Copt'rol for an el ectrical ~generating and distribution System and met hod OAL()
operatisen Tnis application relates to a control for an eng 851
generation and distribution systemand to a method for o ZEE e
comgtrol . 5 _ Background of the Invention In a typical
mul'ti-engine aircraft_electrical systemfor which the invganti IS,
particularly sd¢@@@¥°ba€ﬂreﬁ§iﬁéeﬂ¥F@€§1a96€ﬁ§%§%59tﬁﬂdié}?%é%kﬂﬁﬁ%ﬂu
speed drive. Eagps@in}hen@nEitBROE" b¥eBp@EARiaNOrs povers a set of |oad
circuits 10 and the load circuits may be interconnected through an
ehectrical distribution bus.. An auxiliary power unit drives an auxiliary
generator to supplenent the engine driven generators in the event of an
engi ne or generator f@isdr s b1 Nitaml I u to
provide electric 15 fﬂﬁ%iégp%é§§y%ﬁe g??%?ggr?éngpﬁgngigﬁn ﬁhzﬁpthe.uu
engi nes are sh@legdkricald ggnesationl apdvdistoibutips systedn@nd to a
avail able.. A 9QRAIRIPESO Vg atihd £6EWochlEogach of the generators
nonitors the electrical condition of the 20 associ at ed generator and
conditions of the nechanical drive to the generator..A bus power control
Wit (BPCE) nonitors power difdkdiohndnofhthegiaventieonsystem and the
condition of the generators, and conirols bus tire breakers which connect

the electrical distribution bus between the 25 generators, |oads and the
agXxiliary generator. ImDe typiwdh hehtii-angipewaiedrhf tored eaft rtiloa lavasrd tadih €

generators. T e or r . e in.Raral | el The,
control uni tsmﬁg\%eQﬁ]ﬁ%eéb%s’ﬁ“g%%?ﬁgfédg?ﬁgggpggkignfs @I’l %&tﬁoﬁ%fsq ned‘rI fme
nul tiple hard drrisescia @genexatd3sr through ancaneteb&nspesd: idrtive. nBach oof
the generator Gl fdlgiHu t&?&@nti@n\ﬂﬁﬂéﬁaﬁ%go%%r gl gy toftl'ééidzecircuits
integrated circuit m¥roprocessors I ch have sever al . - 2- advant'ages

i ncl udi ng0f uncenGhdihe |l0adhi¢izquits PaYrbgednterconnected through an

electrical distribution bus. An auxiliary power unit drives

an auxiliary generator to supplement the engine -driven
generators in the event of an engine or generator failure.
The auxiliary power unit is also used to provide electric '

15 power with the aircraft on-tbe'ground when the engines are
shut down and an external power source is not readily
availiable. ) '

A generator control unit (GCU) for each of the
generators monitors the electrical condition of the
20  associated generator and conditions of the mechanical drive
to the generator. A bus power control unit (BPCU) monitors
. power distribu;ion throughout the systéem and the condition
of the generators, and controls bus tie breakers which
. connect the electrical distribution bus between the

vy 25 generators, loads and the auxiliary generator. One or both
loads are powered by one of the available generators. Two
& ‘'generators are not, however, connected in parallel. The

control units have in the past coordinated interlock
information using multiple hard wired circuits.

30 In accordance with the invention, the generator
control units and the bus power control unit utilize
integrated circuit microprocessors which have several
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y. The invention provides an electrical generation and
on system having at |east two generators, 5 wherei n at

|%east

one of the generators is connected to a load circuit through a generator ,
eaker, and the load circuit is connected to the other generator
or generators through an el ectrical=2ftstribution bus and a bus tie breaker,

circuit br

whi ch systemis provided with a 10 control for controlling the operation of "
the generators and the direction of power_ fromthe nerators ta t 1 oad
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any one of
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load circuit, said control comprising:

a microprocessor generator control unit for each

~generator;
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35

a microprocessor bus power control unit;

means connecting an output of each generator with
an input of its associated generator control unit to
cause the generator control unit to respond to generétor
conditions;

means connecting an output of each generator
control unit with its.associated generator to control
the operation thereof; )

means connecting inputs of the bus power control
unit with the electrical distribution system, to enable
the bus power control.unit-to respond to distribution
system conditions;

serial data links interconnecting the bus power
control unit with each of the generator control units
to transmit generator and distribution system condition
information and control unit'outputs among the control
units to correlate operation of the control units; and

means connecting the generator circuit breaker and
the bus tie breaker to respond to the outputs of the
generator and bus power_control units selectively to
connect the load circuit with any one of thé:generators.

ex3PLRner at or

it with



| nt erconnection is provided between the bus power control unit and each of
-the gen®rator control units through several data |inks. Input and output-
i nfformation may be shared by the BPCU and each of the 5 GCU s,*
mnimzing the interconnectihg wiring regquired between the control units,
the generators and the sensors and circuit breakers for the electrical
di stribution system- Redundant infor.mation concerning generator and 10
di stribution circuit. ., c it YA ' e n 0
Wthout the addi 1 SR COIPRESAIE & Rtk Iadt, BOLhECh e 0uEr BRAEE
uMts enabl e thatwoll undtt emdofeaall tafltthe i generatorx tantholcymits
program The Eh%%ug%!gﬁ%éPail&aégﬁ%ELﬁELt 'Erghdlﬁutngocessor cl ock
ave~a

frequency and n 1nherent accuracy nug |gher than"that of a discrete
conponent ti ndrfoxpasdigmaiay, ke mhaned tky fehet BRCUpardt pafhortr &bt ed

circuitsgmy Reuskor miRashidSnd the NHtdeEoMEEYihE RELOABOIRGRIYRY | ar ge
time tol erances of discrete 2 conponent. tiners. Moreover, ~additional

wei ght and coRB&WESR dhec£anEnah Ykhd r the o7 eREERLPFAeARdndFor e and

different timgegiglodss aimy digciiid ibxeshwées efdesthebkieckiyadt her control
faincti ons may _he based .on software programm ng of the m croprocessors.
Changes may Zglsq%£§ﬁ£ﬁPQN§¥ﬁﬁﬁpto'acconnndate di fferent system

requirements. The Mﬂic?aiﬂ: alrﬁ&bma;;ddie_simperhm?gogeﬁen'alt@:rl iangl t hle
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conditions; utilization of multiple time delays in the control
program. The time delays may be based on the micro-

15 processor clock frequency and have an inherent accuracy
mugh higher than that of a discrete component timer.
Accordingly, tiﬁe limits for the operation of related
circnits may be shortened as it is not necessary to
accommddéte the large time tolerances of discrete

20 component timers. Moreover, additional weight and
component space is not required for each timer and more
and different time delays may be utilized where desirable.

