plant located i thERSe sy dPtAE LR A BB M (HARE Shtrofier located at a first position in

the aircraft for a first distance; injerconnecting & compasativa'y loMerJowdagenyiiecith respect to the
high gage wire to the nterrace con r?)J?Ier, the low gage wire running from the interface controller to the

remote device located.gtihe-secend-n0s1i0n 48 the aireral foedaseconsbistameaigheaaigh gage wire
being of less weight per unit distance and thickness than the low gage wire; placing a high voltage
generated from the priveensylant facateshwethfuselsgisrottoftsd dgighl eger Al diting to the
interface controller; stepping down the high voltage on the high gage wire via a voltage converter
associated with the infitfiee CoHEIdPES RS Breages e 19 p et dhEithe High<Mithge and placing
the low voltage onto the low 1?(5%%% wire; and powerin ﬂ:/% g{r mote device froen_gﬁ he low voltage on the

low gage wire, such tA3Y A& PEC Ry SOWRTEY Vid Both Mghgage wire and low gage wire to

reduce an overal weiglth f (06 Wirna o he @RI NITANSTRIo0 the il uekagessam the power

plant to the interface controllervia the high gage wire acting as a high voltage power bus, stepping

down the high voltagenviathgoliagscorvatenassasiaiethita the iatestageidontralier, and then
- transferring the low voltage from the interface controller directly to the remote device via the low gage
wire acting as a low vattagefpovserdndsifR069] Revbigtegpes Witk adwie esrecipparentio those skilled
in the art from the following description of the preferred embodiments which have been shown and

described by way of iHisstratiand HISKURFHBFERR IR 8aSE SIS m BAR P HRAH BEYERS B BIRTA 81 other and
different embodiments, and their details are capable of modificatiqn in various re ssAccordingly,
the drawings and desERISHOR8S &S5 ee% ar e%eePs? it r?%r{?\l;%c%]eﬁé l?r% aﬁ%a %?%?g %r'getst}lgc?{ive.

gage wire nmning to the interface controller, and stepping down the high voltage

via a voltage converter associated with the interface controller to a low voltage

that is lower than the high voltage and placing the low voltage onto the low gage
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BRIEF DESCRIPTION OF THE DRAWINGS 100101Figure 1 illustrates an exemplary schematic of an
aircraft; 100111Figure 2 illustrates an exemplary actuator controller interface; [00121Figure 3

illustrates an exemplary techn!que for integrating control of, and supplying power to, a remote device
locatediintthepwinthofaraiferase: (804 StHigherepifigsipaiesiegtek Enbs aipiufritdrnedite fevahd

100141 FigHe g&'&kﬁ%ﬁﬁtﬁéﬁ«{a %ﬁi@ﬁl%ﬁg@%@?@&tﬁﬁ&ﬂ%ﬁ@@%}%fﬁfd%@léﬂﬁ@llﬁnﬁﬁgr@l@mgagéﬁzﬁlLED
DESCRIPTION [0015]A system and method ma mteg controllln rchL ng power to remote
devicHETERATRARTP & ATV VrER P A PR R AR EgﬁngﬁgF ELR %Wsr otergewce may be located

!n the [adngzlthe fuselageditiettain thepdanding gearpeadelothestosdbonsrpiyiie @ircraft Sirmilaky, the
'nterfaa%%ﬁgx@tf&ﬂ?fo@?eﬁ Hlean aircraft, the system comprising: a power plant; a remote auxiliary load; and a

low gage wire interconnected with the remote auxiliary load; the system characterized in that: an actuator
interface controller includes a power supply, the power supply being interconnected with both a high gage
wire and the low gage wire, the high gage wire being of higher gage wiring than the low gage wire,
wherein the high gage wire provides a high voltage input to the power supply; the power supply being
configured to step down the high voltage received from the high gage wire o a low voltage that is lower
than the high voltage on the high gage wire and place the low voltage that is stepped down by the power
supply onto the low gage wire; the low gage wire provides a low voltage input to the remote auxiliary
load, the low gage wire being interconnected with the remote auxiliary load such that the low voltage
stepped down by the power supply and received by the remote auxiliary load from the power supply via
the low gage wire powers the remote auxiliary load; and the remote auxiliary load being located at a
distance from the power plant of the aircraft such that both a length of high gage wire and a shorter length
of relatively heavier low gage wire are used to supply power to the remote auxiliary load fo reduce an
overall weight of wiring located in the aircraft required to supply power to the remote auxiliary load by
transferring the high voltage from the power plant to the power supply via the high gage wire that acts as
a high voltage power bus, stepping down the high voltage to the low voltage via the power supply, and
then transferring the low voltage from the power supply directly to the remote auxiliary load via the low
gage wire that acts as a low voltage power bus.

[6008b] According to another aspect, there is provided a method of controlling and supplying
power to a remote device located in an aircraft, the method comprising: providing a remote device located
in the aircraft; providing a power plant located in the fuselage of the aircraft; the method characterized by:
interconnecting a high gage wire with an interface controller, the high gage wire running from the power
plant located in the fuselage of the aircraft to the interface controlier located at a first position in the
aircraft for a first distance; interconnecting a comparatively lower low gage wire with respect to the high
gage wire to the interface controller, the low gage wire running from the interface controller to the remote
device located at the second position in the aircraft for a second distance, the high gage wire being of less

weight per unit distance and thickness than the low gage wire; placing a high voltage generated from the



located in the wing, the fuselage, the tail, the landing gear, and other locations of the aircraft, and
preferably in the vicinity of a corresponding remote device. The interface controller may receive a high
voltage from a high voltage power bus and provide a stepped down lower voltage onto a low voltage
powepbusy Wapbloerithdnrtnbieceyiceto Thrchighesrae sviisitpNeg indysmitifisacrital sFoteRyiss that

directgfhe aReralion.ahihe.remots devige- J0R164 Thodrigh veliage-pawesdes may weniftemda power
plant of the aircraft to the inteyface contrgller. The igi]tvoltalgde owertgg%‘@a‘%%ogng{tig?ha fhinner
r

and/oFIRTHLH WeldRPWIRHRG AR the bt Vo FENITEY extend Approximately the same
or gregigr distano withimthéaixonaft dsweoniparationith thétdengthtbé the Ipageveitageupovier Bas. In

turn, the relaively deavigedan valiagePewerhusMayeuierd.ad dlatvely shovkristanesdiomdhe

interface controller to the remote device, and thus reducing weight. [00171The interface controller may

be in HAFALBHAAHFEAOH Wt EaMethe hishalass ioa ARtRe RBrRIBI R AR RIBHE SHIME BB Shreraft.
The imh@rfﬂ@g@@aw@i&ﬁqﬁl@/d@a @@glﬂecgte@ tpom Bmatmbpﬁtgmﬁkwit&éihx‘ghqpﬁegeab&ethawdim use a
signal condiioner Ja Jaatiiale emmunication mih e reste Aave ol e g iage aoiialiarmay

include a foca processor t at érllrect_s the operation of the remote device and provides operational
feedbewkrederiliegtiydpipemissieyigeviedrlemeeeniyst Adivorka TaTe R aueyiREs may include
servo ggpgjollers, aguaiRnsedights bSRRSO oI akaSelr apSRIEEERI KRCRIVEES iR tedkliRiEnantennas,
weapons, temperature monitors, speed detectors, ofher aircraft hardware, other electrical or
mechg?ﬁ?:réli’tbﬂéi\)/?éé ?3?%78? ﬁ%brogll%(ﬁri%w BT OGTR %%Wﬁggt(ﬁ%eesﬁee?é% ,“f%%:lér g%agoéléntroller
may reducil thervdiht Of theswingsiand sigriat imetferefiodieT hedintiéifese mﬁ@nélﬁfmaydaﬂ%@en hance
godUl?ews reliahility. spohsantRlafhe.alialipkintegration af Remets Havice GonppbangRower

uppl : o -
ge regarded as illustrative in nature and not as restrictive.

