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SYSTEM AND METHOD FOR COMBINING ELECTRICAL SIGNALS
FIELD OF INVENTION 5 Embodiments of the present invention relate to
combining signals in electrical systems. BACKGROUND 10 Any
electrical system requiring a plurality of MUX couplers, external
connectors, transcelver plns central prolcessmg unit (CPU) cards and

up substantlal space. 15 Flgure 1 illustrates one embodlment of a prior art

electrical system 100 that includes a main CPU card 110, which is
FIdda @6 NI Ksing 102. The main CPU card 110 has an A bus 111

with two terminals 111a and 11 Ib that transmit and receive signals via

~ signal lines.112 respectivel inal 111a/signal line. 112a
carn%s rgoﬁllnve?%e %(E}Ptagngr %lséaﬁ]al)s(nw {n rm}%}al ‘1%8}“ %naﬂqmse' in
elextricatsystietmerted voltage signals. Each of the signal lines 112a, 112b
terminate at a connector 116. Connector 116 may be, for example, a
coaxial connector. The connector 116 feeds the signal from the A bus
al line 120 to another connector 124 that forms part of a

mux coupler 132. The mux coupler 132 may further be connected to an

exterial s 1§23 \Wgaeionaling T§';39 Ml &SMWQOQHUS@E (external

external bus 182a may form art of‘an alrcraft avionics system. T

COBW&W%@EJW%@%@@W@H’%@%@&H 40t Mﬂhﬁﬁr@&smﬁd@% all

int&esddscRidnabebRY) erig B4 bf T 8deuabld Inasy meludedwp teumitatsial
11 3a and 113b that transmit and receive signals via signal lines 114a,
SPT%%b respectively. 30 Terminal 113a/signal line 114a carries non-inverted
voltage signals, while terminal 113b/signal line 114b carries inverted

VO”Q‘Q@?@??&QJS@@@% Q{n@%??&ﬁ“@bﬂsofﬁ%%10@%&%‘85&15@@)@% 10%) that
nector Onneco a e, Tor exam, coaxla (0] Cclo

e g i Prom el AL i o S i e g A O
CP1P2amm drbthas eormbctot 1R&ithawfotensparlt of aa a@wrtrb‘rimhaw(amupiand
eckith, THR 30 T GRAPIGEd 3430y FUEneL g coppecterin am o e

b via a signal Tine 1 138. In some embodiments, external bus 1
”%"f‘aﬁ&‘ﬁ? d&?f‘é‘?‘é?ﬁ‘%?‘rc\‘aﬁa&? ofiR@Igy HEHE e H?@ﬂ%}@'n{%& 12b
camey ialzotichutiage agkalp. CPAdtcardHkbBigndiithds 112a, 112b terminate at a

connector 116. Connector 116 may be, for example, a coaxial connector. The
connector 116 feeds the signal from the A bus 111 via a signal line 120 to another
connector 124 that forms part of a mux coupler 132. The mux coupler 132 may
further be connected to an external bus 182a via a signal line 136. In some

embodiments, external bus 182a may form part of an aircraft avionics system.

This embodiment of the prior art electrical system 100 may further include a B
Bus 113 of main CPU card 110. The B bus 113 may include two terminals 113a and
113b that transmit and receive signals via signal lines 114a, 114b respectively.
Terminal 113a/signal line 114a carries non-inverted voltage signals, while terminal
113b/signal line 114b carries inverted voltage signals. Each of the signal lines 114a,
114b terminate at a connector 118. Connector 118 may be, for example, a coaxial
connector. The connector 118 feeds the signal from the B bus 113 via a signal line
122 to another connector 126 that forms part of an additional mux coupler 134. The

mux coupler 134 may further be connected to an external bus 182b via a signal line
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5 located within the housing 102. The backup CPU card 150 has an A bus
151 with two terminals 151a and 151b that transmit and receive signals
via signal lines 152a, 152b respectively. Terminal 151a/signal line 152a
carries non-inverted voltage signals, while terminal 151 b/signal line 152b
13&alresinverdmbudiage, Sxraisl BacH &fbthe signal fiakofl&2ajrts@bavionics
Systtgpminate at a connector 156. Connector 156 may be, for 10 example, a
coaxial connector. The connector 156 feeds the signal from the A bus
151 via a signal line 160 to another connector 164 that forms part of a
mU)ﬂﬁQllJég@ﬁril;Z&y'Et@ml@@ eoaiplesclindinsry-lbebearderoraestesdiamtieh is
external | 182a via ignal ling 176. 15 This ' t pfit ior,
oo R Sy et Ao s ol S5 Bk B8 0 T g
twagpthirald 1508 Fhe B badhes 8 anapinendde spvasianaalsiasgashHaessEra,

152;?%&5%@??%%%7@ T@Frlﬁi_HQI i@@b@ag@sim@l lisms %%A@ﬁlﬁemmml tiw;]ty?ge
~lermina signal line a carries non-inver VO e signails, e

SO MBI I EnLE TS A ReE TR VEe e o Raler, Bt
the20gsignaldine52854 521 Tetinteatainhrecanasomtato Co68e Gonhettoey 68, for
exéﬂ%\{ep%’ fa6 exampiecR coadal COMReRiPHsENR SANRRC, ri'aﬁ&rg?ﬁ%eﬂ?g bus

signal from the B bus 153 via a signal line 162 to another connector 166
15142 BroiesBatter'aR SRIARRSAST GATHECIRIpIEr 173 FPRBSHE QB FguPler
17 Mmaphiifher keisennggtedyditeeeroaiinied 82theiaxacsignabbneB2Zia a
sig%sl I“r}]éhﬁgmbodiment of the prior art system 100, in order for the two

