1 Title of the invention An electrical power supply circuit in an aircraft
for electrical equipnent including a de-icing circuit. 5 Background of the
invention The invention relates to supplying electricity to electrical
equi prent in an aircraft engine and/or its surroundings. The field of
application of the invention is nore 10 particularly that of airplane

engi nes, in particular gas turbine engines. hbvertheless, the invention is-
al so appl i catilte & @fhelhecdpiveimteingi nes. The term"el ectrical equipnent
in an aircraft engin LN 1 rroyndi ngss, i s, u d t over not
only 15 ele%tnéia Eﬁ%ﬁﬁ%ﬂ§%W%ﬁu§prﬂﬂ§g u rf%n% |?%§E?%£te§8%ne to

oper at e, buelaqﬁxuﬂainaqumnmanpn4nnﬁud£mgo@|é@eﬂcmnghCLheuehg|ne nacel | e,
such as, for exanple, de-icing or anti-icing electrical circuits such as
circuits for nacelle ant|-|C|ng (NAT) or actuators for 20 use in a

t hr ust - Peve B4 ¢ AAPSERYTRECOS) or el ectromechani cal actuators

for use in elect rnrféallrwyntitcn r@&%@@sa@éugﬁppnygﬁ@té@éc{:ﬂ%@y ter a gas
t ur bi ne alrplagﬁ en% even CIrCUItS aSSQCIate he wing carrying

the engi ne G 1030 3hkeC5s magaae.évﬂéoar 146t -i ci ng

el ectrical @urnmdnﬂlngs. A traditional scheme for producing and

distributing ele Wd &4t r S turbin 11 Rl Lpe. |s wn in
Figure 3. Two geﬁtra?%ﬁé‘gf%gkﬁ¥%%§% £$m§£ ﬁgnﬁﬁﬁggggéﬂt e ?%Q%urposes
of redidfdanppréricoflagpni hathgd el yeherat ¢onivésel eot PrEtiguldepgnadi ng on
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113 that is nechanlca y coupled to a turblne shaft of the engine. The
generators EPPAIcEPlE fie heddicantsr 33 BReer/ generators (S/ G conprising a

synchronous The term "electrical equipment in an aircraft engine

or in its surroundings"™ is used herein to cover not only
15 electrical equipment that is useful for enabling the
engine to operate, but also electrical equipment
associated with the engine nacelle, such as, for example,
de-icing or anti-icing electrical circuits such as
circuits for nacelle anti-icing (NAI} or actuators for
20 use in a thrust-reverse cowl opening system (TRCOS3) or
electromechanical actuators for use in electrical thrust-
reverse actuation contrcl (ETRAC) for a gas turbine
airplane engine, or even circuits associated with the
wing carrying the engine, such as, for example, airplane
25 wing de-icing or anti-icing electrical circuits.
A traditional scheme for producing and distributing
electricity from a gas turbine airplane engine is shown
in Figure 3.
Two generators 11lla, 111b (or more than two for the
30 purposes of redundancy or of optimizing the generation of
electricity, depending on the application under
consideration) are mounted on an accessory gearbox 113
that is mechanically coupled to a turbine shaft of the
engine. The generators 1lla, 1l1lb are typically
35 starter/generators (S/G) comprising a synchronous
generator that is associated with excitation and that

delivers an alternating voltage at a frequency that



generator that is associated with excitation and that delivers an
alternating voltage at a frequency that 2 varies as a function of engine
speed, the exciter assenbly and the synchronous generator being controlled
to operate in a synchronous notor node when starting the turbine. 5The
alternating voltages delivered by the generators 11la, 111b are conveyed by
lines 115a, 115b to an electrical network 117 for distributing electricity
on board thegaaiepl apea fehetied bd andihe specdigartdenetsworder. A circuit 119

ol erearnoRBtgnbE " abk 28 1OnERNRRLE] dhlS i ARS  Wncih e | ver S

alternating curreé regulate ernating voltage, typically at
115 vol ts AGo(vaeyabe 280aVaynchEomeslsoMokere Mot Wlan it tiuges thEhe
circuit 119.gl-§9,@0wners a voltage converter 121 that delivers a regul ated
direct 15 current (DC) voltage, typically 270 volts DC (Vdc) or 270 Vdc on
one or Rore busedheTRétesneiddyd Fotlitggesd oy ieeed RLithe BRRSHRFCESL power