BRIEF BESCRIPTION OF THE DRAWINGS

[0610] Figure 1 illustrates an exemplary schematic of an aircraft;
j0011] Figure 2 illustrates an exemplary actuator controller interface;
[6012] Figure 3 illustrates an exemplary technique for integrating control of, and supplying

power to, a remote device located in the wing of an aircraf;

10013] Figure 4 illustrates an exemplary unmanned drone; and

[6014j Figure 5 illusirates an exemplary concept of operations for an unmanned drone.
DETAILED DESCRIPTION

[0015] A system and method may integrate controlling and supplying power to remote devices

located in an aircraft via an actuator interface controller. Each remote device may be located in the wing,
the fuselage, the tail, the landing gear, and other locations on the aircraft. Similarly, the interface

controller may be
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10019]A single interface controller may integrate remote device control and power supply locally with
respect to a remote device. The interface controller may be configured to accommodate many types of
remote devices. To support different types of remote devices, the interface controller may be
configured to have software and/or hardware specifically tailored for each remote device or type of
remote device. [§0201WtteTiisterface controller may be configured to operaf& BHSBBitReSbetween the
control network and the remote devices. To operate as a bridge from a control network, such as from a
main controller of the control network, to one or more remote devices, the interface controller may
interface with (1) a main or other power bus, (2) a fiber optic network, and/or (3) one or more remote
devices. The inputs to, and the outputs from, the interface controller may include both power and

control signals. The interf@gﬁat ﬁgg}%}gllﬁg rgg% %%er%%a%s %,qu["‘{-; %&%%%h%gv&g Sianak and place it onto a

low voltage bus. The'P6H° s may htefconnecte supply power to the remote

devices located in thg wingss the;fselage. the daiblanding.aeap.andabesiagatiens e the aircraft. The

interface controller may generate control signals that direct the operation of the remote devices. The

interface controller maytransenitdiatants, raneteaebieyoiadge fhom seaghvasseoiated renmode device that is
controlled by the interface controller. 1l.Aircraft Wire Weight Reduced 10021]Weight reduction may be

achieved through thepuselof sdighieioweighthighegohaige iransetiissisrHn %ot prsvitiehSower to the
interface controller and a local power supply. The high vojta?e may he converted at the

locall
interface controller ta @RI iF6ItAge MEIE GBI TP B WIS H6 I IHE rRtsHadd (%Crgtrr%’ffgr and remote

devices. [0022]The hiﬁ]h voltage ys that{'sdnput to the interface controller may enable
thie operation oI the remote device.

[0016]  The high voltage power bus may run from a power plant of the aircraft
to the interface controller. The high voltage power bus may comprise a thinner
and/or lighter weight wiring than the low voltage power bus, and may extend
approximately the same or greater distance within the aircraft as compared with
the lengsh. of the low voltage power bus. In turn, the relatively heavier low voltage
power bus may extend a relatively short distance from the interface conirolier to
the remote device, and thus reducing weight.

[061 7]  The interface controller may be in data communication with both the
remote device and a control network controiling the aircraft. The interface
controller may be connected to the control network via ﬁbér optic cable, and may
use a signalhconditioner so facilitate communication with the remote device. The
interface controller may include a local processor that directs the operation of the
remote device and provides operational feedback received from the remote device
1o the controi network. The remote devices may in_clude servo controliers,
actuators, lights, sensors, brakes, transmitters, receivers, video recorders, antennas,

weapons, temperature monitors, speed detectors, other aircraft hardware, other

electrical or mechanical devices, and/or other auxiliary loads.



weight savings with respect to the aircraft, including weight savings in the wings, the fuselage, tail, and
other locations. Using a high voltage bus voltage to feed remote interface controllers located in the
aircraft may permit a much smaller-sized and lighter weight conductor to be employed for a required
current. [0023]Further weight reduction may be realized through the use of fiber optic cabling, which
may replace heaX@ergovéational wires, such as copper cables. Fiber opBECHBRER MY De used to
relay control signals to and from a main controller. The interface controller may communicate with a
control network and/or the main network controller via a fiber optic interface interconnected with a local
processor located on the interface controller. [0024]As an example, the weight of a standard fiber optic
cable may be approximately 2.5 grams per meter. A traditional copper wire may weigh approximately

45 grams per meter, Wilh copventional fechnigues. 149, eORRSLCANINCIRISAABA feauired - one
copper wire may be tised to sénd’sighals to a remote load, and a second copper wire may be used to

receive signals from e remote load: As aseaudltrineAgial weishtohatidiienatsignal pair may be

approximately 9 grams per meter, i.e. , 4.5 grams per meter multiplied by two. On the other hand, fiber
optic cabling may berhigitgeiyonabriery, requisitglatiyeasimgle cable. Thus, fiber optics may provide
between approximately 60% and 80% the weight savings as compared with traditional copper wiring
signal pairs. Ill. LongiDistan¢eEtamseiiBsiorioPBiaCrurdsnt S8 aiBAY025]Fiber optic transducers

may allow very long transmission distances and high data ratets og comim L{Qg%%}lit?& ggdbe achieved,
which may be favoralff¥ % larfeaRe Rt SRSIaHE R AGEEE A ey hiave felatively large wings in

which remote devices may, be rsquiied i, be Al glace A iaREARN ter and/or the
fuselage. Fiber optlcg may cﬁﬂé’k y c%ry cont oFS|gna s over those distances that direct the operation
of the remote deViCE%@%@Q&%&%&JQ&%&H&%%ﬂﬁﬁm of remote devices. To support

different types of remote devices, the interface controller may be configured to

have software and/or hardware specifically tailored for each remote device or type

of remote device. '.

[0020]  The interface controiler méy be configured to operate as a bridge

" betwsen the control network and the remote devices. To cperate as 2 bridge from

a control network, such as from 2 main controlier of the control network, 10 one or

more remote devices, the interface controller may interface with (1) a main or

other power bus, (2) a fiber optic network, and/or (3) oné or more remote devices.

The inputs to, and the outputs from, the interface controlier may include both

power and control signals. The interface céntroiier may generate a low voltage

power signal and place it onto a low voltage bus. The low voltage bus may be

interconnected with and supply power to the remote devices located in the wings,

the fuselage, the tail, landing gear, and other locations of the aircraft. The

interface controller may generate control signals that direct the operation of the

remote devices. The interface controller may transmit data to, and receive data

from, each associated remote device that is controlled by the interface controller.



IV. System Reliability [0026]The present embodiments may reduce signal interference and enhance
modularity, component interchangeability and replacement, local calibration, and/or local grounds, all
of which may enhance overall system reliability. A.Electromagnetic Interference Immunity
[0027]Electromagnetic interference may be caused by equipment located on the aircraft, such as
motors, generatowg 2pailsdes, antennas, transmitters, receivers, propelle3CEHEBREHEEEectrical
equipment. Electromagnetic interference may also be radiated from nearby aircraft, or land-based
sources and transmitters. [0028]However, fiber optic cabling may be immune to electromagnetic
interference. A modem fiber optic cable may be constructed to minimize the possibility that external
signals, originating from the aircraft's own equipment or elsewhere, may interfere with the data being

transmitted and received within t ircraft. T signals traveling along fiber optic cables may not be
highly susceptible to ]électré}ﬁﬁgﬁég% el htr}yesu"uce%n _

hetciintérference.
[6021]  Weight reduction may be achieved through the use of a lighter weight
high voltage transmission line to provide power to the interface controller and a
Jocal power supply. The high voltage may be converted locally at the interface
controller to a lower voltage that is usable to power both the interface controller
and remote devices.
[0022]  The high voltage bus that is input to the interface controller may enable
weight savings with respect to the aircraft, including weight savings in the.wings,
the fuselage, tail, and other locations. Using a high voltage bus voltage to feed
remote interface controllers located in the aircraft may permit a much sméller»
sized and lighter weight conductor to be employed for é required current.
[0023]  Further weight reduction may be realized through the use of fiber optic
cabling, which may replace heavier conventional wires, such as copper cables.l
Fiber optic cables may be used to relay control signals to and from a main
controller. The interface controller may communicate with a control network
and/or the main network controller via a fiber optic interface interconnected with a
local processor located on the interface controller.
[6024]  As an example, the weight of a standard fiber optic cable may be
approximately 2.5 grams per meter. A ‘Lfad%tionai copper wire may weigh
approximately 4.5 grams per meter. With conventional techniques, two copper
conductors may be required - one copper wire may be used to send signals to a
remote load, and a second copper wire may be used to receive signals from the

remote load. As a result, the actual weight of a traditional signal pair may be



[0029]The noise immunity provided by fiber optics may be very favorable in critical aircraft systems.
Modem fiber optic transducers may allow data and control signals to be reliably transmitted over very
long distances, and at high data rates of communications. As noted above, this may be advantageous
in larger aircraft that include remote devices physically located at a large distance from the fuselage
and/or main corolbsromdAsdularity [0030]The present embodiments mayP$FoE#EF8AMddular wing
panels, interface controllers, and other components. An outer or other wing panel may be
interchangeable with a replacement wing panel. A wing may comprise a number of wing panels, and
each wing panel may be replaced along with all of the components located within the wing panel. The
replacement wing panel itself may include additional, fewer, or alternative replacement interface

controllers and/or remote deviceg as compared with the original wing pangl.peing reriaced. [00311A
roximate g?é arevnﬁarﬁﬁ I;He er z.f:.,4.|§%r l&:@ ﬂ:ﬁle 5‘%

replacement remote Favicense e réplacement wing panel may alréady be calibrated prior
to interchanging wingppangls,As Aue s thairRRRcaNeAl- WRGHANE eaaYiRdyileduire

interconnecting the power and network connections, which may facilitate a quick and efficient

replacement of the wingipangsl. andiihebassociates panipomentsn Afternataely S theardplacement remote
device may be locally and automatically calibrated once the replacement wing panel is installed by the
replacement interfac8Motitrotibghtumriieg wrrerapans rilstitnsd csapal AES PR 82150321 Additionally,

an interface controller itself may be interchangeable with ' .
_ IIl. Long Distance Transmission of Data and Control Signals

[0025]  Fiber optic transducers may allow very long transmission distances and
high data rates of communication to be achieved, which may be favorable in large
aircraft. For instance, large. aircraft may have relatively large wings in which
remote devices may be required to be physically placed far away from each other
and/or the fuselage. Fiber optics may quickly carry control signals over those
distances that direct the operation of the remote devices, such as in the form of
light signals.
IV,  System Reliability
[0026]  The present embodiments may reduce signal inferferencc and enhance
modularity, component interchangeability and replacement, local calibration,
and/or local grounds, ail of which may enhance overall sysfem reliability.