Many other control funétions may be based on
software programming of the microprocessors. Changes may

25 readily be made to accommodate different system
requirements. '

The invention also provides a method of controlling
the generator..operation and the power distributioh of '
such an electrical generation and distribution system,

30 which comprises:

operating each of the generator control units in
accordance with conditions of the associaﬁed_generator
to control the generator operation;

operating said bus power control unit in

35 accordance with electrical distribution circuit
conditions; |



J- “communi cat i ng generator and distribution circuit condition and control
yf ormati on between all the generator control units and the bus power®

ggntrol unit to control the circuit and bus tie breakers to 5 deliver .

power from any one of the generatOTé'to each of the | oads. Another feature

of the invention is the prOV|S|on of a nethod of controlllng the system

i nwhi ch each of the GCU s is operated_in. accqrdance with conditions 10 of

the associ SOFEURRALINT. gereX akoppend; Sigh&ed qq19%ﬁﬁﬂﬁ%nce With

el ectrical i34 | 8 Chsti 1 Condotmanioanbeitagrirhartl hetye control the (-
circuit and tie breakers. Yet a furthgr gﬁa ure i s the OVIfIOﬂ of a 15
of ek

vol t age r eGENRIFLOT SRR FOLMBIEF 288 h u&éﬁﬁ?ﬁ?ﬁr &%t vol tages is
corrected Ryidh t& régnsi@hathé octpotiel ahlie byendrist drdaletxs cberent source

the o8 ngeiides Ferdhorih ead phel AL Bl stEAEEY S8, 18 o' o ©

signal. Fuwﬂwﬁhée&ﬁadss and advant ages of the |nvent|on Wi |- readily
be apparent fro spRgcihicq @y@g in

whi ch: Figure 1q¥¥9§bépn%$¥$ﬁgﬁ Bﬁskéﬁls%henatlc ure H?s a gﬁoc

di agr am of o aeu@ptteodiroﬁenog'enaiénog trhiel isyestem thhéﬂlyy%lﬂeﬂ?c 0 »

Figure 3 iga @}é%éé'sdlé'BgérQ't@ar aw %E&Mé@mpéhte@nafﬂaagor

control uni 4is a schematic drawi ng, sh omnng stem
curr edto semr@%m@éﬂtﬂﬂtﬁeﬁﬁ€a§9ﬁeﬁ@@0r h& REH ’cf-l"n‘PP%ﬁ tefe bus power *

control unify ddcordance witAUEZe2trSc1blBG e Flingpon seittaitt o Figure 3
wh conditions and together-they control the circuit and
tie breakers.
Yet a further feature is the provision of a _
15 voltage regulator in which an aVerage of the generator
phase voltages is corrected by an error signal to
control the generator fleld current source and having

means for sensing



additional detail; Figure 6 is a systemblock diagramsinilar to Figure 1, G%a
showi ngeaddi tional detail of the bus power control unit and its o
i nterconnection with the distribution system 20 Figure 7 is a

bl ock™di agr am of the generator voltage kefrul ator; and Figure 8 is a bl ock
diagramillustrating the m croprocessor functions related to the voltage

regul ator. The el ectrical generation and distribution system and 25

nmet hod are |IIustrated and described herein as enbodred in a systemfor a
two engine aiLgr |
t Hhert featureségfg%hgw@%gﬁ mﬁﬁgy é?%ﬁr |ze % éi %?hgrpgfaggﬁhﬁ%@frrca

generation an@e§n§tﬁ9§upmﬁi%ﬁﬁn§§ﬁ;ﬁﬁﬁﬂ@m¢¢ré¢%§t$¢é&¢eg§ﬁ§maﬁh6ne§m@tﬂ)
distributi-on gyghaas of other kinds. The sinplified systenrrllustrated i n

Figure 1 utilizés a_single Irne to |rmhé: what may e mul ti
connections betweenFUr&hes: featyras an eﬁé%?ﬁﬁ%ﬁ?%eﬂ g&H@r&P§F§tﬂ9n:H§¥He

desi gnat®d Coeh8EIiyabeé @pparedtl.£rdm ntlpeEsBlowinfaypedd £ icatibnutand
referenced to_a common return or ihf 17 and connected through generator
circuit breakBfgM 8he;grawingsy dﬁht @BL and GCBR with |oads 20, 21
rgspectively. An el Pdgureall dissta idinplaif ted @Pstey. behembedtizvely

connected with | Oadf‘lﬁg’rez:h tlly Oau%‘;)éiéa‘g%fg%ﬁ $§g§ﬂ§ %ﬁed?ﬁﬁ%ﬂt ed BTBL

and BTBR 5 n-auxi I'ary genetr ga"8u put
ref erenced t oggneuator7 ukid izeshdm cthe Fsyskgman auxiliary power breaker 27

APB h el ect t Isl
bower 8¢ wnich | nitgird 3 2 Chaun fted B106k dEhgkn BF ) pRtideio
d ennon et al the genggproracantron :HFWGB filed March 8, 1979, and

assigned to the aSSFQ@ﬁQeﬂhtﬂ!5%'ﬁ&%ﬂﬁél”bcﬁ%h&ﬁiérE@hwﬂﬁ&e%h%ﬂqr dytitlem
shown) may be connected with the electrrca de/st arrcraft i.s on

the ground thFBEERNE EERSAETHConneckad Jrsth Cgenerator control unit

and the bus power control unit;
15 Figure 5 is a block diagram similar to Figure 3 with
| additional detail; -
Figure 6 is’a system block diagram'similar to Figure
1, showing. add1tiona1 deta11 of the bus power contrdi unit
and its interconnection with the distribution system;
20 Figure 7 is a block diagram of the generator voltage
regulator; and
Figure 8 is a block diagram illustrating the
microprocessdr functions related to the voltage regulatorl
The electrical generation and'distribdtion system and
25 method are illustrated and described herein as embodied in a
system for a two engine aircraft with an auxiliary power
unit. It will be understood that features of the control

P may be utilized with other aircraft electrical generation
and distribution systems and with electrical generatlon and
& 30 distribution systems of other kinds.

The simplified system illustrated in Figure 1 utilizes
a'single line to indicate what may be multiple connections
between elements. A pair of engine driven generators 15, 16
are designated GEN LEFT and GEN RIGHT. ' Both generators have

35 outputs referenced to a common return or ground 17 and
connected through generator circuit breakers 18, 19,



The aircraft electrical systemis typically-a three phase

dtem operating at 400 Hertz with a four wire distribution system
ordingly, the single line connections and single.contactors described _
abpve represent four conductors and thgee pole relays, the neutral

mai ni ng 20 unbr oken. Each of the generators has a control unit 30, 31
“and 32. The generator control unit is designated GCU with that for the left
generator being GCUL, that for the right generatoer being GCUR gnd that of
the auxili Fep GRS BCBE andbétﬁﬁ AE}@% 1a%% i3d, PPeALchOcEPGE1get ai | o

bel ow, generator' control units 30, 31 and 3 noni t'or  the 0 erating
condi t i ons 2% Q#ﬁ?%&%%%*a@bﬁtﬁéhEF&PBr?Qﬁu?&uﬂﬁﬁchet#ﬁl%ﬁﬁ#%@lbn of field
current sowaﬁfec?éed &&wdlaédandogelzer o Byl ¢ BseaNer 38280d239,

respectivel 1Tmaf%§a ﬁﬁrre t % sources are designated | FLD and” t he
gener at or eBFfRated GCR The field current source and

gener & or controlAn eﬂmxlrharphgeneabltprbesa Jlzd mds tdre @.oqlrs]uel unit, Thﬁ
whead f t ecti the_ CCU with the -
R0t at ed T EHLFES ohPing 17204 soprRcteh VoAl 4 it LRE ol s

transnitt epawerhdateakerc2? on(\APB]’hwlthngllxedte:achal |distbibukeibont bas 22, 4
generator e t e 7) )
i ndi cate t%‘e‘l{ réeraker és)%lg? ugf Qﬁc%ﬁglﬁ' on~i %%atﬁrg{rylémg%%éﬁ?ggt he