Channels (one channel from A bus 111 from the main system 110, and
one channel from the A bus 151 from the backup system 150) to be

iogﬁ@fégg%ﬁg%lﬁ]f%ﬁhé%lﬂ&zﬁﬁg%@iﬁc@f dranseelvemsigitalier include a B
S ual re t ac annel) using 30 two .
Bu@epsg':ﬁ](etgﬁm S g?i%ﬂ%@r?&ﬁ%ﬁ% Eeggoﬂt@'d')gﬁ?g tvéohgﬁngiirqals

1530 2anT hesebsitpadls sosnmituaichtee ogitreotigraxteimasispsteingshiddgh tHetb
res%é@m%}.m%rﬁ;w'%%éé%ﬁmé%ﬂ WhiIGHSaIRM IROLIES FoR8BaI8ighals,
connector 124, 164. Similar limitations are found with the backup si nags
Wi TEAER RN TS LER 1790 FHBCSHTFFORE SRIBSRITIRRTS! B FhiGY e
sigadl systern5480,1a4inglentietalat eoomectotorl 888mayriredsed 36 traayshnt for

» exa%%ﬁf%?&t@@ai&éﬁ%ﬂﬂ@é?o@'?h‘@%&#é‘&% %Slféle%% Wﬂgsénal from the B bus

153 via a signal line 162 to another connector 166 that forms part of an additional
mux coupler 174. The mux coupler 174 may further be connected to the external bus

182b via a signal line 178.

In this embodiment of the prior art system 100, in order for the two channels
(one channel from A bus 111 from the main system 110, and one channel from the A
bus 151 from the backup system 150) to be connected to the same bus 182a 4 sets
of transceiver signals 112a/112b/152a/152b (dual redundant for each channel) using
two separate connectors 116, 156 are required to be routed out of the housing 102.
These signals communicate with other external systems through the external mux
couplers 132/172, each of which also requires a separate connector 124, 164.
Similar limitations are found with the backup signals from each of the B busses 113,
153.

In one embodiment of the prior art system 100, a single circular connector

180 may be used to transmit each of the four signals from the A buses 111, 151 and
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B busses 113, 153. This circular connector would include a signal pin for
each of the non-inverted and inverted signal lines 112a, 112b, 114a,
114b, 152a, 152b. 154a and 154b from each of the CPU cards 110, 150.
When several more channels are involved, each having separate

B mesdavidiedSandlinyeited signahbnes, varditionalids ecsigrentois fdraambedidne

noRIPS SIS U ROLIRIEI S gt fuived fon asdliyqngl signalss Al 1052‘!3‘,3?@4da and

connectors, transceiver pins, and couples take up additional space an

15%&"%@?&%"@1@%@@% a330s Al @x ﬁ@pleVHf‘ﬁﬂ é%’&rﬁédp%téh@’fﬁﬁis are
inveredinebute i vanpl abisy-08 Mehinléreuplersinexteinaligaangeiersadditional
tran%ceiver rpsins CPU cards and busi-es‘r interconneggd together, can

0

(S
CORBHRG i S5 VoS SySIma RAPIGIRW the TSP 1559 dlat ag‘jé: Al
of thiseeMRNSIFIPIE5 53 stesivR RS iR dieeies deloniss B ianaheraceienthedd

welgtegsation riailiag systems. The standard is used extensively in
upgrade programs as well as for new applications and integration

platforms in military 15 avionics systems. With a growing number of
aircraft systepis ofvaivelddticagrgslenprivgtamanessiutdany busesadirg of MUX
colpfitteddnbe songestedintemnally lp an.airgalt opeRMMURICAtions puses

~ between systems. This results in larger boxes to accommodate manP{
InteraePRSFRY (OARRbrSaR R ERWET BifOMRuR (eliskRY ifineabrisfollow the
MIIMSTERYEE3USgrREed PTG MIIFERDTIAE Inttadusel newnsystefagoeadbradsobus

staﬁé‘é'rﬁ%ar mé'%%ggaﬁo‘?\agé‘%t}‘n?% 9fLkato ﬁ%'rs‘%a'ﬁq%rr‘&'%sbié%&%ﬁ@%&%y in
owever, there dre constraints to the weight and space available in any
Upgradroaraptres s wwel @olennewsaenlica bierftithintesrapemerndoamnd thalitary
aviEpRResiMereonNnections. Additionally, systems that include 25 many

external mux couplers, cables and transceiver pins make system

engineering and design very complex. A need therefore exists to provide

a sy¥témagobwiethodhthat atidiresstatyistasts ame yEthin alpguadprplsigrasin3es,

many MMARY. (206iR3PECHO LU RIRIERIMAN TP UREARSE REHRTREtions

combining a plurality of electrical signals, the system comprising: a first
be SRR PP RS sing e SERCP U RRatk Gt 3580 AiRe TR Cppmal
conaaable ofrtrassshiting@sd neceiviswyplef stasignabblran Mdeasver segqurdde

pro%%%rkﬁ’&?‘i%gy%‘ﬁ%dﬁk% Wn%%'&%té%ss%%%ﬂdaﬁg lr{a\%ng a main and a backup
function, into a single enclosure or chassis. However, there are constraints to the
weight and space available in any particular aircraft to accommodate the additional
components and their respective connections. Additionally, systems that include
many external mux couplers, cables and transceiver pins make system engineering

and design very complex.