A. Electromagnetic Interference Immunity
{0027}  Electromagpetic interference may be caused by equipment located on
the aircraft, such as motors, generators, payloads, antennas, transmitters, receivers,
propellers, and other electrical equipment. Electromagnetic interference may also
be radiated from nearby aircraft, or land-based sources and transmitters.
[0028]  However, fiber optic cabling may be immune to electromagnetic

interference. A modern fiber optic cable may be constructed to minimize the

§



other interface controllers. Each interface controller may have a number of electrical pins. The

electrical pins may interconnect the interface controller with the wing and hold the interface controller
physically in place. The electrical pins may facilitate efficient physical interchangeability of each
interface controller. C.Local Calibration [0033)An interface controller may provide localized scaling and '
~ calibration of davdfR9mi'&efSors and other remote devices. Each interfacePédrKraMErIAtas facilitate

digital interconnection with one or more remote devices located in a specific portion of the wing. If an
interface controller is to be replaced, such as with another interface controller that includes additional

or different software and/or hardware, recalibration may only be necessary with respect to the remote
devices interconnected with the interface controller being replaced. [0034]Locally storing calibration

and other data in a memoty located on the interface controller may sharten r issjon times of data
and commands being 05551??%}%5 i PER R ss ot é%i%g?lthg t%nlé requireﬁ?ﬁgceive feedback

signals transmitted fram the remote devicesahthg dnterface.canteallan raayvee shaarened. Therefore, a

recalibration procedure that only’requires local calibration of a remote device (located in a wing tip, tail

section, or other aircraftpartion) thatds direciec edisepiacemint interfeide bightyoller may allow for
swapping out mission specific interface controllers and remote devices. D.Local Power Conversion
[0035]An interface contelidrintayiprovidedmtal ipoertenversion. Stepped

[0029]  The noise immunity provided by ‘ﬁber optics may be very favorable in
critical aircraft systems. Modern fiber optic transducers may allow data and
control signals to be reliably transmitted over very long distances, and at high data
rates of communications. As noted above, this may be advantageous in larger
aircraﬁ that include remote devices physically located at a farge distance from the .
fuselage and/or main controller. |

B. Medularity

[0030]  The present embodiments may provide for modular wing panels,
 interface controllers, and other components. An outer or other wing panel may be
interchangeable with a replacement wing panel. A wing may comprise & number
of wing panels, and each wing panel may be replaced along with all of the
components located within the wing panel. The replacement wing panel itseif
may include additional, fewer, or alternative replacement interface controllers
and/or remote devices as compared with the original wing panel being replaced.
[0031] A replacement remote device located within the replacement wing
panel may already be calibrated prior to interchanging wing panels. Asa result,
the replacement wing panel may only require interconnecting the power and
network connections, which may facilitate a quick and efficient repiacemént of the

wing panel and the associated components. Alternatively, the replacement remote
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down power conversion in the vicinity of one or more remote devices may facilitate modular
~ replacement of the low voltage power supplies located on the interface controllers. [0036]The level of a
~ low voltage provided locally may be more accurate by providing one or more local grounds throughout
the wing, the fuselage, the tail, or other aircraft locations. Long power busswork covering a distance
may result in voWay¥8i61%long that distance. As a result, the voltage aPaRy GRSt may be
uncertain. Having unreliable or insufficient voltage being applied to the remote devices may degrade
operation. With the present embodiments, each interface controller may include a local ground, and
the length that each portion of power busswork runs from ground to ground may be minimized by-
using a plurality of interface controllers, such as in series, or using other multiple local grounds. E.Fault

Detection and Automatic Rebaots 1003 71An,Interfags coniralieomanbaye.embeddad software that

EvICE T . £
allows a local processoréiocé/ted on the interface controller to reboot itself. If there is fault or external

event that causes the interfaceicenijallerdndiaretflinedhainierasentenisekermay reboot itself
automatically. [0038]As an example, the interface controller may include a local processor that

continuously runs "cheskdiealittwaetingmed he local processor may quickly and automatically reboot
itself if it detects an external event, such as a lightning strike, a blown fuse, a power surge, or other
event. The reboot fuiiifGhalityditipedimiantaiaimesarar K HERE AR T BRRB5HE located on the
interface controller, such as a batt%[%. Upon.detecting an extﬁrnal eyent the Igeg%lfprocessor may

generate and transm TG SIS LgRals s e EShtSI e A

T 1N s
fvork or a main controller, Alternatively,

the warning alarm signal may be Riocgssed jocallv, [QQ3AThelarakrigsRseat-taauery for
calibration data or thé calibration -
the wing and hold the interface controller physically in place. The electrical pins
may facilitate efﬁcéent physical interchangeability of each interface controller.
C. Local Calibration |
[6033]  An interface controller may provide localized scaling and calibration of
data from sensors and other remote devices. Each interface controller may
facilitate digital interconnection with one or more remote devices located in a
specific portion of the wing. If an interface comtroller is to be replaced, such as
with another interface controller that inchudes additional or different software
and/or hardware, recalibration may only be necessary with respect to the remote
devices interconnected with the interface controller being replaced.
[0G34] Local.ly storing calibration and other data in a memory located on the
interface controller may shorten transmission times of data and éommands being
sent to the remote devices. Likewise, the time required to receive feedback signals
transmitted from the remote devices at the interface controller may be shortened.

Therefore, a recalibration procedure that only requires local calibration of a remote

device (located in a wing tip, tail section, or other aircraft portion) that is directed
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data may be stored locally. Local processing in the vicinity of the remote devices may provide for

- quicker response time as compared to more distant control. Local processing may provide local
filtering and control of various runtime loops. An exemplary runtime loop may direct the operation of
the remote device and provide feedback, such as servo positioning associated with a remote device.
V.Exemplary AiFeaR[0B4UFigure | is an exemplary schematic of an aircPHt 88 EMSEYing actuator
interface controllers 112. The aircraft 100 may include a fuselage 102, wings 104, a power plant 106,
high voltage power busswork 110, interface controllers 112, low voltage power busswork 114, remote
devices 116, and modular wing components 118. The aircraft 100 may include additional, fewer, or
alternate components. [0041]The high voltage power busswork 110 may run from a power plant 106 of

the aircraft 100 to e%ch igt(?gggr%engl%qég%l_lgrc {}njtr%ny}gaggw Rlant 108 dmay-Riaes #bigh voltage onto

~ the high voltage powéralgtpsswor e power plant 108 of the aircraft may be located in the

fuselage 102, or in the.wings, 104 JNe.deawss @laatsd 08 may be an internal combustion engine, a
propeller driven generator, a battery, solar array, or other type of power plant. In one embodiment, the

relatively high voltage maybe bewaarnepptoxiveately 60 V and approximately 600 V, and preferably
about 350 V. Other high voltages may be used. [00421The high voltage power busswork. 110 may run
from the power plant0i88] andiortkslfosetarelT0RaaMPHHBIRFA B FISBISYE To 2 i hterior of the wings

104 and/or the tail section. In the wings 104 and/qr thfe fusela%ee ZILE:C)Z é%@é&hm\égltage power busswork
110 may be intercorffQEAVFRFCBHE B MIPE TSRS ES Mol e interface controllers 112

ers .

may recuce o sep down. e high voliags op 16 Ligh Bliaus anuepiswats Qo a comparatiely
the ni I

lower voltage (lower felative 1o voltage). The interface controllers 112 may then place the
stepped down lower;ypliage.gnieilew voltage power busswork 114. :