different eheghrigahpl aads convegad biyha idjespliane, MAISY vt md he fusel age

zone thereof. 20Associ ated wit he engj.ne, .a full authqrity. engine control
init (EQU THSCPELROtePEa ey e [ddnera o SE5 DR B L B one hagnet
gﬁneEgbo54gbpaedrahenhlmpg?ab,ak@ﬁknaﬂxﬁ toPhl) tieuritcec-teratche gearbgg SﬁS.
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proper LY socbongctsdt he &hgi Adnigss 1Ade,r dddhedied isfraed ali|rnatiqg fi ci ent
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that require Limted anmounts el ectri ._power. At present..there is a
trend tgmaragapggpagpﬁgerter QZl E%at dgil ers a reg é%eé]dlreé%

15 current (DC) voltage, typically 270 volts DC (Vdc) or

+270 Vdc on one or more buses. The voltages delivered by
the circuits 119 and 121 power different electrical loads
on board the airplane, mainly in the fuselage zone
thereof.

20 Associated with the engine, a full authority engine
control unit (ECU) 143 is powered by a generator 127 such
as a permanent magnet generator or permanent magnet
alternator (PMA) mounted on the gearbox 113. The ECU 143
is also connected to one of the circuits 119, 121 e.q.

25 the regulated alternating voltage circuit 119, so as to
enable it to be powered properly so long as the engine
has not reached a speed that is sufficient for enabling
the PMA 127 to deliver the required electricity, or in
the event of the PMA failing. The ECU 143 makes use of

30 the electricity it receives for enabling its components
to operate and for exciting various elements of the
engine such as sensors or probes, actuators or servo-
valves that require limited amounts of electrical power.

At present, there is a trend towards replacing

35 hydraulic energy more and more with electrical energy for

actuating various pieces of electrical eguipment in an

aircraft engine or in its environment. For example, some



35 hydraulic energy nore and nore with electrical energy for actuating
various pieces of electrical equipnent in an aircraft engine or inits
envi ronnment. For exanple, some 3 airplanes are fitted with

el ectrically-actuated thrust reversers 137. Thus, the circuit includes
AC/ DC converters 133 having inputs connected to the on-board network 117
via electrical power supply lines 145, 149, 5 151 and having outputs
connect ed t aisydhars elwectfiitcadd thitiste Ieyer besl 1g+aabdaakgotheustati c

equi pnent, such as circujts 153 5 for_de:icing.the engi nacel | e and
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the inventi GAEPEAT dbject! He FEVERTONCRS EBIPREVIEESER SePBE: A€
power suppl witig @sirdryiial tdeesempingr esent such a drawback and that enabl es
a plurality of pigces, of. electric equi nt.to b owered in an aircraft
engi ne and/or in-i %5qg}%%ﬁﬁ%ﬁ?uxéﬂéﬁﬁ#ﬁgfg%jE%?mighgc nggékb?nan
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Object and summary of the 1lnvention

20 An object of the invention is to provide an
electrical power supply circuit that does not present
such a drawback and that enables a plurality of pieces of
electrical equipment to be powered in an aircraft engine
and/or in its surroundings.

25 This object is achieved by an electricity power
supply circuit in an aircraft, the circuit comprising a
network for disttibuting electricity on board the
alrcraft and powering electrical equipment situated in an
engine of the aircraft or in the environment of said

30 engine, said electrical equipment comprising nacelle
loads connected to a DC voltage distribution bus, said
bus being connected to a voltage converter circuit
powered by said distribution network, and the power
supply circuit further including a power supply generator