A need therefore exists to provide a system and method that address at least

one of the above problems.
SUMMARY

One aspect of the present invention provides a system for combining a
plurality of electrical signals, the system comprising: a first central processing unit
(CPU) located within a housing, the first CPU capable of transmitting and receiving a

first signal on an A bus; a second CPU located within the housing, the second CPU
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capable of transmitting and receiving a second signal on an A bus;
wherein each of said first and second signals are combined on a single
connector. In some embodiments, the system may further include a first
resistor network 5 electrically connected between each of said A busses
caaiiesaidrgosméiitar asdchdbisingaiddicshdesiptal oetavork assistisarein each of
safifeeaindan qyelinad atons olisaidoh bursas hengsional is
transmltted om the other o sald A busses and output through said
connector. 10 In some embodlments of the system each bus may further
commmwmd@aﬂéwiﬂ@mémrwl/amdwaamhnmt@dwsjgn@aldiaensmdrk
aief"fSt resistor net k ma% P;:]r!rssea rg%stor on egch W|re in_said wir

rtcaa( conn & etw es and onnpector, such that
pairs nd sal lnvefte € may use aTrst pln 0 sal connector,

saIWﬁn@t mmm@me@s@ﬁanlmsem@wm Qvesiseshnef pincodiseai A busses
whERRNSEIH iEach Shifgresiaters dnmaaisk Hisl 1R YsteroeivoskiinaYEaUSIeRaId

down a voltage at a receiving terminal associated with one of said signals
coneilid A bus to a maximum allowed by a standard for a receiving
channel when said other signal channel on said A bus is transmitting. In

othe,ehRJIIREREHRAED SRt MAXSetCOMPHSS & RIS GRS ire

a 20 wire pair having an inverted and non-inverted signal line. The

PaigWRY ARy TREHRS %&ﬁ%’@‘?@%@oﬁwPé&%%orsﬁ&\ﬁ@tk"%%%ﬂidé?ﬁ‘ﬂork may
corﬂﬁﬂ@@d@ést@t@aui\ Bdusvafecinckanf viaath&iRUs andibarirgedreigissofinsn may

use aactflf\,\{lr in g ?}%IW”’C%I’R'\%I’%O dhﬁglgé%v?lrtﬁqm? glg %ép‘m{e%s%g I@ée a

Ino econd connector Whlesal non- |nverte sign [ line may use a

se@é@bm pirtaisepansstendeashrd i resistersomeakhibeldipaisiis twerk may

steBYSENR. ae@sha@tesaﬂ%ﬂ@i@nﬁlgsg%n@b@éd&m@a harcapabie afid S|gnals on
Eerf%1 ming identical function 5 Each of énverted and non- mvi1 i
sal II’I r] sal

Vil <L BRY SR BINEE RVaATE a& &' Ry (e &ED Jle
othpirsgfral shagleehmuitsgpth/cbnaéctengoittméurther embodiments, each of
said CPUs may transmit and receive said signals according to a
MIL-STD-1553 data standard. An alternate aspect of the present invention

prox)u‘alééhérrﬁgtH?ﬁ!rﬂﬁ“&%rﬁBﬁ‘?ur?gp BRpitrhfty IEEER A SigharsRgng @
wirsysaemmathegnzethoc cetpnisingritessteqs sidngrivvedintha Bgstaentral further

coEEE°E RN (G0 ARIRANMIDI B0 EIGL R HELEE 8 SAPBPIEE, of

transmitting and receiving a first signal o bus; providing a second
said CPUs and having a resistor on each wire m saxd wire pairs, and said inverted

signal line may use a first pin of a second connector, while said non-inverted signal

line may use a second pin of said second connector.

In some embodiments of the system, each of said first and second CPUs may
be capable of performing identical functions. Each of said inverted and non-inverted
signal lines from each of said A and B busses may terminate on a single pin of a

single multi-pin connector.

In further embodiments, each of said CPUs may transmit and receive said
signals according to a MIL-STD-1553 data standard.

An alternate aspect of the present invention provides a method for combining
a plurality of electrical signals in a system, the method comprising the steps of:
providing a first central processing unit (CPU) located within a housing, the first CPU

capable of transmitting and receiving a first signal on an A bus; providing a second
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4 CPU located within the housing, the second CPU capable of transmitting
and receiving a second signal on an A bus; and providing a single
connector that transmits and receives both said first signal and said
second signal when combined on said connector. 5 In some
CPémibodimknishithehaetioodingayttfiertberdndltleLprosidivlg afirseénesisioy and
recARINETK eleciigalranaactad Repyeen each Of siald & BISRESBAGLIRI that

connector, such that said first resistor network assists in preventing an
trap/e D 20D FeERNES Refit 7RIBUESES WAL AP SHgIRaPREREhSIsNREW RthPaRePined

on etheeohsaitbA busses 10 and output through said connector. In some
embodiments of the method, each bus may further comprise a wire pair
having an inverted and non-inverted signal line, said first resistor network
may!ncéRipeisensbrsiiientsnteachsiiedimsyidiwiRe paeiuged aiidinge e tirst

restigdiahlinfomay daridayadiish Rinof saidepnagetobrvdaile Aailsansinveartesld
signal line may use a second. pin of said connector. The method ma¥
CONRHEH COITbILE (RIS SPUSIRLARIN oS 5 BAKR AILISt AT At
oneesistad netusdeswatethat eackl of saitbneistdrestéps ottmrniaseditdgbustes
an@&%&@ﬂ%ﬂ?ﬂ@@@lﬁﬁ%‘é@wd with one of said data channels to a

maximum allowed by a standard for a receiving channel when said other
data 20 channel is transmitting. In alternate embodiments, each CPU
maylfustres epmptisecatB dusccortptsingenite paiy Hairg esnipvestedwire
. non-inver i | line:. .resi I ical
ma e R R A e R S IRVl e
corapEpevAree s @WRRCh AR IR $aitheire pRitdanesald thuerietheianahdpe may
usdwrtfier SRABPEisE etepkiaalnenBnedingeaidnve drRd signakine rbansbcehd

.~ said B busses to arfirst % ofase#:o d connector, and electricall ‘

Pin G SRR BRI O e TR TR SFERHRC R R B SEa g & value
for sEcbn@prtcofissdicdcsingsstemestooriBeuphftinticrasinbd diaiterasisthes steps
doeihagk ey furtReLCAREISS Blrsidsaiiy- SonRestingrearh s aidkinvared s

and non-inverted signal lines from each of said A and B busses to a
MaGRYIE S shigR ATBRAAT &ohnAeETSR PRI WG hia s SBRy data
chaenira paosessing units may be capable of performing identical functions.