{0636]  The tevel of a low voltage provided locally may be more accurate by
providing one or more local srounds throughout the wing, the fuselage, the tail, or
other aircraft locations. Long power busswork covering a distance fnay result in
voltage droop along that distance. As aresult, the voliage ét any given point may
be uncértain. Having unreliable or insufficient voltage being applied to the remote
devices may degrade operation. With the present embodiments, each interface
controlier may include a local ground, and the Jength tﬁat eac.h portion of power
busswork runs from ground to ground may be minimized by using a plurality of
interface controllers, such as in series, or using other multiple local grounds.
E. Fault Detection and Automatic Reboots
[0037]  An interface controller may have embedded software that allows a local
processor located on the interface controlier to reboot itself. If iﬁere is fauit or
external event that causes the interface controller to drop offline, the interface
- controller may reboot itself automatically.
[6038]  As an example, the interface controller may include a local processor

that continuously runs “check health” routines. The local processor may quickly
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[0043]The low voltage power busswork 114 may extend from an interface controller 112 to one or
more associated remote devices 116. The remote devices 116 may be powered from the low voltage
being supplied by the low voltage power busswork 114. The remote devices 116 may include servos,
sensors, actuators, cameras, transmitters, receivers, imaging devices, video recorders, and other
auxiliary loads, Welg#iitptH8se noted elsewhere herein. The low voltage Ffal/BaBEHTeEn
approximately 5 V and approximately 60 V. and preferably about 28 V. Other low voltages may be
used, including approximately 12 V. [00441The low voltage on the low voltage power busswork 114
may require a relatively heavy cable for transmission. On the other hand, the high voltage busswork
110 carrying a higher voltage may comprise comparatively smaller and lighter wiring. The high voltage

busswork 110 may include aporamalely 24,630 witg [0 RMGKAIEN 30 gAgRaying. The low

voltage busswork 114 may comprise relatively thicker and heavier wiring, such as approximately 12

- gage to approximateggmgedﬁr Dageiring, ;{Q@é&%ﬂi—”g&%%ﬁ%r ahighst.gage\mireyanunmier is smaller in
diameter than a lower gage wire by number. For instance, a 12 gage wire is much larger in diameter
than a 30 gage wire «Solid:wire-eiatiatesckaayinece agplyhafattonaf for steige6 gages, or by a factor
of 3 every 10 gages. A 36 gage wire may have diameter of about 5 mils, a 30 gage wire may have a“
diameter of about 1Genifslier.2achage Wit Bptrarceigian st a5autE0 ST Y 10 gage wire
may have a diameter of about 100 mils. [0046]Alsq, a laié%% in iameter wire pay carry more current.

For instance, a ten JAGESTIFEHE HESEFE Y8 astle 80 s WIS R 16'634

s, while'a é’gage wire may be safe for

only about 7.5 amps, Jaus, 116 G voltage BUSSNGHEHOMA be.sralietdp giameter and operable to
safely carry less current than the %aw vo)ffage usswork 115, whilé carrying a higher voltage than the
low voltage bussworlgdskf.  The local processor may query for calibration data or the calibration

data may be stored locally. Local processing in the vicinity of the remote devices

may provide for quicker response time as compared to more distant control. Local

processing may provide local filtering and control of various runtime loops. An

exemplary runtime Joop may direct the operation of the remote device and provide

feedbacii, suéh as servo positioning associated with a remote device. -

V. Exemplary Aircraft

{0040]  Figure 1 is an exemplary schematic of an aircraft 100 employing

actuator interface controllers 112. The aircraft 100 may include a fuselage 102,

wings 104, a power plant 106, high vbltage power busswork 110, interface

controllers 112, low voltage power busswork 114, remote devices 116, and

modular wing components 118. The aircraft 100 may include additional, fewer, or

alternate components,

[6041] The high voltage péwer busswork 110 may run from a power plant 106

of the aircraft 100 to each interface controller 112. The power plant 106 may

place a high voltage onto the high voltage power busswork 110. The power plant

108 of the aircraft may be located in the fuselage 102, or in the wings 104. The
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[0047]The relatively lighter wiring associated with the high voltage power busswork 110 may be run
approximately the same or a longer distance within the aircraft than the comparatively heavier wiring
associated with the low voltage power busswork 114. For instance, as depicted by Figure 1, the
distance from the power plant 106, especially if the power plant 106 is located in the fuselage of the
aircraft, to a rentbte2iéédFEe® controller 112 located in a large wing or the T&TH&JHE&ignificantly
greater than the distance from the remote interface controller 112 to a remote device 116 located in
the vicinity of the interface controller 112 in the wing. Interface controllers may also be positioned at
other locations, such as in the fuselage or on landing gear. As a result, weights savings in the aircratft,
and especially in the wings, associated with the power busswork required to deliver power to the

remote devices located,n throughout the aifcralt mayihe aghieved, [9048kThg wings 104 may

comprise a number gt modutar wing tomponents 118. A number of modular wing components 118
may be prefabricated,{p-he.injerehandeable-ad ipteicopnetiante yith. dinetcranbidiatewing components
118. Each modular wing component 118 may include one or more interface controllers 112, one or
more remote deviceshkk@atvpgrtioh oitighweltagerpewerbusswsik 41T, aaddrarporiiehof low voltage
power busswork 114, Each modular wing component 118 may provide common (1) network
connections, (2) hight0®¥Yaged peirariiyaavo R t¥nALbedHEh WIH4) THWRFdEshe power busswork

connections. For instance, the network and power busswark may be segmented, b ttsubsequently
interconnected via a Hitber oPRibaUSHGEHh Ogglfrgjﬁg)&r‘]”é)rl‘\:%g ‘é“"‘%ﬁ?ﬁ@%ﬁé&”ﬁﬁ?& ace Controller

[0049]Figure 2 is an exemplan; ARlglel IeHfasRcantal'eL 408 HheAsanLaierage controller 200
may include a local microprocessor 202, a fiber opticC interface controller 204, a power supply 206, a
signal conditioning unig208;-and aivdEeless ranswiten andiaireceiuelt0 0T heeattator interface
controller may include additional, fewer, or alternate components. [0050]The microprocessor 202 may
be in two-way commuiniizatipowwitiuthecfibét bptiy intetfecar2e4d thighsiohe! werditiese 208, and the
wireless transceiver o | :

controllers 112. The interface controllers 112 may reduce or step down the high
voltage on the high voltagé power busswork 110 to a comparatively lower voltage
(lower relative to the high voltage). The interface controllers 112 may then place
the stepped down lower voltage onio low voltage power busswork 114,

[0043]  The low voltage power busswork 114 may extend from an interface
controller 112 to one or more associated remote devices 116. The remote devices
116 may be powered from the low voltage being supplied by the low voltage
power busswork 114. The remote devices 116 may include servos, sensors,
actuators, cameras, fransmitters, receivers, imaging devices, video recorders, and
other auxiliary loads, including those noted elsewhere herein. The low voltage
may be between approximately 5 V and approximately 60 V, and preferably about
28 V. Other low voltages may be used, including épproximately 12V.

[0044]  The low voltage on the low voltage power busswork 114 may require a
relatively heavy cable for transmission. On the other hand, the'high voltage

busswork 110 carrying a higher voltage may comprise comparatively smaller and
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210. In turn, the fiber optic interface 204 may be in two-way communication with an aircraft control
network, such as a flight control or flight control computer 212. The signal conditioner 208 may be in
two-way communication with a remote device, such as a servo controller 214. [0051]The power supply
206 may accept a high voltage from high voltage power busswork 216. The power supply 206 may
reduce the highWeRAYEIFTH first lower voltage 224 and provide the first IRFELFHHEYE W the
microprocessor 202 to power the microprocessor 202. The power supply 206 may also reduce the
high voltage to a second lower voltage and place the second lower voltage onto low voltage power
busswork 218 to power the remote device 214. In one embodiment, the high voltage may be
approximately 350 V, the first lower voltage may be approximately 5 V, and the second lower voltage

may be approximately. 2 X,of AORIOHMAISN2% s QIS ¥OIRURS BELNR s (095 2IThe power

supply 206 may include onverter that reduces the high voltage on the high voltage

power busswork 216,ta4he-fiesbiaweruaiage: peweningrh eTRicsanreees s andasecond DC/DC
converter that reduces the high voltage on the high voltage power busswork 216 to the second lower

voltage powering thectawriseltcigty gpweridstissiteri2d 8idmg the: reryptexdevidy P1gref0053]In an
alternate embodiment, the power supply 206 may be a smart power supply and be integrated with a
microprocessor. The2BAaHsRNETsERBPIY iy receive commands from the control network 212 to turn
remote devices 214 on and off. Alternatively the interface controller %PO .mgiymi]régely%g a battery or

energy harvesting dd'ié8las SEEFEhAMERT GP&° SEEORIAR Sotiree of power. to further enhance
reliability. [0054]The gignal. copglifipnsr, 08 may;praxide. ey signalcandilianing.oh

diameter than a 30 gage wire. Solid wire diameter may increase by a factor of 2
for every 6 gages, or by a factor of 3 every 10 gages. A 36 gage wire may have
diametér of about 5 mils, a 30 gage wire may have a diameter of about 10 mils, a
.24 gage wire may have a diameter of about 20 mils, and a 10 gage wire may have
a diameter of about 100 mils.

[0046]  Also, a larger in diameter wire may carry more current. For instance, a
ten gage wire may be safe for about 30 amps, while a 16 gage wire may be safe for
only about 7.5 amps. Thus, the high voltage busswork 110 may be smalier in
diameter and operable to safely carry less current than the low voltage busswork
114, while carrying a higher voltage than the low voltage busswork 114.