GCU. A si nithe anixil ipwy PRWesndenerasors mayl keufiound cimdGlennoncet Albus *
powen gcont g 1%&%@1&’% v§9009'ﬂ$@heﬁaf:% terarlfgWS'é}{h ofsSYShER to .

condition informatjon and_inferl ocks w.th each ¢CU, as MA%¥§appear in
more det ai [thfe|af§ignee °€oﬁ?i§lénYﬁ§téE@Patlon of the breakers BTB to

maintain. 10 ouiidwteshaln pbubkoBobkcenqric fsrmd)hfm ¢ egodaLLall ©
to | oads 20 1. ccordance e in ntlon of the control
units util |wi'<=}:§1 Xhe c?njcﬁﬁ'b"cégg r S¥8 ﬁF‘oV g2 fle‘éc’t?oﬂ“ akle )
organi zat i groafind nflrowdh oa contacbong28, de51gnated EPC.

15 _ The aircraft elect;ical system is typically a three
phase system operating at 400 Hertz with a four wire
distribution system. Accordingly, the single line
connections and single contactors described above represent
four conductors and three-pdle relays, the neutral remaining

20 unbroken. )

Each of the generaéors has a control unit 30, 31 ana
32, The generator control unit is designated GCU with that
for the left generator being GCUL, that for the right
_ generator being GCUR, and that of the auxiliary generator
25 being APGCU. As will appear in more detail below, generator
- control units 30, 31 and 32 monitor the operating conditions
of the associated generators and control the operation of

field current sources 34, 35 and 36 and generator control »
relays 37, 38 and 39, respectively. The field current
30 . sources are designated IFLD and the generator control L

relays are designated GCR. The field current source and
generator control relay may physically be a part of the
"control unit.
The arrowheads at each end of the lines
35 interconnecting the GCU with the associated Ipp and GCR
- indicate that information for status. and control is



generator operation and circuit conditions and for the ' 15

est abl i @hment and distribution of -appropriate control signals. As a further
illustration of a typical aircraft electrlcal system Figure 2 shows in

bl ockK™ ¥ orm an engi ne 45 which powers a copstant speed drive 46 that
supplies rotary 20 i nput to the generator 47 including a pernmanent
magnet _generator (PM35 48, an exciter generator -49 and the three phase
power generator 50. The drive may be integrated with the generator in a

si.ngl e housi ngrahBMittRd di hothalité®t fows. ea@héOélhbmePNEadeﬁciltﬁfe and
pdWer gener at nted on, a cp

th t
Coecd o i ve 4B LYRE Pk, SSRRT ARR 1L A TAAC U POE. BORCPEPARUEe (Gt
uni ts and. f or 28jcand the GBuuaas'3@%fmndﬂcéteeﬂhétebdeahérrstawwagor

armature with eg.a ect ed 'L

rotating fiel 8BH? pomertiggo(}%ar%gr\%’fai 'g E’\S\#&{& Eio Qg Qaﬁés gn s\gl"}

derived Brom Brawdngi mmnw;ntﬂenﬂxﬁ(iplkwwedoxneatheErfdgurQSprOV|ded from

the PMG through thepc éggg?éﬁcEnfenaﬁoi §@b?ylgcg ﬁ it age
ener at or H

regulator The out put I §_connect h the IFCUIt
tgrough the t ﬁFéésé’éﬁtsd@t'E of; systegm g&rediatwncinéqmas#eakénde@aterlocks

Figure 3 '||Uﬁhkﬁt%%dHWGﬁuvﬂddafﬂhéﬂﬁiilf£§§%£991npﬁbﬂé'Békaﬁ&n®@¥d¥ and
distribution s%sten1|nqiﬁf to th enerator control unit

necr oconput er SOREF qResa Shithe break SBESBWPCFGpN&&QQQh“ The
generatpp 5 Obbltliina\loﬂlmifblftmﬂbﬂfeﬁélﬁgf hf eémpER&csout ceer iavad 1able to

POt O e bR bR VhSTA I U6 GLER BheCfnb BEsSHS Ay O Uhd
circuits 56 tcoatraﬂahnjtsgytﬂlrnés|4”mmmtepndceeabngtbopdnguﬂd ﬁnnntheer
ST oot o Sons SR ol WAL ok PhE Sk Ep BRI 2 |
and coupl ed t genesatiorr Qpexadsisn and czrcult_eondltzons and for the
15 establishment and distribution of approprlate control
signals.
As a further 1llustrat10n of a typical alrcraft
electrzcal system, Figure 2 shows in block form an engine 45
-which powers a constant speed drive 46 that supplies rotary
20 input to the generator 47 including a permanent magnet
generator (PMG) 48, an exciter generator 49 and the three
phase power generator 50. The drive may be integrated with
the generator in a single housing (IDG). -Briefly, the
rotors of each of the PMG, exciter and power genefators are
25 . mounted on a common shaft driven by the constant speed drive
46. The PMG has an output that supplies power for the
control units and for exciter 49. Exciter 49 has a fixed
field and rotating armature with the armature output being
rectified and connected with the rotating field of power
& 30 generator 50 which in turn has an output derived from fixed
windings. Field current for exciter 49 is provided from the
PMG through the contacts of generator control relay GCR and
the voltage regulator. The output of generator 50 is
connected with the 1oad circuit through the three contacts
35 of‘generator circuit breaker GCB.



t hrough data bus and input-output (170 ports 58. Phase currents are sensed
Py current transfornmers (not 15 shown in Figure 3) and coupled through peak
jgglding circuits 60 to the nultiplexer and A/D converter 57. Distributiaon

I

Kerjcuit line currents are al so sensed by current transforns and connected
png with the generator current signals to a differential current

sOnpar at or 61 whi ch provides an 20appropriate i'nput to the m croprocessor

in the event an _excessi, cyurrent unbal ance occurs. The_out put of the

per manent nagﬁé?uﬁﬁn réﬁgPsgﬁé%%§:&QuﬁkFR%%éﬁ?ﬁkﬁ}O%hdePErtPFequency o
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al so provides an 30Fnformation input to Cr opr ocessor. her aenerator
condi t iRMiRYE Pk Begrdagioni dER)mombb fermavatkr xoterminali 0€hthBeS, a
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e

engine Is st and from auxiliary contacts of enerator circuit ¢

arted d
breamchQE?%B%ESEBEQUEPePSPéaPquEHS CircthEH R LEC 0Nt ABABEEMANeNt

magnet gideaRteal PMplesed! aaduianlalerd doors idiee 40N &F fak pover paeppl i ed
67. TQf ower sggglles-aae enen%%ge r1fron.1t e aircraft _battery _bus when a *
gener2BRI5E VOt C3P8Fat AhGNIs With otherrinputs te fe feser iBPfagesef r om

t he pﬂsﬂleﬂted&gﬂéquénhiaﬂ.&ycbblyne.(tieel _dxuMﬁﬂplmieF}rag&:dsm&' aé'ertfso i n which, *
as w ' ai_ll - at ase_average voltage is
dorl o HREFEL 5?@%#‘@%&2&#& Bl ' S IR eodeSseR  *he
m cr opridueeeh . dapavbhisagsdeinpu tsiogrigiu tl O{ I/0)d gt opesiB by t he
”1CrOBrOceSSQ§h$§eC?HPL@St%UEr%h@@&€%§“é¥t rgéhé”ézégs%é¥§%r§OQK8Eter 71
u ate i €l t for the ' IS

to tq% vol tage regulator. regu curren exci ter i
. shown 'in Figure 3) and coupled through peak holding circuits