35 integrated in the aircraft engine to power a de-icing
circuit, said de-icing circuit comprising at least one

electrical resistance for dissipating electricity



4 possibly returned to the DC voltage distribution bus by at |east sonme of
t he nacel |l e | oads. The circuit of the invention thus makes it

possi ble to reduce the |l ength of cable for conveying electricity 5 to the
de-icing circuit. Furthernore, the cable4conveying electricity fromthe
electricity distribution network on board the airplane may be of small
dianeter. This nmakes it possible to optim ze the weight and the bul k of the
cabl es. In pddistiibdly, rdmrded donghe rlitolih goedi siotibupbse lany parti cul ar
regul ati on %%nsltera%itnts%m%n%fcq:@lseqﬁecpéI]ye tfga(%)v\er supply generator my be
of a configuration that 1s si mﬁ e, ro]bust, conpact, and light in weight.
Furthernore, theflde simruidedt ¢hmvirenelaetihivalnakss sttneessebbe

dedi cat ed sQlelyedRelRrdll SURAH Nk tha, Bl eedF i Sddve §18d SREHLiEEYrned to

the DC electricity distributiion bus by the electrical actuators in the
nacel | e5 Thit® fulet Ko iCddg &6 5@light B el R3 r¢3P1§ to be saved.

Advant ageoil%bhve%dir@ @2-dcdiriG ity Ciidm i@]@cm@@ﬁm:alz@y dﬂi@’@i:ilyut%)]ﬁai d
power supp enerator to receive an alternating volta . e circuit
of the i VRGOSR TR SRaBIbe @ da 1A BTY dOF (O vHIEh | S1 3P EF Y-
resistive) tmhirseoaiknes an gdserindid ng wght agezeM thwuteidiet abheérhlaei ng

vol t age bei 5 transfar inta.a v, g _ i r | osses
to be reducg)gllécn fﬁ% l?cicr?gﬁt%hse' siOIzne %@dlf%éeﬁﬁ%%%ff%&cggﬁgﬁ )

Accor dilfly t closrsomiedr ifmpmie @nyf Rt prebent reguedtiom, cers drpbnes sudpl y

generator | %o%s%‘%ﬂf-e‘}ﬁt ed 3 yRund- rQige) GeNE M O or may bdNegpower supply

generator is thus sinpl’e and robust. Advant ageousl y, the power supply
circuit inclogdds g rsdeen &ia thelgh etitgeler AP UT PMVOMRRRaNI 23F glﬁB’&pl ed to
33 sai d powam SRt .0eTenAirnsal J e fanEatnaageed geneaasoanbeing
desi gned tc)e %Vc\:etrri%tall er%sstisc%:%%ceen%on%e dedicated solely to
15 dissipating the electricity that can be returned to the
DC electricity distribution bus by the electrical
actuators in the nacelle. This further reduces weight
and enables electricity to be saved.
. Advantageously, said de-icing circuit is connected
20 directly to said power supply generator to receive an
alternating voltage.
The circuit of the invention thus enables the de-
icing circuit (which is purely resistive) to receive an
alternating voltage without the alternating veltage being
25 transformed into a DC voltage, thus enabling power losses
to be reduced and reducing the size and the weight of the
circuit.
According to another feature of the present
invention, said power supply generator is a dedicated
30 wound-rotor generator.
The power supply generator is thus simple and
robust.
Advantageously, the power supply circuit includes a
permanent magnet generator (PMA) mechanically coupled to
35 said power supply generator, said permanent magnet

generator being designed to power at least one engine



5 control unit (ECU) for electronically regulating the engine. Thus,
t he permanent nagnet generator (PMA) powering the engine control unit (ECU)
for electronically 5 regulating the engine is shared with the generator
powering the de-icing circuit. Thedat | east one engine control unit
(ECU) is advantageously connected to said permanent magnet generator to
receive an alternating voltage. This 10 enables the circuit to be
sinplified. cédvantlagedus| (ECUHaift perimmentnieghky gegetat ongpdhers a
plurality of gfne control units, the units being for exanple powered via
interface mea Accordlng to a feature of the present invention, the 15
power supply geném@ﬁorhh?aPQMMﬁRﬁRQnmﬁgmﬁﬁﬁﬁ¢@E%@HOEaKHM%érﬁﬁﬁéﬁ@nﬁagnet

generat or COLLLIRRNGS (@i REN MRNEN (FEgNeto St 808 PFos At WpuNd- 1ot or
nachlne It I1s thus possible to save on one outlet shaft fromthe accessory

gear box> 20AG@ICAdESUSNE e oviet TRty €T FRUFES| BRTEERECT an i nput
connect ed t @okRe i®lgeaind @d-A ¢lirsd rd i on. network to receive an alternating
vol tage, sald voI age canverter being connected. to s iLaput to convert
the al ternating v iﬁﬂﬁﬁ Qﬁ?tﬁpéaﬂaeﬁ%ﬁﬁt?% ?§l§5qﬁ¢g ri-Bution network
into a DC vabWag&agmmmsﬂy:ﬂmdﬁﬁtﬁaﬂ el saed | pgrmanvent agegdeti vered by said