[6047]  The relatively lighter wiring associated with-the_high voltage power
busswork 110 may be run approximately the same or é loniger distance within the
aircraft than the comparatively heavier wiring associated with the low voltage
power busswork 114, For instance, as depicted by Figure 1, the distance from the
power plant 106, especially if the power plant 106 is located in the fuseiage of the
aircraft, 10 a remote interface controller 112 Jocated in a large wing or the tail may

be significantly greater than the distance from the remote interface controlier 112
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signals sent to 212, and received from 222, a remote device 214. The signal conditioner 208 may
provide active flutter suppression, analog to digital conversion, and/or other signal conditioning. The
signal conditioner 208 may accommodate communication with many types of remote devices 214,
~such as the servo controller shown in Figure 2 and other auxiliary loads, including those discussed
herein. 100551 W@ fb36PEc interface 204 may interconnect the local miBFIPFEROBYEHIF02 with fiber
optic cabling of a control network 212 of the aircraft. In an alternative embodiment, advanced fiber
optic cabling itself may act as a remote intelligence gathering device, alleviating the need for certain
‘remote devices located in the wings. In one embodiment, the fiber optic cabling may be manufactured
from PhotoCraft Inc.TM [00561Commands from a controller 212 transmitted over fiber optics and

received by the fiber opti inferface 204 may,dirag! {he ApSIRliARAfIERaI levises:2id, such as

commanding remote Servos to certain positions. Feedback from the remote devices 214 may then be

relayed back to the ceppofier, 212 viatrdbey apicinieriasea4nsn noeiembodinent, signal level 1-0,
or high-low voltage, may command a servo and report feedback on the positioning of the servo. VII.

Exemplary Method 1005%3kiguien3 Hdsisaies. aks exesiplagighie thvdeofrethainei#y @durance and
maneuverability of an aircraft 300. The method 300 may include reducing the wé%%ht of a power bus
302, reducing the weigistiefnirahaiosnesesiBrsihibhRoE RUARITE BRI NE/USTHK 304, integrating

both the control and the power supply of a rem(%% device 306 royidi%%@%‘%%ﬁr@éeﬁf components for
19358, a

ease of replacementRHETIRRFZETESABRED 1 Cs %‘}r%’(tzlﬁél%f}% em-reliability 310. The method

may include addition er.Qr alter [ ! - QR Hee the weight of a
power bus 302 by us n%Ig}N 1RE MG AN, RO HRRE-sHRas 2 A ey

118. A number of modular wing components 118 may be prefabricated to be
interchangeable and interconnectable with other modular wing components 118.
Each modular wing component 118 may inciude one or more interface controllers
112, one or more remote devices 116, a portion of high voltage power busswork
110, and a portion of low voltage power busswork 114. Each modular wing |
component 118 may provide common (1) network connections, {2) high voltage
power busswork connections, and (3) low voltage power busswork coﬁnections.
For instance, the network and power busswofk may be segmented, but
subsequently interconnected via a number of modular wing components 118.

VI.  Exemplary Interface Ccntroiief

[0049]  Figure 2 is an exemplary actuator interface controiler 200. The actuator
interface controller 200 may include 2 local microprocessor 202, a fiber optic
interface controller 204, a power supply 206, a signal conditioning unit 208, and a
wireless transmitter and/or receiver 210. The actuator interface controller may
include additional, fewet, or alternate components.

[6050]  The microprocessor 202 may be in two-way communication with the

fiber optic interface 204, the signai conditioner 208, and the wireless transceiver
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(a) small gage wiring for a power bus, such as a high or a low voltage power bus, (b) fiber optic cable,
and/or (c) wireless communications. In one aspect, an interface controller may interconnect with both
high and low voltage power busswork. A high voltage may be carried via a small, light wire acting as a
high voltage power bus. On the hand, a low voltage may be carried on a comparatively larger, heaving
wire acting as a vowmomhagwgpower bus. Transmitting a portion of the pow@CIEiredigFower remote
devices over the lighter power bus may reduce the weight of the aircraft. In one embodiment, the
length of the lighter high voltage power bus transmitting a high voltage may be substantially greater, or
at least equal to, the length of the heavier, low voltage power bus transmitting the low voltage.
[00593The method 300 may reduce the weight of a reliable means of communication with a control
network 304. The aircraft may include a fiber optic control network that em%%n ise imnmunity. The

or

control network may #ide 1E @i BEEHHOH G par st 1 RaT A SWB R Within the aircraft IEEE
802 or other communication.standards may be gggd%%ﬁrg]{%gg%{tg; ARk el lg-afeasfber optic system,

an c . :
each local controller may operate as a WIT&iess no a mesh or other network. Discrete wireless

communication may fagilifate LRCRIERiesk iRhg Wistaneadataantsamtsohsigaalirmasmission from a
main controller to one or more interface controllers. When transmitting from one interface controller to

the next, signal reliahititicenayibes ekRackedntsaith Hg via a checksum, flag, hand shake, or the like. If
signal reliability is not confirmed, each interface controller pair may search for a reliable discrete and

available frequency. [PeftbliabTacfrasigasipylis2RSuney, theephichial8olarBIBRER 451 B8th attempt to

re-establish reliable communicate on the new freﬁ(ﬂu‘enc ('L]dentifiedd a%jb%;ngvr %atgle.J%QS@l]The method
300 may integrate bARHFHSESHRT Afd e Jite ?8‘6{%’/ JF& FSRiGte Gevrie B06° The remote interface

controller may be posiiancejn1nsMeinity AL lRRIGASYIeRIMAEANIER 2.cantio} ianals andor
' ac [

power to be suppliedﬂyﬁe interface controller may interface with a high voltage power bus and/or a

fiber optic network of fhgeaifcratt-Jhe-iisriace TRNtIR LAY DBEeive adbigiuwektagegiom the high
voltage power bus and control signals from the fiber optic network. Subsequently, the interface
controller may converbthgehighseaitaigevandotogtroksinalba esaivedirto altkenopsttage power signal
and a conditioned control signal, respectively. The low voltage power signal may power, and the
conditioned control sitriaks RYAPHHSEROFE MIGHE BRVRE At ARt ddwithisembodiment,

the high voltage may be approximately 350 V, the first lower voltage may be
approximatelyi 5V, and the se.copd lower voltage may be approximately 12 V or
approximately 28 V. Other voltages may be used.

[6052] | The power supply 206 may include a first DC/DC converter that
reduces the high voltage on the high voltage power busswork 216 1o the first lower
voltage powering the microprocessor 202, and a second DC/DC converter that
reduces the high voltage on the high voltage power busswork 216 to the second
lower voltage powering the low voltage power busswork 218 and the remote
device 214.

[6053] Inan .alternate embodiment, the power supply 206 may be a smart
power supply and be integrated with a microprocessor. The smart power supply
may receive commands from the control network 212 to turn remote devices 214

on and off. Alternatively the interface controller 200 may include a battery or
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interface controller. [0062]The method may include providing modular components 308, as discussed
elsewhere herein. For instance, interchangeable modular wing tips, wing components, and tails may
be provided. Each modular component may have a dedicated interface controller or remote device.
Each interface controller may be interchangeable with another interface controller that is programmed
with the same oW& aMfét&itinission package. [0063]Automatic calibration?6F&'PeitdEHevice may be
directed by a local processor located on the interface controller. The local processor may include
embedded calibration data and routines corresponding to a remote device located in a modular wing
tip, tail, or wing component. For instance, a wing tip or other modular component associated with a
previous mission may be replaced with a replacement wing tip or modular component associated with

& new mission. The replacement wing tip may neluds powsr and eanial aonnselions that interconnect
with an adjoining wing c%ponen . such as interconnections with the high voltage power busswork and

the control network diggusseelaARQYE.J§AP4] The replacement wing tip or other modular component
may include mission specific interface controllers, remote devices, software, local processors, and
other mission specifigpoapjacermesigcarpannts 20&may exainpler sgnititenfdiciersantdoller or local
processor may be programmed to direct a remote device to gather intelligence, such as video or audio
recording, of a specifiztakgenob itterest igshtiddailiar prs 874k aytakBotE065]In one

embodiment, two or more interface controllers r,na% be runin -
: conditioner 208 may provide active Tlutter suppression, analog to digital

conversion, and/or other signal conditioning. The signal conditioner 208 may
accommodate communication with many types of remote devices 214, such as the
servo controller shown in Figure 2 and other auxiliary loads, including those
discussed herein.