60 to the multiplexer and A/D converter 57. Distribution

circuit line currents are also sensed by current transforms
and connected along with the generator current éignals to a
differential current comparator 61 which provides an
20appropriate input to the mictoprocessor in the event an
excéssive current unbalance occurs. '
The output of the_éermahent-magnet generator PMG is
senseéd with under and over frequency detectors 63, 64 which,
if the frequency is outside selected limits, provide signals
25to the microprocessor. Alternatively, the PMG output may be
converted to a digital signal and connected directly with
the microprocessors. A magnetic pickup unit MPU associated
with the constant speed drive 46 provides a signal to
underspeed detector circuit 65 which also provides an =
30information input to the microprocessor. Other generator
condition signals are p:dvided from a generator control
switch GCS, a cockpit control enabling operatioh'of the
generator control relay when the engine is started} and from
auxiliary contacts of the generator circuit breaker GCB and
35bus tie breaker BTB.



connect ed t hrough the:generator control felay 72 to the field wi nding of (:E)/
exciters49. A low voltage nmonitor 73 and a 15 - rotating rectifier short
circuit detector 74 connected with the field circuit provi de additional

i nptits to the. mcroprocessor. The phase rrents.at.various points in the % -
system are sensed, as by current transforners, and coupled to the 20 '
generator control units and the bus power Cohtrol unit. These generator and -
system condi tion inputs to the control units afford a basis for control
functions and prOV|d redu formation used in ch ckln system

ofret ati on. Figure 4 hIeuﬁ q’é‘?"gg ?E Ehe BeFBANSRE AREBS RMGis

provi di ng geneadser uaﬁdmai eforroriié tEOD interrmli powed tslm@pgﬂrua aors The

control unit 3 Q C 4 he, ref.erenc S
are those assogl g’?gd%lﬁ%ﬁ%ﬁg P#]té'g%ﬁé?ﬁ%grgﬁﬁ& §P F%@%so:bn%%ét%g%
with the ot her wjenc@ageneratire isirnettepératinge generator are neasured by
30 gengrator curr o} b e h ener.as or and
ground reference 17. q?%%éicurreﬁ?P %gn%gsgggggﬁgscg%pgh?'%%gﬁgsgfﬁgé 78 in
the | oad feederegglakion ane reonnegbedswith upltagensegudatiorh terin which,
ntrol unit 3@g Qi'fl.ﬁ.e@pi)éaﬂ: tie xﬁér?eba'étf@?lab@lé%”s&tﬁ&e@?m%éﬁ%§5

th bus tie breaker current transforner rrent flown
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feeder 79 i's sea&%rme:cmam '&Héirlﬁi@fcghpfoéésﬁeﬂDeched'o\Mtta@é e do16 PRYRAL
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transforners sense

15 rotatlng rectzfler short circuit detector 74 connected with
the field circuit provide additional inputs to the.
microprocessor. '

The phase currents. at various points in the system are
sensed, as by current transformers, and coupled to the
20  generator control units ﬁnd the bus power control unit.
These generator and system condition inputs to the control
units afford. a basis for control functions and provide
redﬁndant'infbrmation used in checking system.operationr
Figure 4 illustrates fhe location of current transformers
25 providing generator and system condition information to the
' generator control unit 30 and bus power control unit 42.
The reference numerals used are those associated with the
.« - left generator and similar sensors are used with the other
_ generators. The currents from the generator are measured by
¢ 30 generatbr current transformer 77 connected between the
' generator and ground reference 17.  Load current is measured
by current transformer 78 in the load feeder 79. These
current inputs are all connected with generator control unit
30. Currents in the tie bus 22 are sensed at the connection
35 with bus tie breaker 23 by current transformer 80. Current
flowing in the feeder 81 bétween bus tie breaker 23 and the



CIFCUItS 60. A speed signal for the tonstant speed drive 46 from
eyagneti c pickup is connected through a frequency to voltage conver#er
Simlarly the speed signal fromthe 15 pernmanent magnet generator 48 |is
ected through a frequency to voltage converter 87. The tenperature of
used. in the constant speed driv E)and for cooling the generator is
sensed at both the inlet and outlet’“of the |DG housi ng. Anal og  tenperature
signal s provide additional 20multiplexer units. Under control of the
n1crocoﬂﬁﬂﬂ@?tléﬁawaihnﬂhq[ﬂQﬁdﬂfQﬁQeseh%enslaehyeécbyscuheeQEnerator e

condi ti @RahBRBEheN® A ROHANUS W th Cﬂ{‘é‘%&&dp&%w%g&@&?a&ogﬁk 9' tal \"é

converter 57b_to an input of the m.croconputer
signal s may bE198&6nveshay sdiimeqanevha binogal debaidabliecdnpuss a@d

- m crocoghyt 8t tph tas dﬂfﬂr@atg@iuéﬁhéﬁﬁ%itﬁfsunptg' t@b tBRUESteftd: ;
swtc eghéﬁre cqQnnecte throu%aéen ut buffers 92 to m croconputer 55 These

i nput ud& AGxPFi G YReEALS of LEBNF i8I LeBaRrECR |
30generased anr@ugurhr6akemhi]&&ﬁubdnuhﬁafo@rQﬁgﬁ&lBTBepEEQ%h%h%r contro

I d l, b th th
closed ST 2tE8c bR e HUBEI AREEEE oRBIPGI ML iR IeHether o
i nput |ﬁaacandn§/DhGQmM§nbﬂnISIQ/tﬂ mn¢r¢competere55he Cheskant 35speed
drive a{'ﬁciﬁfiﬁo‘%et %r 19&”‘3 ulat oP2s '\98 @5 geg%gﬁaﬁe fhe

vol t age regul at or i on o ' cont uni at 70, *
t he ag%hgbélpﬂa§érﬁﬁuﬁégéﬁﬁanmtEﬁﬁkwmﬁcﬂn¢sgdaeeabpedcunramésagEcaens|ng

circuityRe, ras eEQ&Q@CEQQﬂéﬂﬁnﬁykﬁéééfﬁeﬁ@ éénse&”ﬁgn£Q§kaﬂ§lg ng o o

mul ti pl exer. he erraor signal described In connecti W th
connect EXF EHibEgROdi gft SPaRS FAnAL fRR ckherconstansurprag Jdumo?ta é6 97

where ifrom eHdesagaethie Pivkage L@%ﬁfé&é@&etﬁﬂguéﬁeasE%ﬁggﬂ‘é@t % with a

DU el e BB e 08 4 3L oS g Pt o Fr e cui
power 13 sesmapbhedmhygnelte geeveratot 48a0in®tconnected through a
' frequency to voltage converter 87. The temperature of o0il
used in the constant speed drive and for cooling the
generator is sensea at both the inlet and outlet of the IDG
housing. BAnalog temperature signals provide additional
20multiplexer units. Under control of the microcomputer,
analog multiplexer 57a sequentially scans the generator
condition inputs and the signals are connectéd.through
: anélog to digital converter 57b to an input of the
microcomputer. The MPU and PMA speed signals may be
25converted directly to ditigal form and cbupled to
microcompﬁfér 55 as indicated in broken lines.