In

In alternate embodiments, each CPU may further comprise a B bus
comprising a wire pair having an inverted and non-inverted signal line; and a second
resistor network electrically connected to said B bus of each of said CPUs and
having a resistor on each wire in said wire pairs. In further embodiments, the method
may further comprise electrically connecting said inverted signal line of each of said
B busses to a first pin of a second connector, and electrically connecting said non-
inverted signal line of each of said B busses to a second pin of said second

connector.

In further embodiments, the method may further comprise electrically
connecting each of said inverted and non-inverted signal lines from each of said A
and B busses to a single pin of a single multi-pin connector. Each of said first and
second central processing units may be capable of performing identical functions. In
some embodiments, each of said data channels may conform to a MIL-STD-1553

data standard.
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35 some embodiments, each of said data channels may conform to a
MIL-STD-1553 data standard. 5 BRIEF DESCRIPTION OF THE
DRAWINGS Example embodiments of the invention will be better
understood and readily apparent to one of ordinary skill in the art from the
BRIkl DiR§ QRIS QN IOAPTIdR, DRASNIEEST example only, and in conjunction
with the drawings, in fhich: Figure 1 illustrates one embodiment of a prior
art system of combining electrical signals from two channels; 10 Figure 2

illusfaREh erBRSHBRAEMIONS HSBIRTVESRRRTR eRosrRdshgRasadily
apfepentwe saanelsiaaspetingriaHe e presenthavensionyandteigdes diption, by

lllustrates a flow chart showing.one %odimen fam %gdfor
" ARG e Slor o e 8 16 DETA E D DELCRIPTION

Figure 2 illustrates one embodiment of a system, designated generally as

20 refgreace NKRRIRI2Ghe IR £RBARKEHABECLI pRbSIgRALY Sbm MAIREHIBHINg
CPU card 210 and a baCkrl#j second) CPU card 250 inside a housing

elespisalHERAITAf AL LRy AR 3(y be output on a single external connector,

such as a circular or other connector with coaxial or pin contacts. It is

undesstoadhat SrERQAERENIS BH G MESEY NNRBHOR MM Bhing electrical

~ implemented by having a larger or smaller number of components 25 that
S'gﬁf’%fﬁ@ﬁb‘i\é@t%ﬁﬂﬂ}%ﬁﬁ%‘?ﬁ@mﬁoaltﬁgrﬂ'ﬁ%e%ﬁw&m%‘bﬁgqme embodiment

of the system 200 is provided by way of example only. It is understood

that,dn this,e jment.of th erm%.?, I . rd 21

the sf:l(i%%%dsclgﬁ%%{re Z%gjg\l&n%%g%apa é%t’g%egr orﬁ]@emﬁtéa&&ﬂgd for
impigResioig Madivieigal ofPigesrds may also be added as desired. 30 In this

embodiment, the main CPU card 210 includes an A bus 212 that

transmits and receives signals via two terminals 212a and 212b. In this

embodiment, terminal 212a carries non-inverted voltage signals while
DEEBANHIER DESCRIFEKOMverted voltage signals. Terminal 212a may be

connected to a resistor R1 260 via 35 a cable 213a. Terminal 212b may

be connected to a resistor R2 261 via a cable 213b. It is understood that,

in (R OCHHEFREF (RESSSRERTAORN U fotHeab desianaied generally as

reference numeral 200, to connect transceiver signals of a main (first) CPU card 210
and a backup (second) CPU card 250 inside a housing 202, such that the signals
may be output on a single external connector, such as a circular or other connector
with coaxial or pin contacts. It is understood that embodiments of the present
invention may be implemented by having a larger or smaller number of components
that may be electrically connected in alternate configurations. The embodiment of
the system 200 is provided by way of example only. It is understood that, in this
embodiment of the system 200, the first CPU card 210 and the second CPU card 250
may be capable of performing identical functions. Additional CPU cards may also be

added as desired.

In this embodiment, the main CPU card 210 includes an A bus 212 that
transmits and receives signals via two terminals 212a and 212b. In this embodiment,
terminal 212a carries non-inverted voltage signals while terminal 212b carries
inverted voltage signals. Terminal 212a may be connected to a resistor R1 260 via
a cable 213a. Terminal 212b may be connected to a resistor R2 261 via a cable

213b. It is understood that, in this embodiment of the system 200, the term “cable”



10

15

20

25

30

35

6 may refer to any form of electrical connection, for example, but not

limited to, signal lines, cables, wires, traces on Printed Circuit Boards,

etc. The backup CPU card 250 includes an A bus 252 that transmits and

receives 5 signals via two terminals 252a and 252b. In this embodiment,
materafénab2bRef canridslacindaverted siatager sgaalseyibile tetrmimiéE2Isignal

iind g vGHed yolags sianals chemisgheR2amay be connected to a

resistor R1 264 via a cable 253a. Terminal 252b may be connected to a
resistor R2 265 via a cable 253b. The resistors 260, 261 located on the A

bus signphbkgs CRBacantabIncaldee i A CRILs2 A randtd @ribeeceives
sigz[*%?s!s&?ri% 2o r%6|!15 'Q%g é”é‘dtﬁgz’é.b.Fns ﬁ%gne%lﬂ “8&%\%&9 at‘ r2 ﬁgl ag@aec rries

secon \&Pﬁ card 250 may form a smg}e resistor network. The signalline
no2EBgtedy edagssEiteld ik sgnarinkd22 JwkHies ModstedooISias|signals.
Teﬁfls%%@lﬁﬁ%ﬁiﬂ%?%%ibf}&%%&%@@@@t& toe t%&nagblia%ﬂskz@ga NPgéninal