[00655]  The fiber optic interface 204 may interconnect the local microprocessor
202 with fiber optic cabling of a control network 212 of the aircrafl. Inan
alternative embodiment, advanced ﬁbér optic cabling itself may act as a remote
intelligence gathering device, alleviating the need for certﬁin remote devices
located in the wings. In one embodiment, the fiber optic cabling may be
manufactured from PhotoCraft Inc. ™

[0056]  Commands from a controller 212 transmitted over fiber optics and
received by the fiber oi)tic interface 204 may direct the operation of remote
devices 214, such as commanding remote servos té certain positions. Feedback
from the remote devices 214 may then be relayed back to the controller 212 via
the fiber optic interface 204. In one embodiment, signal levei 1-0, or _high—low
voltage, may command a servo and report feedback on the positioning of the

Servo.

18



series to provide a number of stepped down voltages. A high voltage may be stepped down from 350
V to an intermediate voltage, such as 28 V, by a first interface controller. The intermediate voltage may
power a first remote device, as well as feed a second interface controller. The second interface
controller may then step down the 28 V received from the first interface controller to a low voltage,
such as either a®@ ¥1opHBNElow voltage that may power a second remoterd@isepdd885The method
may include enhancing reliability 310. The method may include local power conversion, such as power
being stepped down from a relatively high voltage to a comparatively lower voltage in the vicinity of a
remote device; localized calibration if a remote device that may facilitate greater modularity; high ,
voltage to low voltage power busswork and ring; and/or fiber optic interfacing. [0067]Additionally, with
conventional device processors, power surges or other external or internal events may cause faults.
With the present em&ﬂ&imgﬁfgfﬁﬁéyimm e controller may include a local processor with a memory

having embedded sqfyaye. The embadied spftuars mAkackde At recoaniian tqutines. If a faul
interface C ro

associated with the ler is recognized by the local processor, the local processor may

automatically and quickly, rebpatitselfHhe-faults idenrtifiesmsy nelude pewdndbgges, component
failure, blown fuses, local processor shut down, and other events. As a result, downtime may be

automatically minimizesgwitfaygtthe nesdloediceet thawghintervaiatisrmanrt te need for manual
corrective troubling shooting, which may be time consuming and inefficient, may be alleviated. VIII.

Exemplary Applicatiors[oosstitg i 4 insn e e sie mReR ana ¥ 675 6% aft 400 may be

power supply of 2 remote device 306, providing modularity of components for

ease of replacement and localized caliBration 3038, and enhancing system

réliability 310. The method may include additional, fewer, or alternate actions.
[0658] The method 300 may reduce the weight of a power Bus 302 by using

(a) smaii gage wiring for a power bus, such. as a high or a low voltage power bus,
(b) fiber optic cable, and/or (¢} wireless communications. In one aspect, an
interface controller may interconnect with both high and low 1«;}ltﬁg&: power
busswork. A high voltage may be carried via a small, light wire acting as a high
voltage power bus. On the hand, a low voltage may be carried on a comparatively
larger, heaving wire écting as a low voltage power bus. Transmitting a portion of
the power réquired to power remote devices over the lighter power bus may

reduce the weight of the aircraft. In one embodim;ent, thé length of the lighter
high voltage power bus transmitting a high voltage may be substantially greater, or
at least equal to, the length of the heavier, low voltage power bus transmitting the
low voltage.

[0659]  The method 300 may reduce the weight of a reliable means of
coﬁlmunication with a control network 304. The aircraft may include a fiber optic

control network that enjoys noise immunity. The control network may use
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an unmanned drone capable of sustained flight up to 65,000 feet above ground. The drone 400 may
operate above air traffic and weather, have over a week-long flight duration, provide station-keeping _
capabilities, operate in conjunction with backup platforms to ensure continuous and remote intelligence
gathering coverage over areas of interest, and may be interconnected directly into an external
communication3'0eiike’f069] The drone 400 may be a high-altitude, loMgt@feiiPARE unmanned
aircraft. The drone 400 may serve as a platform to relay communications and other payloads. The
drone 400 may facilitate two-way broadband, voice, and/or narrow band communications. The drone
. 400 may capture and facilitate the broadcast of video and/or audio The drone 400 may communicate
with (1) fixed user equipment having antennas as small as approximately two inches, (2) gateway
stations, (3) the internet, (4) satellite dishes, ang (gSl) mobile u %%%Jégemant ulg%@gdaand-held
devices, cell phonesEPBXE ERRIPRY € BEAEGEE FRY ST devices. [0070]Figure b illustrates an
exemplary concept of operaligns (o1 e URANIRAoNe, The unmanned drone may bein
ocated on the ground via a satellite link. The reduction of

communication with a mission control station

weight that may be pggyisied tQihe.uvRannee srenspyihespress siembadimesits may facilitate
extended observation of a remote region of interest. The unmanned drone may have a 7-day or more

endurance and rotatepatiit atheritiinandet sabitlesdbergontiio steatredeverage. The drone may
provide real-time high-resolution video imaging that may be accessible in real-tgijrn_ combat units -

et
on the ground, in thecaimmanigasoa@ey[ GO IESEFBRL PRSI L RS ME ﬁ"ﬁﬂ%de persistent

stare communications or GPS functionality, de ctiton I%nog rlgcr%tiircl)tg erf ee{l;egga gqstig interference,
tactical on-station weEHEFIfG EOM TR SIS IO EBING "Gy hamic tasking by theatre commanders,

communications augmentation shandwidth expansiof. SRS GRUGrAge:iRRIBAS i little to no other

coverage, gathering persistent and actionable intelligence in real-time, jamming, jammer tracking,
missile defense, battlg graund and aif spaceawareness) gisspacehedlisidhsaveldenbditand dedicated

communications support. [0072]While the preferred embodiments of the invention have been

: is not confirmed, each interface controlicr pair may search for a reliable discrete
and available frequency. If areliable frequency is found, the interface coﬁtroliers
méy both étternpt to re-establish reliable communicate on the new frequency
identified as being reliable.
[0061]  The method 300 may integrate both the control and the power supply of
a remote device 306. The remote interface controller may be positioned in the
vicinity of the remote device that requires a control signals and/or power to be
supplied. The interface controller may interface with a high voltage power bus
and/or a fiber optic network of the aircraft. The interface controller may receive a
high voltage from the high voltage power bus and control signals from the fiber
optic network. Subsequently, the interface controller may convert the high voltage
and control signals received into a low voltage power signal and a conditioned
control signal, respectively. The low voltage power signal may power, and the

conditioned control signals may direct, remote devices interconmected with the

interface controller.
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described, it should be understood that the invention is not so limited and modifications may be made
without departing from the invention. The scope of the invention is defined by the appended claims,
and all devices that come within the meaning of the claims, either literally or by equivalence, are
intended to be embraced therein. [0073]It is therefore intended that the foregoing detailed description
be regarded as WastrHide pather than limiting, and that it be understood tE&TERYNETROWINg claims,
including all equivalents, that are intended to define the spirit and scope of this invention. WO
2010/036708PCTATS2009/058035 AMENDED CLAIMS received by the International Bureau on 11

January 2010 WHAT IS CLAIMED IS: 1.A system for supplying power to a remote auxiliary load
located in an aircraft, the system comprising:

[0062]  The method may include providing modular components 308, as
discussed elsewhere herein. For instance, interchangeable modular wing tips,
wing components, and tails may be provided. Each modular component may have
a dedicated interface controller or remote device. Each interface controiler may be
interchangezable with another interface controller that is programmed with the
same or a different mission packagé.

[0063]  Automatic calibration of a remote device may be directed by a local
processor located on the interface confroller. The local processor may include
embedded calibration data and routines corresponding to a remote device located
in a modular wing tip, tail, or wing compqnent. For instance, a wing tip or other
modular component associated with a previous mission may be replaced with a
replacement wing tp or modular.component associated with a new mission. The
replacement wing tip may include power and control connections that interconnect
with an adjoining wing component, such as interconnections with the high voltage
power busswork and the control network discussed above.

[0064]  The replacement wing tip or other modular component may include
mission specific interface controliers, remote devic'es, software, local processors,
and other mission specific replacement components. As an example, an interface
controller or local processor may be programmed to direct a remote device 10
gather intelligence, such as video or audio recording, of a specific target of interest
identified either before or away take off.

[6065]  In one embodiment, two or more intérface controllers may be run in

series to provide a number of stepped down voltages. A high voltage may be
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a power plant (106); a remote auxiliary load (214); and a low gage wire (218) interconnected with the
remote anciliary load (214); the system characterized in that: an actuator interface. controller (200)
includes a power supply (206), the power supply (206) being interconnected with both a high gage
wire (216) and the low gage wire (218), the high gage wire (216) being of higher gage wiring than the
low gage wire (248)z010/035t&rein the high gage wire (216) provides a higheedltsgestrigtisso the power
supply (206); the power supply (206) being configured to step down the high voltage received from
the high gage wire (216) to a low voltage that is lower than the high voltage on the high gage wire
(216) and place the low voltage that is stepped down by the power supply (206) onto the low gage wire
(218); the low gage wire (218) provides a low voltage input to the remote auxiliary load (214), the

low gage wire (218) being interconnected with the remote auxiliary Joa ch that the low voltage
R PEpIRaOL) AH BT e by P et o

stepped down by theSB eceive mote aux oad (214) from the

power supply (206) vig he low,@aae WS %5 BAYEsRINETEpoIRAMlidennadEdMs and 25
AMENDED SHEET (ARTICLE 19) .

well as feed a second interface controiler. The second interface coniroller may
then step down the 28 V received from the first interface controller to a low
voltage, such as either 2 12 V or 5 V low voltage that may power a second remote
device.