Digital inputs, e.g., switches, are connected'through
input buffers 92 to microcomputer 55. These 1nputs include
auxiliary contacts on the generator control relay GCR,

30generator circuit breaker GCB and bus tie breaker BTB.
Generator control switch GCS, a cockpit control, provides
discrete input signals in both the closed or the open
position. An oil pressure switch provides a further input
indicating the availability of o0il to operate the constant
35speéd drive and to cool the generator.



" generator through the-generator contfol relay 72. The outputs of digital t%é%i/
anal og sonverter 71 and of output anplifier 99 are connected wth inputs of

t he anal og 15 mul ti pl exer 57a and are conpared by m croprocessor 55 with:_
the/desired quantities as a check on the gperation of the system Shorted
rotating diode circuit 74 senses a diode failure and provides an input to
the m croprocessor to operate the generator control relay 72. 20

Qut put s fron1n1cr0processor 55 .are connected through output buffers 100.

o POl "CuP3y SRPn L e FLAREL o RRERRlS 19 W il SERGLALSE
dlsconnectI|gﬂﬂonhmqnn0$rbhedeenarolsuaﬁtid@ﬂdwaﬁnd|genemabhmkmtt705 the
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nul tipl exer S573itH) the analo@oﬁm!ﬁh.ﬁibk@'i Wi ipth o *lﬁ:x*ﬂis %ﬁél C@é‘éé?ibéa' in

is provided through an interface 103" and_a serial ata I may

conprise a two SRMEGLIQR Wibhj Figugeqd: 48 sonnaahad & qgﬂvﬁkﬁlFﬁé to

c ntrol units Idhﬂci@rd@dvéﬁﬁétoml €6l ¥umling Yurktidie 97 Witetedieves added
ough the dat ent na dlffer HﬁgerUIt condé %ons

cont rol signals o%? HY €47 gﬂﬁ?af@ 89 &R rl'1 4 SPPRFREH

pewer control|pu1semwudEWEmadﬁmatonipruoosa tmdﬁednmvexiodlpuhganpthf1er
I ti

the dat sl nk. U SRHLERLAS FECTAVARE IS NP ot oAb GELTRREE v P BiS

nicroprocessorThemftnnd|¢ﬁeaultapdwdenﬁbtspp@Laedmhy(ﬁh&ﬂpenmnnentrmagnet

Synchr oni zi ng Oé}ﬂ?tlastcgf %ﬁ%ﬁﬁdtﬁgegﬁ%@a%&a% tfﬁhb“fﬁxgo""er

control unit c ate operatron o e systemcontro ock

signals are cofttRpts eEtdbgitalateurnedoy Weﬁéﬁroc@- md:rpfmgutmﬁve a
common ref er encing¥i S &¥ 199'9at & "Bonnected with inputs of the analog

15 multiplexer 57a and are compared by microprocessor 55 with
~ the desired quantities as a check on the operation of the
system. Shorted rotating diode circuit 74 senses a diode
. failure and provides an input to the microprocessor to’
operate the generator control relay 72. '

20 ' Outputs. from mlcroprocessor 55 are connected through
output buffers 100. The principal outputs include signals
controlling operation of generator co@trol relay GCR and
closing or opening the breakers GCB and BTB. A disconnect
light output provides a visual indication in the cockpit

25 that a condition exists in which the generator should be
disconnected. As an additional check on system operation,
the output buffer signals are connected through a

- multi-conductor connection 101 with analog signal input
- multiplexer 57a. - ' .
pr 30 Communication with the bus power control unit is

provided through an interface 103 and a serial data link 104
which may comprise a two wire twisted pair. As data is
communicated between the control units in a serial fashion,
only a two wire line is needed even though the data may

35 represent many different circuit conditions or control
sighéls. In the three generator system illustrated, the bus



The.rel ati onship of the bus power control unit 42 to the system

il lustrating the data interconnection with the generator control unifs 30,
h\, and inputs fromthe generator circuit breakers 18, 19 and bus tie .

Wakers 23, 1524 are |IIustrated in Figure 6. Mdre specifically,
gnsidering |eft generator ? q) auxiliary contact of the generator

circuit breaker 18 prOV|des an nput to BPCU 42. Another auxiliary contact

provides an input to GCUL 30 and the breaker is controlled by the generator

cont r opoweirt cops- Xl dusict imayl bhaveea fPhe Duilﬁle@maﬂWlQ@md \’.ﬁ
auxi | i t ??E L 2 and the tie
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GCUL aNGnMﬁMﬂQHﬂhXNFQmmEﬁ#@@ti©anBP€UthS|ﬁﬂhﬂ'hﬂﬂ&ﬂﬂts are provided for
the generat ora25Giduidl e BSKRT (Aataaﬁobﬂs ?0 \arawesm?fhg For | Gh

generatqor 16. Both generator control units 31 are conpected through
dat a SoBdEE ORFPCERFMS FRe pBELFIBLGXRK ﬁn@héeﬂi\%tﬁme%%rﬁ%mmﬂ The

condi t itQmedf diltewing! i asyn@@ﬁbachsngoaﬂ?eﬂaacé \Mrtah:s?ﬂt&lfedzaﬂﬁéﬁt@zﬁe and bus

. power ntr%[ r}é’t‘ﬁ if)row e rgdundant i nfor ma&l?i i ch | . checked for -
accurag? Yre 0 PE PP Rr BEYR T c SRRty (ﬁﬂﬂr HAtta links. ¢
Vol t agepara tdor et teassy stent soatddolluunics .| ees alfodie Biyieal s

i nfor u g r nect the tie bus
22 th?%% Eﬁﬁgﬁ %ﬂ?pé%ﬁﬁéﬁg;%gkggsgggg Emﬁa %%f% fﬁ?lar m%%ntacts
pnovﬂ@hngelqnnqmmqnEfﬁikﬂeneﬁdoAPSCUrsing fWQQRM|I|ary pomer breaker is

operated by %gzthéeb'u%l potet Rish ¥ R

comuni cati on et Ween t I ar ower gener at or COI’]tI’ un| t §2 and the

bus 5 ﬁmersymrwlmstn@tlisbecéaGa éﬂt@rrﬁamwﬁe!ron riﬁl‘élat'é@eat 107
may be genti=de WEHEASE @hiesaBd,i 319nahke 19{§BH§3| SeH@wer source is

connected t hrough external power contactor 28 ( EPC) mnth bus 22.  An
auxi | | SEPSEHHOR (C P He BxeakARs 18, 19 and bus Pie'breakers 23,