. The signal lines a.an may the nnected to

25 S GRT Pt o SRBIA o rHbCa S50 2orke AT R HES250
26 toortaletd2di6 theag Ibesasigraatiahesohtdetahdl ﬂﬁ@mafé_@rﬁb@dﬁﬁémar@aéﬁ, afnd
thethERianal e 3438 4130 MME0E KANOERIFGIen¥idusN1PBrGaBXIaEoNd

contacts (not shown) on a single circular connector 280. In alternate
CPLhsaERE Sy ath BFtRYSIGRRI FneWA™a and 213b 20 may be

connected to a single external connector (not shown), which in some

embadiments ma %aarﬁgggi .'c%ﬂgggt%tc%mﬁs 8#&1‘?&1‘85?%?@%0%&‘(%( 290,

' then be c%_nnecte via Sig ine to another co_nnectpr 24 on a mux
Singiiplete3sianal ifsrAs39aMdf Beheriesieteln, tBactoaglditadoaircgt @ node
29 5YSIEEIdNA MY cosRieF2323Max heshhe connested i afangsarppligctam 6

aircraft A bus 282a. this embodiment of the syste 0, the main .
on G RN TRa P LR oS BB oRiR FANEE & MeLos pgaal
corgigmaldvialtevoatermimbadsidierasarsa i 4b.the gdoanibesligiciat, &ihimpy be
cortacgaktes ARRinyerigd ypliage Signals While wisninaloR14bGagliesircular

inverted voltage signals. Terminal 214a may be connected to a resistor 3

, [ ] 0
ConRESRL 4R a PaBliEPFa CTERAINSN S A7 RS BRSCORaLIEG £ 432 88%F 1 3P
maR 2263ovice cezhhte 2 1&5hg i€ ossespandinghgcthe batkapo@R)) eaich250 some

em'g‘c?c}fn%%‘?sh%‘éz ?3;@13 d%%%ﬁé‘l Bty 91’%?.@%9%5%88@8?%?@E@ésr}{&%/“{}’x%n be

terminals 25 ( . In this embodiment, 35 terminal 254a carries
consisipf ditetiUHAGE SGRAR RSP RINEFD5 28 ARi@sMUx coupler 232 that

forms part of a larger system, such as an avionics system. The mux coupler 232

may then be connected to, for example, an aircraft A bus 282a.

In this embodiment of the system 200, the main CPU card 210 may also have
a B bus 214 that transmits and receives signals via two terminals 214a and 214b. In
this embodiment, terminal 214a carries non-inverted voltage signals while terminal
214b carries inverted voltage signals. Terminal 214a may be connected to a resistor
R1 262 via a cable 215a. Terminal 214b may be connected to a resistor R2 263 via
a cable 215b.

Correspondingly, the backup CPU card 250 may also have a B bus 254 that
transmits and receives signals via two terminals 254a and 254b. In this embodiment,
terminal 254a carries non-inverted voltage signals while terminal 254b carries
inverted voltage signals. Terminal 254a may be connected to a resistor R1 266 via a

cable 255a. Terminal 254b may be connected to a resistor R2 267 via a cable 255b.

7
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inverted voltage signals. Terminal 254a may be connected to a resistor R1
266 via a cable 255a. Terminal 254b may be connected to a resistor R2
267 via a cable 255b. 7 The resistors 262, 263 located on the B bus
signal lines 215a and 215b of the first CPU card 210, and the resistors
Th@66sidfersleeatezbondbusdd ustisigBabliner2aSme s 35 baobtite2etonit izPiist
rd 2 ay form an additi resistor ignal lin
CP‘rEnPa?f rt()jg%cr)ar]ﬁr%(gctet etor%ﬁé{ %lrtana ingeéﬁ%%%%\lgnﬁgf&% gg@s%‘ |I§I)‘% ﬁ?e%Sa,

258TahRrRe SBBHGREy B hBaLtPts B adgiianrhesisst aewersde 293.

The signal lines 215a and 215b may then be connected to another single

contact 218 on.an external connector 280. In some embodjments, cont

18 198, B AP CORIAEE T AREHRELE I RRTHIONES SRR oA e 202
Singiigrial thrresinlSaij@15@5b0nma_ybbecoqmréetétbtmmdigweﬁhﬁom&bma1 node
20 SOMACIS (4104 SHRYM 0 BRSPS FIEGUIRESUINEEIN2RR: 1B letRatesingle

embadiments, each of the signal lines 215a and 215b may be connecte
CoREAGt &g BT IS CBINTRIBT AN AECh o\ PP T R RRUBIFS e B At snay
be maydénhotxdsl toriteciate Ehevedinreettoeadi8/@30entyntiidindse215a, 215b

ma§OPRECIRAMR §190aL N%164P 13, AROIDET CYRRGSLON 2458 GhINUK GRYPSETgle
h § fd a

34that 15 forms part of a larger system, such as ‘an avionics system.

circHi AAMRBAPRIR3MN AyNHErr PR IRREte 836, Rirtekaiaph iapsdrGarnd

215b bhisy282 kol édie € Lo dimpateaidhrisysiaatidpOna Ry @hich in some
interconnected wires, which may include.a non-inverte n inverted

e B RINE, Petrrs S 2 ol BRI Ry ) e oe

conessteddvie aigresiimgiedatto cirnihel. ashatdntRndugsasanduBieugséshat

forr%tBQ_rP@fUa q8rgsr &1RetR0smay éb%ﬁf%ﬂ%@f}w%ﬁﬁw‘r hannetBens4
the signals from the A bus 212 of the main CPU card 210, and the A bus

maydRegr iR CHNELIRICP (PESYIDRE 8 A5 hing to the teachings

of the present embodiment of the system 200, both data channels may

then be-quigyt g Huqugh fantact216.65 signalling 8?91@885%%&%@%@%,

the signals from the B bus 214 of the main CPU card 210, and the B bu
whisB4 BevhNBIERUF CIOT BXPAISS 0RARE bR aB8BRling %o tRE'Stor(s) and
tratieashiTgsi tharyeasanteaybiesirsrnteaf ihasystem i@ Atbetardaia Each of