 [0066]  The method may include enhancing reliability 310, The method may
‘include local power conversion, such as power being stepped down from a
relatively high voltage to a comparatively lower voltage in the vicinity of a remote
device; localized calibration if a remote device that may facilitate greater
modularity; high voltage to low voltage power busswork and wiring; and/or fiber
optic inteffacing. :
[0067]  Additionally, with conventional device processors, power surges or
other external or internal events may cause fau}ts; With the present embodimen;cs,

_ the interface controller may inc];yzde a local processor with a memory having
embedded software. The embedded sofiware may include fault recognition
routines. If a fault associated with the interface controller is recognized by the
loeal processor, the local processor may automatically and quickly reboot. itself.
Thie faults identified may include power surges, component failure, blown fuses,
local processor shut down, and other events. Asa result, downtime may be
automatically minimized without the neéd for direct human intervention and the
need for manual corrective troubling shooting, whicbrmay be time consuming and

inefficient, may be alleviated.
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WO 2010/036708PCMS2009/058035 the remote auxiliary load (214) being located at a distance
from the power plant (106) of the aircraft (100) such that both a length of high gage wire (216) and a
shorter length of relatively heavier low gage wire (218) are used to supply power to the remote
auxiliary load (214) to reduce an overall weight of wiring located in the aircraft (100) required to supply
power to the rerstasadidlizng/ Load (214) by transferring the high voltage #EHHIEHERRASE plant (106) to
the power supply (206) via the high gage wire (216) that acts as a high voltage power bus, stepping
down the high voltage to the low voltage via the power supply (206), and then transferring the low
voltage from the power supply (206) directly to the remote auxiliary load (214) via the low gage wire
(218) that acts as a low voltage power bus. 2.The system of claim 1, characterized in that the system
further ..somprises: f I%cal roce sog_gztoz Slocated in the actuator interface controller (200), the
local processor (202)V§e|'ng TErCorHeed With a control netwerk (212) via a fiber optic interface (204);

and  asignal congiiiger (208}acatRr.in e A5l ineiace conlile(200hdhsesignal

conditioner (208) being interconnected with the remote auxiliary load (214), wherein the power supply
(206) is configured tassuRpiREWeKtaihelochprocesiinh(2PR) caxdithet abtuatorinderface controller
(200) is configured to control the operation of the remote auxiliary load (214) via the local processor
- (202) directing the sighativonditioney (208 wbewrt tefitecingigisalstd e PerteddkMifary load-(214).
26 AMENDED SHEET (ARTICLE 19) WO 2010/036708PCT/US20091058035.3. The system of claim
2. characterized in tHAEH ETBEAN RS SHIOS IR & EPARHT S RTAIT AL L BBRESIEF B00) is configured

o automatcaly reboptypof g, el sYeM SNSRI SRErRUGR LIRS Jgalrocessor

over areas bf interest, and may be interconnected directly into an external
commurtcations network.

[0069]  The drone 400 may be a high-altitude, long-endurance unmanned
aircraft.. The drone 400 may serve as a platform to relay communications and
other payloads. The drone 400 may facilitate two~way broadband, voice, and/or
narrow band communications. The drone 400 may capture and facilitate the
broadcast of video and/or audio. The drone 400 may communicate with (1) ﬁxcd
user equipment having antennas as small as approximately two inches, (2}
gateway stations, {3) the internet, (4) satellite dishes, and (5) mobile user
equipment, such as hand-held devices, cell phones, PDAs, laptops, GPS devices,
and other devices.

[0670] Figure 5 illustrates an exemplary concept of operations for the
unmanned drone. The unmanned drone may be in comimunication with a mission
control station located on the ground via a satellite link. The reduction of weight
that may be provided to the unmanned drone by the present embodiments may -
facilitate extended observation of a remote region of interest. The unmanned

drone may have a 7-day or more endurance and rotate with other unmanned
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4. The system of claim 2, characterized in that the local processor (202) of the actuator interface
controller (200) includes a memory with embedded software that facilitates remote calibration of the
remote auxiliary load (214), the remote calibration being directed by the local processor (202) in
accordance with the embedded software. The system of claim 2, characterized in that the actuator
interface control¥é® 2B0)BIE%|ectrically interchangeable with other actuatoP§#Efae¥SeEtrollers, and
the local processor (202) of the actuator interface controller (200) includes mission specific software
that facilitates control of the remote auxiliary load (214), such that depending on a particular mission,
one actuator interface controller with a first mission specific software may be physically replaced by a
second actuator interface controller with a second mission specific software. 6.The system of claim 1,

characterized in that the hi age wire (216) is approxjmately 24 or higher e wire, and the low
gage wire (218) is apvﬁnr%%n%gﬂige?f/gﬁuglﬁ é%@%tfggcéﬁeep&) Fr':@e?é,&%/leéﬂ?ﬁgﬁg eHrlgglEa]tl' ﬁ\%%%ICLE 19) WO

2010/036708PCTIUSZ00HOSAISoc N SIEM Ol L charasietzadindhal e ctuator

interface controller (200), remote auxiliary load (214), and low gage wire (218) are positioned in a
modular wing tip (118)econdigyiethtaintaraneect with an adjoining wing component that provides a

connection to the high gage wire (216).
[G071] Mission examples for the drone may include persistent stare
communications or GPS functionality, detection and location of e}ectromégnetic
interference, tactical on-station weather and communication monitoring, dynamic
tasking_by theatre commanders, communications augmentation, bandwidth
expansion, robust coverage to areas with little to no other coverage, gathering
persistent and actionable intelligence in real-time, jamming, jammer tracking,
missile defense, battle ground and air space awareness, airspace collision
avoidance, and dedicated communications support. |
[6072] While the preferred embodiments of the invention have been
described, it shouid be understood that the invention is not so limited and
modifications may be made without departing from the invention. The scope of
the invention is defined by the appended claims, and all devices that come within
the meaning of the claims, either literally or by equivalence, are intended to be
embraced therein.
[6673] 1t is therefore intended that the foregoing detailed description be
regarded as illustrative rather than limiting, and that it be understood that it is the

following claims, including all equivalents, that are intended to define the spirit

and scope of this invention.
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.~ 8. A method of controlling and supplying power to a remote device located in an aircraft, the method

comprising: providing a remote device (116) located in the aircraft (100); providing a power plant (106)
located in the fuselage (102) of the aircraft (100); the method characterized by:  interconnecting a
high gage wire (110) with an interface controller (112), the high gage wire (-11Q§runnip from the .
power plant (108Y30E& 8 1the fuselage (102) of the aircraft (106) to the TitEHaE OSE%f)Iler (112)
located at a first position in the aircraft (10)MENRREBCHAIARCe; interconnecting a comparatively lower
low gage wire (I 14) with resgréeeddyibeHiprpairaiRi(ea0 ol théanwen28d Controller (112), the low
gage wire (114) running from the interface controller (112) to the remote device (116) located at the
second position in the aircraft (100) for a second distance, the 'sigh gage wire (110) being of less
weight per uhitidisitne&-4RdERIékhess than the low gage wire (114);  placing a high voltage

generated rom he poser plant (106)located 1 the uselag, (102 oo i gage yire (110)

sysiéi comprising: '

.a power plant (106);

a remots ‘auxiiiary load (214); and .

a .IDW gage wire (218) interconnected with the remote a.uxiliary load (214);

the system characteriz.éd in that:

an actuator interface controller (200) includes a power supply (206), the power
supply (206) being iﬁterconneoted with both a high gage wire (216) and the low gage
wire (218), the high gage wire (216) being of higher gag'e wiring than the low gage
wire (218),

wherein the high gage wire (216) provides a high voltage input to the i:pwer
supply (206); - | | |

the power supply (206) being conﬁgﬁrad to step down 1he high voltage |
received from the high gage wire (216) 1o a low voltage that is lower than the high
voltage on the high gage wire (216) and place the low voliage that is stci:ped down by
the power supply (206) onto the low gage wire (.218'); |

the low gage wire (218) provides a low voltage input t¢ the remote auxiliary
load (214), the low gage wire (218) being interconnected with the remote auxiliary

- load (214) such that the low voltage stepped down by the power supply (206) and

received by the remote auxiliary load (214) from the power supply (206) via the low

gage wire (218) powers the remote auxiliary load (214); and
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AMENDED SHEET (ARTICLE 19) WO 2010/036708PC1TUS2009/058035 stepping down the
high voltage on the high gage wire (110) via a voltage converter associated with the interface
controller (112) to a low voltage that is lower than the high voltage and placing the low voltage onto the
low gage wire (114); and powering the remote device (116) from the low voltage on the low gage
wire (114), suchtRAIHEF&Hote device (116) is powered via both high gaﬁ‘é‘iﬁ{?é“?i’iﬁfﬁnd low gage
wire (114) to reduce an overall weight of the wiring in the aircraft (100) by transferring the high voltage

from the power plant (19g) fo.lye tesfage santsolst e Jialgaon e ikacting as a

high voltage power bus, stepping down the high voltage via the voltage converter associated with the

interface controllep (4 200gyst the Bilsamsteoineutheays sbltagerom iiph interfate (ohraties (112)
directly to the remote device (116) via the low gage wire (114) acting as a low voltage power bus. 9.