1524 are illustrated in Figure 6. More specifically,

L ]

considering left generator 15, an auxiliary contact of the
' generator circuit bréaker 18 provides an input to BPCU 42.
Another auxiliary contact provides an input to GCUL 30 and
-the breaker is controlled by the generator control-unit, as
'ZOdescribed above. The bus tie breaker 23 has . auxiliary
contacts which provide inputs to GCUL 30'and BPCU 42 and the
tie breaker is operated by the GCUL in accordance with
information developed in GCUL and information received from
BPCU. Similar circuits are provided for the generator
25circuit breaker 19 and bus tie breaker 20 for right
generator 16. Both generator control units 30 and 31 are
connected thréugh data buses 104 and 105 respectively with
the bus power control unit.
The condition of the auxiliary contacts connected with
30 the generator and bus power control units provide redundant -
information which is checked for accuracy by the control
units through communication over the data links. Voltage
and current measurements add further levels of redundant
information. '
35 Auxiliary generator 26 is connected with the tie bus
22 through auxiliary power breaker 27 which has auxiliary



10 power contactor provides an input to BPCU 42 and the control unit in
turn ope*ates the external power contactor. Phase voltages of the external
power provide an additional input to the bus power control unit. O her
inputs for the bus power control unit include 15 cockpit controls
representing a bus transfer smﬁtchg an external power switch and bus tie
breaker swi tches. Qutputs in addifi*on to information transmtted to the
-ACUs over the.data buses and control of external power contactor 28.,

i ncl ude coSgMtaciyRIevidingainpyta basBEGHt 4@ Raid MPSCINB 20 tThee

avBf | abi | i tanxof1 8 Prpdhe POMBEaker Ok BEBpEPSKREL bR (B df Asdded. be
provi ded. vgﬁr the ‘aircraft is on the g?gun , el éctrical "power is normally
provi ded from et R rPesUEER1BYOBLdrFokPENECRIMN iica L Qe ke RN 26.
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bus tie breakers RJFordcaref cépsernalhpowtbe iadichakld atgilEp wde 15é ar t ed

i n preparatj > o f t akeof f enerators 15 and, 16 _ar.e available to
swgl_yppow%’rr%ralt’fltdeerd t‘ﬁ%%‘%‘?%ﬁ}ﬁ?gagﬁg}ﬁe°§p§§3 PECKO/eved  SAPIHRS tine
t he el ectrisealrdensids cornecbedf thredghr ertensadxpeweal combarctsourd® or the
L ! S ; .
auxiliary geignaldicd G200 A8 QUkYPIa0GNEEALALY Bh WENIdME dRat | ©

breeakers_ 23, 35and cl osing generator Ci € event
of an entl POWGT RaTHragtRr (RFPvidesnan| ighut &Pl BPEHd42m@ndehe aprtmekd

from one ohnfifte ieNdiuth BpeLat §ENERS! BkBePhalll BBWRC BRI Ofpidige One
engi ne drlvengfnerat qﬂ%?geaUX|llary - generator 26 by appropriate

mani pul at i PG Preshal sPaRar gRreVALSr aBi Additt innadkekrput

~Figures 7 awrdthd IBusStgader i domPFre1dehatl the conbination of anal og and

m cr oprocessor signal_ handljng_i e voltagsege%ulator. Referring first to
n

Figure 7, the threeGhadPy t%@QSEF%rPfSaP oBtE@L\ut include

15 cockpit controls representing a bus transfer switch, an
external power switch and bus tie breaker switches. Outputs
in addition to information transmitted to the ACUs over the .
data buses and control of external power contactor 28,
include cockpit signals indicating a bus system failure and

20 the availability of external power. Other cockpit outputs
may, if desired, be provided.

When the aircraft is on the ground, electrical power
is normaliy provided from external power source 107 or from
the auxiliary generator 26. With external power, external

25 power contactor 28 and the bus tie breakers 23, 24 are
closed, connecting pbwér through £he loads 20, 2], Figure
1. With the aukiliary generator 26, auxiliary power breaker
27 and bus tie breakers 23, 24 are closed.

When the aircraft engines'are started in preparation

30 for takeoff, generators 15 and 16 are available to supply
power after the appropriate'ehgine speed is achieved. At
this time the electrical loads are transferred from the
external power source or the auxiliary generator to the
engine driven generators by opening bus tie breakeré 23, 24

35and closing generator circuit breakers 18. In the event of
an engine or generator failure in flight, all loads may be

&



v&raging circuit 95 and the anal og average signal is 10 connect ed’

fough a |l ow pass filter 110, filter 96 and analog to digital convePter

to the mcroprocessor. Figure 8 il I'hstrates in functional block form

AMe voltage regul ator related signal paths in the mcroprocessor. For
normal generator regulation, the three phase average vol tage 15 S

“conpared with a reference at summng junction 111. The difference is :
i nt egr at ed el LG n (el e iHe EVRAE ghe | Q9 GGl GUI t
113, digi talegpto ana gghg%nggrgt ére %%Qar?a{dalg{aﬁ 0g sw_tﬁelaﬁgg‘gpgnslgngﬁt%%%u;z
summi ng j unCoRiHi et igmeofy Ehagengh&ag ing drjdeen @enerater 1andj suxdliary™
connect ed t ifeHEin EoR! 96 SY‘Eﬁ?;éﬁ?ﬂ#ﬂé"ﬁﬁﬂﬂdﬁﬂaﬁfﬁhﬂoﬁftﬁé”ﬂhﬁgtﬁﬂnCt'On
97. The output of sunm pg-junction 97 is connected through a filter 116
with the pJ%&?%ﬁ%ﬁ% AR LISRBF 88T, fd G PEEANSG S er 99 of Figure 5 to
provi dg a reg“'ﬁtaﬂi%EFfSPV ?ﬁd Bh?lm“gﬁ”atéiiﬂ(hﬁf?S?Ft%iltthﬁhe ' t
m croprocessor .has_addi ti gnal _Lnputs representin e highe ase_cur,ren
120, hi ghes CHIRANA CHPR 88 $9315H PG JOCTHRRAFSRTIS IBAL HAREd 108 4y
addi ti onal ntesaoltagper néguhabbri.he Refieragng dhit sit oko t Bigqurenipdahe

abnormal congdjjj.ot h k hase r f | f 30 %
hi ghest - pharslg'1 {/éo?%%sgeg?gggpgﬁe@idyg%nagﬁ 3’?%@%%%%82?@ g&%’ﬁed at
junction 12avemagingocirendkdd%i andngheuamnalod iaverage t $ignadr st er .
descrizbed i SLedgn . aU: Eﬁﬁﬁpt- , 3 : n be had
to thﬁgﬁpatgﬁ%hyor a fﬂ??_%?hdgs%§Fb ion(ﬁf%ﬁﬁgﬂéﬁquﬁﬁieéﬁegﬁigﬁé current
35 linit®fnalog terdigital epnyesites & Phde the microPRecgEReFat or, the
average phaspidiigag {1pastihtes 1H0 fudtidifal BIBER CBomhi EheshBlkdgeot be
coupled to the exciter field_current: c Q%%QI. his condition also résults
in a high pffghiator cﬁ?%@ﬁ?ddét"&’@éﬂﬂ?& g MASHORFPERSBPEvi dE9Ta
nmode controlncyndbl génepatorapagadatiicm;h thied . thifes pleadycavébrgay eoddage
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difference is integrated at 112 providihg a voltage error

connected through logic circuit 113, digital to analog

converter 71'and analog switch 114 to an input of summing
" junction 97. The averagé phasé voltage from filter 110 is

20 connected through analog switch 115 with another input of
summing junction 97. The output of summing junction 97 is
connected through a filter 116 with the pulse width
modulator 98 and output amplifier 99 of Figure 5 to provide
a regulated current to the exciter field.