the RYRELS MY the ”s§§ﬁ°o tput G&E%“%@&SO%C%%%“ %é%rr‘é‘#o'rié‘go%%%vdé‘ data
some embodiments, the two data channels may each be provided as two

chanaelsind 3o dheasiingle traulae cobreefcr 2BheIMsinfeRipstaed 2A8t afdehe
A gypesobmultihiskGomrestessmay aleocbmibised- deashiresistard eMdikgs of

the(gpeesgnett gr%[;%soi%%%st %? R{gfis%ztg#q/%(ag,fg&l%ugaé %%%hneis may then be output
through contact 216 on signal line 220. Similarly, when the signals from the B bus
214 of the main CPU card 210, and the B bus 254 of the backup CPU card 250 are
combined according to the teachings of the present embodiment of the system 200,
both data channels may then be output through contact 218 on signal line 222. In
some embodiments, the two data channels may each be provided as two data pins
on a single circular connector 280. It is understood that other types of multi-pin

connectors may also be used.

Each resistor network (one set of resistors 260/261/264/265 for bus A 212,
252 of each CPU card 210, 250, and another set of resistors 262/263/266/267 for
bus B 214, 254 of each CPU card 210, 250) may include thick film or other types of
resistors having specially selected resistance values. The resistance values may be

calculated based, for example, on empirical data, depending upon the number/type
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252 of each CPU card 210, 250, and another set of resistors
262/263/266/267 for 35 bus B 214, 254 of each CPU card 210, 250) may
include thick film or other types of resistors having specially selected
resistance values. The resistance values may be calculated based, for

an@xampienehenirtabdate depandeny cportheinomaesitypdt Blandn some
rrangeme of, external equi n ircr In

e e e 8 B e o, MR S et

altsgetifcnhadiameiisaraeiisstfioemry avh Pedidentthissisiieval drffelefi¢rther

altdAREUNYBIMENRINEIRH it ate RIBBHIMEeNISRash @fttheR b resistess of

60, 264 ta bus A 212, 252 of 5 CPU cards 210, 250 respectivel
S e g O B TN X o R R O LR
R2cratashrs 262126359 claGPhlisdrds 2105250 Cadpeetivel] Omi0aisephaiesly,

magerticabyaliesdde shme may betumiRribe il andiRZFPSISICE resistors
associated with the B busses 214, 254 of the CPU cards 210, 250

assREBIRiveR s Soresembblimeh trR Rilhfrr e kbide? (aiRestively. In
sor&éS@@iBﬁ@dﬂNHfslhBeAFb‘usselSB@ 2Bt @S amay besdiffetehtrfitonththé\ Rilisses
212%5%15%5'1\%%% é&%%@ﬁ?%aﬁda‘é{!}rh%?&SF&}%%?L@ %@s%éé’ré@@ith the B
resistors 260: step down the voltage at, #or example, the A bus 252 of
buggeshaldad>€PU card 250 when the A bus 212 of the main CPU card is
transmitting. 15 This prevents overload of the CPU card that is not
transmitting. In one embodiment, the step down yoltage may,be the
T SRR AT SO e Ean b & 20N 5252 ©
thepoiakUPHEP M apride2a@ovmaplishet] Risi @ gl anaés GoilRcaEhig tRRHNIE].
ThRPReRReJRSISISAAR-2P 1 warshituthisRMRadimenof thesyemodthent,

may be implemented with very small comﬁy(énents hat havel_insi%nificant

the R Y R B YRR SRR MR S Bk ol pibea tifigndard

of Hieydiepaiet thmbiatimnertsnaf tesystepi2el theiscaquatwal gkmftmdld tand

Rr2P& Gamkingd ?ﬂearéggéﬁé%efﬁ%rg@ iRARRESIRINSAF Br3INYS SeMA3ho

connector. This sav oth weight and space compared to prior art
maéry%%empﬂ@mezwﬂ\%‘(@r&oﬁw@&é}ﬂ%ﬁ?Baahsahetﬁé%w [fRBlsgight and
spaodited andrepmshioedannthetheonalitbisubrekplan ety thelexterhbodiments
of { %nﬁrges é%rszBE' ttm,%g 8\,5\/”{‘\902_8123n-m|§ B! Iégrlrﬂ)%esdm c%w”%rsripwrg%hgé}'g?lexternal

enclosure, as fewer transceiver pins are required. An alterriate
coapiedinentonad $ GiretRxt SINBePs molinteavss aetRmgigidignd space
cofigaBNeY-IeHAGe  filkern board that is connected to the backplane. In this

30 embodiment, the interconnected signal may be routed and combined

on the RFI filter

The interconnected signals between the channels are routed and combined

on the monolithic backplane to the external connectors on the housing 202. This
results in a smaller mechanical enclosure, as fewer transceiver pins are required.
An alternate embodiment has the circular connectors mounted on an RFI (radio
frequency interface) filter board that is connected to the backplane. In this
embodiment, the interconnected signal may be routed and combined on the RFI filter
board.