The method of clafm8sckagitiérigetvioly theatigtlois sageavirai2iie igHgagWIR(220¥ s from the
-~ power plant (106) located in the_fuse‘!g%e 102) to the interface controll r 11_2)*Ioca ed %t the first
position is greater HfERE SHEBEY d SHRTSRCTAY GEGEWIPEEEE DAY FHRE 1SR tHE

SHTHe iRterface

contoller (112) 0 . 6l devige (1A RGAIS(.219% sesondaslion. A0 Mpupethod of olaim &

characterized by provi ocal proces 02) on the interface controller (112), the local processor
(202) configured te.gontrahthedemote inderd &6) rntrplay feeshrekdiwwdhappmotedesdce (116)
to a control network (212) of the aircraft (100).

the high gage wire (216) that acts as a high voltage power bus, stepping down the

high voltage to the low voltage via the power supply (206), and then transferring the

low voltage from the power supply (206) diréctly to the remote auxiliary load (214)

via the low gage wire (218) that acts as a low voltage power bus,

2. The system of claim 1, characterized in that the systerm further comprises:

a local processor (202} located m the actuator interface controlier (200), the
loca] processor (202) being interconnected with a control network (212) via a fiber
o;ﬁtic interface (204); and

.a signal conditioner (208) located in the actuator interface controller (200), the
signal conditioner (208) being intérconnected with the remote auxiliary load (214),
wherein the power supply (206) is configured to supply power 1o the local processor
(202), and the actuator interface controller (200} is configured to conirol the operation .
of the remote auxiliary load (214} via the local processor (202} directing the signal .

conditioner (208) to send control signals to the remote auxiliary load (214).
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29 AMENDED SHEET (ARTICLE 19) WO 2010/036708PCT/US2009/058035 11. The method of
claim 8, characterized by rebooting the local processor (202) on the interface controller (112)
automatically if a fault associated with the interface controller (112) is detected. 12. The method of
claim 8, characterized by providing a fiber optic interface (204) for communication between a local
processor (202)%1 %&ﬁ%ﬂ%ﬁace controller (112) with a control network (215}/8P e %t art (100).
13,The method of claim 8, characterized by prowdlng the interface controller (112), remote device

- (116), and low gage wire nam dular wing. 8).configured to nnec with an adjoining
wing comp%nent tgﬁ%éfo% 18})%71 Sh 161 ehl %%aéogaq 0%1?8 %}?}f meﬁt%o %f claim 8,

characterized by lgeally.calipraiin A0 AL E TG HeeR LA SN S iags and data

embedded on the interface controller
disrupting normal operamon of the local processor (202).

4, The system of claim 2, characterized in that the local processor (202) of the actuator
interface controller (200) includes a memory with embedded software that facilitates
remote calibration of the remote auxiliary load (214), the remore calibration being

_ directed by the local processor (202) in accordance with the entbedded software.

5. The system of claim 2, characterized in that the actuator interface controller (200) is
electrically interchangéabie with other actuator inte'rféce controllers, and the local -
processor (202) of the actuator interface controller (200) inchudes mission specific
software that facilitates control of the remote auxiliary load (214), such that
depending on a particular mission, one actuator interface coquller with a first
mission specific software may be pﬁysically replaced by a second actuator interface

controller with a second mission specific software.

6. The system of claim 1, characterized in that the high gage wire (216) is approximately
24 or higher gage wire, and the low gage wire (218) is approximaiely 22 or lower

gage wire.
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30 AMENDED SHEET (ARTICLE 19) WO 2010/036708PCT/US2009/058035 15. The method of
claim 8, characterized by the interface controller (112) being interchangeable with other interface
controllers, the method further comprising:  loading a mission specific interface controller with a
mission specific package of software associated with directing the remote device (116) io perfoim a
mission specific¥Peraitia’®nd  replacing the interface controller (112) MAEUREMEEERSN specific
interface controller, wherein the mission specific interface controller is configured to locally calibrate

the remote dieViceI%el%ﬁ?elﬁ?hl r%l%lf Egarpa%jg gzggi]%e I%é%e igcglaa iobrrz&,}%gﬂ‘gg g&ﬁrxﬂg@ in_ission

ip S .
specific interface controller w he'need to re-ca one or more other remote déevices located

in the wing (104) of the.ajrgkafl-{100) that argaini&r, %mgﬁr@ yeth.atheeinirdace soptallers that have
not been replaced. 31 AMEIl\II%réD SI—fEE)I' (ARTIC%_ 19) Brefacies
wing tip (118) configured to interconnect with an adjeining wing component that

provides a connection to the high gage wire (216).

8. A method of controlling and supplying power to a remote device located in an
airoraft, the method comprising:
providing a remote device (116) located in the aircrafi (100);
providing a power plant (106) located in the fuselage (102) of the aircraft
ooy, | |
- the method characterized by:
interconnecting a high gage wire (1 10)‘ with an interface controlier (112), the
high gage wire (110) running from the power plant (106) locstzd in the fuselage (102)
of the aircraft (106) to the interface controller (112) locaied ar a first position in the
aircraft (100) for a first distance;
interconnecting a comparatively lower low gage wire {114) with respect to the
high gage wire (110) to the interface controller (112}, the low gage wire (1 14).

* running from the interface controller (112) to the remote device (116) located at the
second position in the aircraft'(IOO) for 2 second distance, the nigh gage wire (110)
being of less weight per unit distance and thickness than the low gage wire (114);

placing a high voltage generated from the power plant (106) locatea in the

fuselage (102) onto the high gage wire (110) rumning to the interface controlier (112);
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16.

WO 2010/636708 PCT/USIOG9/358035

stepping down the high voltage on the high gage wire {110) via a voltage

converter associated with the interface controller (112) to a low voltage that is lower

- than the high voliage and placing the low voliage onto the low page wire (114); and

powering the remote device {(116) from the low voltage on the low gage wire
(114), such that the remote device (116) is powered via both high gage wire (110) and
low gage wire (114) to reduce an overall weight of the wiring in the aircraft (100) by
transferring the high voltage from the power plant (106) to the interface controller
(112) via the high gage wire (110) acting as a high voltage power bus, stepping down
the high voliage via the voltage cénverter associated with the interface controller

{112), and then transferring the low voltage from the interface controller (112)

directly to the remote device (116) via the low gage wire (114) acting as a low voltage

power bus,

The method of claim 8, characterized by the first distance that the high gage wire
(110) runs ﬁ'arﬁ the power plant (106) located in tfle fuselage (102) to the interface
controller (112) located at the first position is greater than the second distance that the
low gage wire (114) runs from the interface controller (112) to the remote device

(116) located at the second position,

The method of claim 8, characterized by providing a local processor (202) on the
interface controlier (1 12), the local processor (202) configured o control the remote
device (116) and relay feedback from the remote device (116) to a control network

(212) of the aircraft (100).
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11,

12.

13,

14,

WO 2010/036708 ) : : PCT/US20609/058035

The method of claim 8, characterized by rebooting the local processor (202) on the
interface controller (112) automatically if a fault associated with the interface

controller (112) is detecied.

The method of claim 8, characterized by providing a fiber optic mmterface {204) for
communication between a local processor (202) on the interfacs controller (112) with

a control network (212) of the aircraft (100).

The method of claim 8, characterized by providing the interface controller (112),
remote device (116), and low gage wire (114) in a modular wing tip (118) conﬁ'gured
to interconnect with an adjoining wing component that provides a connection to the

high gage wire (110).

The method of claim 8, characterized by locally calibrating an individual remote
device (116} via calibration routines and data embedded on the terface controlier

(112).
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The method of claim 8, characterized by the interface controller (112) being

‘interchangeable with other interface controllers, thelmethod' fusther comprising:

loading a mission specific interface controller with a mission specific package

- of software associated with directing the remote device (116} 10 perform a mission

. specific operation; and

repiacing the interface controlier (112) with the mission specific interface
controlier, Wherein the xﬁission specific interface controller is configured to locally
calibrate the remote device (116) such that the remote device (116) is calibrated for
use with the mission specific interface controller without the need to re-calibrate one
or more other remote devices located in the wing (104) of the ciircraﬁ (100) thatare

interconnected with other interface confrollers that have not been replaced.
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