25 The microprocessof has additional inputs representing
the highest phase current 120, highest phase voltage 121 and
lowest phase voltage'122.' These afford additional modes of
operation of the voltage regulator to accommodate abnormal
conditions. The high phase current and a function of the

30 highest phase voltage, established by function block 123,

' are summed at junction 124 providing a field winding current

- limit of the character described in Dhyanchand et al. U.S.
patent 4,044,296. Reference may be had to this patent for a
further description of the nature of the field current

35  limits. ' | '



controlling the field current. 10 ‘ In tthe event one phase voltage-g.3
s |ows the regulator will try to establish an excessive field current.

+ This condition is sensed by conparing the hi ghest phase voltage with a
réference at summing junction 127 providi h§ a signal to |ogic circuit 113

and limting the control signal to the 15  exciter field. The highest

phase vol tage and | owest phase voltage are conpared at sunmming juncton 129.
VWhen the difference is excessive, conparator 130 has an out put” which opens

anal og switch 114 regdycj aj or, 4 Vv : '
dernecting resistor ggltp% %Rgngi Pgw .SI%es(Bg{rags\gegn s‘sﬁgeféqmé 8¥%§8F5P5I’
from att enpt i nghe oaveragkei phase sigaadi faom did tar rkkf . imhbudésr barnondser

based gener at g0l EHEuRA"RELOBE! Sbulleld (PRl A {TUP £O0Ph L AORLMN ©

accurate 25 Wormat | on concerning generator and dj Siributlon system
condi tions tha#PRErelact ThAF GPRAiLfiRar @LFO desWiin|in mighrBha8eessor's

al so haveg a gr@atpéntodeteeBabblyl tompadator WAF WiKEih Vhidyiged i hede
circuits. As a resuié,,the el ectrical systemis era edéahth | ess breaker
cycling and 30COnt¥Qbepignpyi e PﬁﬁérﬁﬁﬁiQQu§W¥ﬁéﬁrﬁﬁé¥t) 18 cRERQERS\thR
Qgi or control saveragdbvoltaydbihput Arofi eiinmedn|9DENEING | SPs®éfl continues
Istribution sgstgn1hﬁving ak Iggst twgigenerators wherein at % ast one of
t he generators ?steBhRhaePY? B oF:(s8 i%rQQH(ﬁEﬁWeFQEWEﬁaf circuit
bt eaker, and téentoatlling ther €defld suraemdct ed to t he ot her generator or
generatgrs through aq.e tEl Lat 0 ' -q#ﬁ ' QUS L4
whi ch s?il's(fem i's prov?ﬁegg\%’ thgkcgh?r gh (§J=r Q‘ch:"oln r ?Infsngl%é %%grgéggjﬁg(%?r
the generatorswhhll trg Hporestabiish poexcessive s ieldernreents (Bhise
load circuit, S844i€98h' 2k sensed by comparing the highest phase voltage
' with a reference at summing junction 127 providing a signal
to logic circuit 113 and limiting the control signal to the
15 exciter field. - : g
The highest phase voltage and lowest phase voltage are
compared at summing juncton 129. When the difference is .
excessive, comparator -130 has an output which opens analog
switch 114 reducing the gain for the voltage error signal by

20 ‘connecting resistor 131 in the circuit. This prevents the
regulator from attempting to establish an excessive field
"~ current. ' '

The-microprbéessor based generator and bus power -
contol units correlate more complete and more accurate
25 information concerning generator and distribution system
conditions than is practical with a hard wired contol. The
microprocessors also have a greater logic capability than is
practical with hard wired circuits. As a result, the
_ electrical system is operated with less breaker cycling and
3 30 - fewer service interruptions than-have been achieved with
prior controls.



rising: a mcroprocessor generator control unit* for a
.‘%&)CF-.,Qprocessor bus power control unit; 15 nmeans Hm;mﬂmﬁ“mlmmput
of Jeach generator with an input of its associated gener ¢ cantmol suntt fo
vduse the generator control unit to respond to generator conditions; means
connecting an out put of each generateil620 control unit with its associ ated
generator to control the operation thereof; means connecting inputs of the
bus power control unit with the electrical distribution systém fo enable
25 the bus powekAEMBtrol unit to respond to distribution system conditions ™
serial data links interconnecting the bus power control unit wth each of ™=
the generator control units to transnmt generator_and distribution system
30 condition ihfornARi ehegkdicadt GenaFA {1 Ut SALFPRIPYREOBRO/SYEER NI t s

to correl ate opgyahyoRtOlehBe ¢l Igiindititdys ArwheRaDs aenDeskingnihe
generator circuit preaker and the bus tie breaker to r sgond to the outputs
y

of the generat®f HHE B88epaROrscd CANNRRLSE &0 Rt19RFyC1rcui%. (o connect.
the load circuthrdugh angedeeatort kd raaney Hxrsske?, and it @Badccording to

claiml ip which_ the _bus power control .unit erates the bus_tie breaker. 5 |
3. - A sy3tem StESP4FNGSt %ogpﬁﬁ%le%:)r ccﬁ?n%goﬁpeﬁ n?e??\rexﬁ?fhofhe generator g
control units gpreattorbetheoaght @an clextridakakestributidnspaseand .

di " | : ; . . e h .
of ‘the 10 ci FeRRP Shd BreisRen St SRRARAY BESRERSk RikE B e

control for controlling the operation of the

generators and the direction of power from the

10 generators to the load circuit, said control
comprising:

a microprocessor generator control unit for each
generator; '
a microprocessor bus power control unit;

15 ~ means connecting an output of each generator with
an input of its associated generator control unit to
cause the generator control unit to respond to
generator conditions; _

means connecting an output of each generator

20 control unit with its associated generator to control

the operation thereof;
means connecting inputs of the bus power control

unit with the electrical distribution system, to enable
the bus power control unit to respond to distribution