Figure 3 is a flow chart illustrating one method, designated generally as
reference numeral 300, of combining a plurality of electrical signals using the system
of Figure 2. The method 300 includes a first step of providing a first central
processing unit (CPU) 210 located within a housing 202, as shown with reference

numeral 302. The first CPU 210 may be capable of transmitting and receiving a first
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board. Figure 3 is a flow chart illustrating one method, designated

generally as reference numeral 300, of combining a plurality of electrical

signals using the system 35 of Figure 2. The method 300 includes a first

step of providing a first central processing unit (CPU) 210 located within a
sighaiusingh203ua 2 showheaniibtnete Bo0cacndaesat S 2tdhef firslvdiRy 2 $6cond
cpg?l"‘}z%&’r 085\%%%3’ ﬁ%%wgﬁ}d LeCeINg AiflrelsResional an Ay %E’U%he

e method clu a next step of providing a secon

seqmg I@E&’té’@%‘ﬁﬁm%émﬁ’ﬁ@c pansastEoRme \Vﬁﬂ@']’é?@r%ﬁééoﬁdrﬁ'éfﬁi 3040

A tlRe2SECqRE W@é&;m@bmﬁ@m@m@&wwﬁ&@m EG@etiNB’dGransmlts
second s,lg;\n%‘1 on. rgi A bus 252. The final stgp lSan‘OVI %a sin
n 2

aq‘té ST EoRAECISI TS R # ansm"[s’s%l’nréJ TeceWEs 55tR Sald f"‘fst §%ﬁ% nee

nuaatkkald second signal, as shown with reference numeral 306. Additional
optional steps for the method 300 may include providing a first resistor
network electrically connected between each of the A busses 212, 252

and “FORER ARSI, Serh al R TFUR SOb MRk SR AERUHNg 2 first

resjtevertingrarieveitabyl afroretod thetwebnssah 25t 2h2 22 whsss 2 $Ryrizidsand

the rc%’?%%'l‘é%‘?dy remythe;pthec ol tﬁ]&@r RURSAS AR T2 ?&%RMB%'%R%%% of

the connector. Further optional steps for the metho 300 may inc

ong S8t P SHIfmP e RO witiPasp &8 thcBNSUNLRY Fom theptheme ffs: A

buged $e0rd LEds RiSt2bEsUgnnBstvEediof armaﬁ@@czcbmat efdhe for the
em 200 and me thod. 300 is use N airc aft foIIo th
me@( égl& én_@é? g‘t%n ?&f O%Hgnsr'{gga Oone Shvf\slllnneﬁpom e%ln maglnbussyss 2
254 ohtagfirenenctrasaet frdtk/ e BackpespseliMes0, in a single housing,
are able to communicate with external systems on the same aircraft bus

282a, 282b 20 usi Qq 8|ﬁ‘erent bus operation mode; The S)Qstem 200 and
f

metHot 380 pAEE S DSy AR h IR oA alsstefdelpisieratt
fo!Iownmct@rlebt&Taambﬁ@resmdeciamdmml|m:gweThFr$systeﬁnmmf the main

sydRreqBNGIIaNdSREANNIESS ARGLURANSRAIE My, 1B50ther § %r%d%u@% are

aircraft and does not result in any system egradation and_disruption. 25
ablf jpIIRaapeRiaME b PEPBRAGYERMETN the SAMRafimiAeRigs282a, 282b
usiM@rigfisrast ansl/eremnndiicadsns May bastaadEDdhe persen By erdiodea®r a

red?x%ﬁ%n In t@% number of transceiver pins or connectors, mux couplers and
associated cabling. This system of interconnection is seamless and transparent to
the other systems in an aircraft and does not result in any system degradation and

disruption.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the
embodiments without departing from a spirit or scope of the invention as broadly
described. The embodiments are, therefore, to be considered in all respects to be

illustrative and not restrictive.
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embodiments without departing from a spirit or scope of the invention as
broadly described. The embodiments are, therefore, to be considered in
all respects to be 30 illustrative and not restrictive. 10 CLAIMS 1. A
system for combining a plurality of electrical signals, the system
CL&dmPrising: a first central processing unit (CPU) located within a housing,

1, the ﬁrsggétgﬁ U Sanaiieafansmitiogang regelving a digsonl Ongaiém,
bus; and a second CPU located within the housing, the second CPU ;
coregpable of transmitting and receiving a second signal on an A bus;

wherein eaghigf saiflfirgiresut sagantk sTPals cssteomigined pousirgingle first
connector. 10 2. The system of claim 1, further com risin first resistor

> f N -
ek SRR S Tah RIS T R P TR B A RIS R
connector, 38eRhCSAid dratedexisiorthe thassings hasaeqie enitrgrable of

OVeﬂ%Qrﬁ’ﬁtﬂ%%%Sé&ﬁr@%%%WQ%aﬁgﬂ% I8 Bagsmitted from the
other of said A busses ar%E gut&%t throu';g{;]h said 15 connector. 3. The

Th
system of MAFES RAgle s AR CORpTERS AR PP RRRIRG 2
an isirgteedoaneaton-inverted signal line, said first resistor network
comprises a resistor on each wire in said wire pairs and said inverted
signal line uses a first pin of 20 said connector, while said non-inverted

2. signhMirysigaesac@itond Wi et CHAPIRG Scibspt Fesirer yRimkotiERtinally

cormesfaerektveash ed saish resisionsusssaid firsiaiesistote cetweorkisteps shoavirst
a voltage at a receivi roir SQGi Wi i i n

e R b IR S St I bR SF L SoSErRn

sigidels Seabstitadsitienl drrarMieeoRsarin duRUssearaifitaHPYS. thirpaigh said

co @m of claims 1 or 2, wherein; each CPU further comprises a B bus
comprising a wire pair having an 30 inverted and non-inverted signal line;
and said system further comprises a second resistor network electrically

3. conieetegstorsaitioibug, of ezien clashid G PWthancohuvisgsaress A ving

an Qﬁ\‘ﬁ%ed and non-inverted signal line, said first resistor network comprises a
resistor on each wire in said wire pairs and said inverted signal line uses a first pin of
said connector, while said non-inverted signal lines uses a second pin of said

connector.

4, The system of claim 3, wherein each of said resistors in said first resistor
network steps down a voltage at a receiving terminal associated with one of said
signals on said A bus to a maximum allowed by a standard for a receiving channel

when said other signal channel on said A bus is transmitting.

5. The system of claims 1 or 2, wherein;
each CPU further comprises a B bus comprising a wire pair having an
inverted and non-inverted signal line; and
said system further comprises a second resistor network electrically
connected to said B bus of each of said CPUs and having a resistor on each
wire in said wire pairs, and said inverted signal line uses a first pin of a
second connector, while said non-inverted signal line uses a second pin of

said second connector.
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wire in said wire pairs, and said inverted signal line uses a first pin of a
second connector, while said non-inverted signal line uses a second pin of
35 said second connector. 11 6. The system of claim 5, wherein each of
said first and second CPUs are capable of performing identical functions.
6. 7. Thessywysiemclefim&ianob 5wiveieieieaetid dagficofissidin eaeehdndiion-are

capa BV eHBe-RigRAYiRes framprehRf said A and i3 busses terminates on a

single pin of a single multi-pin connector. 8. The system of any one of the
preceding claims, wherein each of said CPUs transmits and receives said
7. signate asgsiedingldie M LoSTDviEb idataictaackardf £6i@.iAvanetthoghfomon-

!nvgﬂg&pémﬂgl%@ﬁj%w é)gc‘ﬂ%?tg _8"1@ § ly&%é‘y ?ﬁéﬁmng@s H?\eérkc?(%qll:? lBin of a

~ comprising the steps of: providing a first central processing unit
singde Aet IR 956RIsing, the first CPU capable of transmitting and
receiving a first signal on 15 an A bus; providing a second CPU located

s. ithin he housing, he secong CEL. capable ol tranamiting andreceiviag).
a second’sighal on a us; and providing a single connéctor tha

tramsanithAns dpceicee A Hotisadcirsdinddaal Mhd Shitt Ketonet sigjaadarden
combined on said connector. 20 10. The method of claim 9, further

comprisin rovidingH‘a_first resistor network electricallr¥ nnected

[ 0
9 petiedrelith Bf SAMRANRS LW Val %ﬁﬂ@&%r?‘@uaﬁstﬁétasa}’&tﬁ@ the
meatesistcrmptisonk tsssepmalreventing an overload of one of said A busses

when a sigpgl, s frgngmyied éé%ﬂa‘ih%ﬁaﬂé%'é%s%iﬁiﬁ@@f%&%@eeuwin a
through said 25 connector. 11. The method of claim 9, wherein each bus
furtHeUSApHSelrs! Witd) pSAPRRIARY ERDHVEIRSLAAd SSRGS Eat Sitghal on

line,sarddirst resistor network comprises a resistor on each wire in said

wire pairs ap?ﬁv?‘a%dgﬁgvs%é%ﬂds@ﬁé' IS LSS ANBIPI éﬁ%@ %ﬁédse]pond CPU
connector, while said non-inverted signal line uses a second pin of said
coniséesiethbtiarsnvdTaeherespitBmgasrndieigns selestigusivanse for

each resistpp s Lish e sisine astwaikisHEMiRah eRed el saidomsisiars st

steps down . . , ,
pssgnal an% said second sighal when combined on said connector.

10. The method of claim 9, further comprising providing a first resistor network
electrically connected between each of said A busses and said connector, such that
said first resistor network assists in preventing an overload of one of said A busses
when a signal is transmitted from the other of said A busses and output through said

connector.

1. The method of claim 9, wherein each bus further comprises a wire pair having
an inverted and non-inverted signal line, said first resistor network comprises a
resistor on each wire in said wire pairs and said inverted signal line uses a first pin of
said connector, while said non-inverted signal line uses a second pin of said
connector, the method further comprising the step of selecting a value for each
resistor in said first resistor network such that each of said resistors steps down a
voltage at a receiving terminal associated with one of said data channels to a
maximum allowed by a standard for a receiving channel when said other data

channel is transmitting.
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voltage at a receiving terminal associated with one of said data channels
to a maximum allowed by a standard for a receiving channel when said
other data 35 channel is transmitting. 12 12. The method of any one of
claims 9-11, wherein each CPU further comprises a B bus comprising a

12 WirepRinhaNRgARApwidas aaRainverHedisignah Ity anghar seafies a

B

URdRERAY L ra MR PEH &

resistor network eJectricauévcgnn%clted rt‘% %ig Ban_smc\)/fe ﬁaghsiof sf’;\l% eg:F;Hg 5
CRSAR TVEERY pairs, anoe, and B thes:

seqnedhiss ifietheetoonipelsetsieddy ttivatigctenh te st Baidsrmiesestt eigeéd IPRRUs
an®hgard af-saillB Mvsses inra firshiin pt asrcand.canpector, and

13

electrically connectin saLd non-inverted signal line of each of said B,
busses to K‘%e@t?ﬁ‘aﬁgiﬁ%f?éi&%@&&ﬁ?c&#ﬁ?&é’fé?y 16P93°9HR8 rdihdaGited
clainsidisifimthef eachpisiaig 8leckiealli cofirne gimgfeashcohdsaidrinveiiednd
and -inyert i ipes f '?ﬂﬁlﬂ f sai
singﬂgglt r*@c%ﬁz glg:@ I(garﬁ‘l ' |tle-%lan '5380611}1ect0r§3 1S§48Yl' %’%@%ﬁ"@ﬁﬁf}&%ﬁ uoS rSes
13, Whe &sifred dhnotfsaid fRICAAFI8RFA central 15 processing units are
capable of performing identical functions. 15. The method of any one of
clai eachzof,;gg'd data channelﬁ oircn‘achrms to a

ard. '

'MIL@‘F%%%W géfggf?nd Sin £0[PrISINg eegtr y connecting each of

said inverted and non-inverted signal lines from each of said A and B busses to a

single pin of a single multi-pin connector.

14.

The method of claims 12 or 13, wherein each of said first and second central

processing units are capable of performing identical functions.

15. The method of any one of claims 9-14, wherein each of said data channels
conforms to a MIL-STD-1553 data standard.
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