2 system conditions; . _
serial data links interconnecting the bus power .
control unit with each of the generator control units
to transmit generator and distribution system &
'30 ¢onditi¢n information and control unit outputs among

the control units to correlate operation of the
control units; and '
means connecting the generator circuit breaker
and the bus tie breaker to respbnd to the outputs of
the generator and bus power control units selectively



o

power control unit. 5.° A 'system according to claim ' ' S
responsi%e to the state of the circuit breaker to proﬂl”mm"mllgmnﬂme
generator control unit and to the 15 bus power contrel unid. ®6. s Am

el ectrical generation and distribution systemhaving a first generator
connected to a first load circuit through,a first generator circuit
breaker, a second generator connected to a second load circuit through a
second gener at.or circuit breaker and an 20 auxiliary generator wherein an
electrical distribution bus i'nterconnects the first and second | oad
ciuits and the auxiliary generator through first, second and auxiliary

bus tie breakers respectivel Lch system. s .RkrOV] | t ntrol for
control ling the -{%pg?%P?Sﬁ ﬁ?erﬂ8a§eﬁ§F§P&Fs“%ﬁﬁ‘fﬁgﬁgFﬁ%c |g%ﬁ%f .25
power fromthe ge@enefaterSO the | oad Eircui%g, said control conprising: a
m Croprocessor gegeratQr o] far ea I at Pl ' essor
bus power controIEUnitg ﬁgggéﬁcéﬁ%§5?3n8 g% ouf%ﬁ?éb?lgggﬁﬁggkgégﬁgegmﬁth
30 an input of itBowssocPntedlgunitapperases: dheuhus toie RERREFE- gener at or
control unitgto rgspon e digty ; '

5 sp o ko @i%h rétedBRgScERMMGCLANY
ags out put of eacth(_anegatg ?gggntarégp S%IBP W t h i_t.seraspsoci%t ed g%nerat?or to
control the- oper awhbght hBeegenerasns contEeli Ml RRSTALR HEBus pover
control 5 uni bepbihebbecelealti pabattiexl.r i bution system to enable the

bus power control“unit to respond to _distribution . .
_ _ : 4, A system according to any preceding claim,

including means responsive to the state of the
10 circuit and tie breakers to provide inputs to the bus
power control unit. )

. 5. A system according to claim 4, including means
responsive to.the state of the circuit breaker to
provide inputs to the generator control unit and to the

15 - bus power control unit..
| 6. An electrical generation and distribution system
having a first generator connected to a first load
circuit through a first generator circuit breaker, a
second generator connected to a second load circuit
through a second generator circuit breaker and an
20 auxiliary generator wherein an electrical distribution
bus interconnects the -first and second load circuits
and the auxiliary generator through first, second and
auxiliary bus tie breakers respectively, which system
is provided with a control for controlling the -
operation of the generators and the direction of
., ' power from the generators to the load circuits, said
s control comprising: _
a microprocessor generator control unit ‘for each
generator; ' | _
a microprocessor bus power control unit;
means connecting an output of each generator with
30 an input of its associated generator control unit to
cause the generator control unit to respond to
generator conditions;



" ssystemconditions; serial data Ilnks 1nterconnect|ng bus power control
%’i t with each of the generator control units 10 gm’ "JHH’]Mtor :
,ang. di stribution system condition i nformation and co

ng the control units to correl ate operation of the control units;* and
means connecting the generator circukjgbreakers and the bus tie breakersto

. respond to the outputs of 15 t he generator and _bus power control units
selectively to connect the load circuits with-any one of the generators. 7.
A system according to claim®6, in which .the output of the bus power contdlny
unit operates the bus 20 - tie breakers. 8. .A systemaccording to cIarﬁ?J
6 or claim7, having an external power source connected with the electrical
‘tie bus through an meedms rlabnm)@meingoahaohmputl fMdadh thendastppower contr ol
unit operates th ern [ contact nmet hod of rolling
t he gener at or é’d’grra‘ﬁ o"H”a %%?589&1 %8&,9&{‘%}}35 eﬁ‘%c‘f??g Pl
generati on anc:h dperaitiom thereafhaving a first generator connected to a
first load circuit 30 e r A | -
second gener at or cd%né%¥g§°€%£g£§égo Bpﬁo%dqgrﬂﬁﬁtéq%fﬁgé%pasgég%ﬁé

gener at ci r auiitt brisdkethe aglieahragail dasyrg@mnazmrsymer toaenable

el ectrical ti %ﬂ’%ﬂ@;ﬁé&@;ﬂ@&ﬁﬁrfﬁfeuﬁﬂﬁ% aRdg o to ldistMbutPonld-
second load circuits e auxiliary generato rough #|rst second and
auxiliary busSM%#QWeﬁﬂ@ﬂ%tl@ﬂévgenerators and bus tie breakers being »

controlled by m trQuOLLP @4t CDEAREOR ne@RHRIndt il ¥Ke BWus power

control unit with each of the generator control units

o

10 to transmit generator and distribution system condition
information and control unit outputs among the
control units to correlate operation of the control
un1t5° and
. Mmeans connecting the generator circuit breakers
and the bus tie breakersto respond to the outputs of
15 the generator and bus power control units selectlvely
to connect the load c1rcu1ts with any one of the
generators. '
7. A system according to claim 6, in which the
output of the bus power contol unit operates the bus
20 tie breakers. _ ]
8. A system aéCOrding to claim 6 or claim 7, having
an external power source connected with the electrical
tie bus through an external power contactor, in which
the bus power control unit operates the external
25 -power.contactor. ‘

9. A method of contro;ling?tﬁe”Qeneratbr operation

”-’!';'4 t."

and the power distribution of an electrical generation
and distribution system having a first generator
connected to a first load circuit through a first

30 generator circuit breaker, a second generator connected
to a second load circuit through a second generator
circuit breaker, and an auxiliary generator{ wherein

an electrical tie bus interconnects the first and



5 m_croprocessor bus power controt uni-t respectlvely

conpri ses the steps of: operating each of the generat ﬂlm m“ﬂn@ “lln
.accordance with conditions of the associated 10 . gener fe L@ COn sol t he
generator operation; operating said bus power control unit in accordance
with electrical distribution circuit condil®rons: and conmuni cati ng
generator and distribution circuit 15 condition and control information
between all the generator_coptrol units and the bus _power control unit to

control the circuiteSARAphead| €1EFuaksr anfy the AR IAE FERRRAFQT one of
t be? generators to gmebugh fhestpagdecord ahd aAkiqlietty iMa RIS AEAKErS,

system i ncor porat i a control syst susbst anti al | descri bed h n
with reference to {lﬁ% %‘?%%f%b%rsm’agm?% Gf"et% iﬂt’?%ﬁmh%’?ﬁ:%‘h
reproduced by phdﬁpamwmgroéésseppgeﬁeﬁhso@r |cgmtaioltynﬁsw|amd by It may
contain a few anendment difficult t

h |
o otr ot s A RS2 dBLELOR R bEY' ot rd it Fediadhiliv . o

the Patent O fice which method comprises the steps of:
operating each of the generator control units
‘ ' in accordance with conditions of the associated
_; 10 generator to control the generator operation;
operating said bus power control unit in
~accordance with electrical distribution circuit
conditions: and
communicating generator and distribution circuit
15 condition and control information between all the‘
generator control units and the bus power éontrol unit
“to control the circuit and bus tie breakers to deliver
power from any one of the generators to each

of the loads.

20 10 An electrical generating system incorporating a
control system susbstantially as déscribed herein
with reference to the drawings.

The text of the specification has been reproduced by photocopying the a.ppliéants original
typesoript. It may contain a few amendments which are difficult to read. The original
typesoript containing these amemdments may be inspected on the premises of the Patent Office