‘converter t l%%éggﬁﬂgtzgg%éiégr%#*%%égkééﬁﬁP%y%?}t%gg C|@ﬁ t t hus makes

it p055|ble ave a secure elec ein t e vicinity of
the endOne s@afodespder iy dwidds-9 rh%gﬁtmﬁéhlftﬁ@he engine or situated in

its vicinity, w hlyQRlosgReidiK d0id Nee BhBEeRt cmaegn@@t egehtsraaotoard the

aircraft sufficing to_ensure t"hat electricit |s avai |l abl e on the

,electr|C|tyPﬁ§FW§r@<ﬂ=Wqﬁikﬁﬁy9ﬁae¢Q&Q%é?%% ol RRIEBnvEREeFRESR be

being for example powered via interface means.
According to a feature of the present invention, the
15 power supply generator is a wound-rotor machine and said
permanent magnet generator corresponds to a permanent
magnet stage of said wound-rotor machine. It is thus
possible to save on one outlet shaft from the accessory
gearbox.
20 Advantageously, the power supply circuit includes:
an input connected to the electricity distribution
network to receive an alternating voltage, said voltage
converter being connected to said input to convert the
alternating voltage supplied by the electricity
25 distribution network into a DC voltage; and
a switch for delivering a voltage delivered by
said converter to the DC voltage distribution bus.
The circuit thus makes it possible to have a secure
electricity node available in the vicinity of the engine
30 for powering loads integrated in the engine or situated
in its vicinity, with only one link to the electricity
network on board the aircraft sufficing to ensure that
electricity 1s available on the electricity network of
the engine. Furthermore, the converter can be
35 dimensioned for all of the electrical equipment with the
exception of the de-icing equipment, thereby reducing the

size of the converter.



35 dinensioned for all of the electrical equipnent with the exception of
the de-icing equipnent, thereby reducing the size of the converter. 6

The invention al so provides an aircraft including a power supply circuit as
defined above. Brief description of the @rawings 5The invention can be
better understood on reading the follow ng description given by way of
non-limting indication and with reference to the acconpanyi ng drawi ngs, in
which: Figure 1Ths ankeghlipndiedgoampravicled en ¢fiz sl emcduding he

nvention fBh,ELeChELST! LY AR 130 R eNtdiplyd N equi prent in an

aircraft engrne an Its surroundings; Figure 2 is a nore detailed view
of an equi pnent of a electrical power supply device of Figure 1; and

15Fi gure 3, gpdeser Hhedrabeven b¥ anki ailawidiqgrammatic representation of a
known sche I STT1bu |nqqele tricity in agggircraft.

Det ai | ed descri pfP8niBVeBE6A Maft SoPIHE TYPOD R gHE Y s a
circuit di aghamebonoeliaet degaldiptponeyivgand, aent raf Iiorg-lainsietidg of pieces
Sur roundi ngaPORAA5aPR CaRar R 2625E A Dt i IS & GRUTURBIIAL ai  pl ane
engi ne. 25THeawiingsi,t iof whiighre 1 conprises at | east one
Figure 1 is a highly diagrammatic view of a system
10 of the invention for electrically powering and
controlling equipment in an aircraft engine and in its
surroundings;
Figure 2 is a more detailled view of an equipment
of a electrical power supply device of Figure 1; and
15 - Figure 3, described above, is a highly
diagrammatic representation of a known scheme for

producing and distributing electricity in an aircraft.

Detailed description of embodiments of the invention

20 Figure 1 is a circuit diagram for electrically
powering and controlling a set 5 of pieces of electrical
equipment 5a and S5b in an aircraft engine and in its
surroundings, in particular in association with a gas
turbine airplane engine.

25 The circuit of Figure 1 comprises at least one
generator 11 such as an S/G mounted on an accessory
gearbox (represented by 13) that is mechanically coupled
to a turbine shaft of the engine {(not shown). The
alternating voltage delivered by the S/G generator(s) 11

30 is conveyed by one or more lines 15 to an electrical
network 17 for distributing electricity on board the
airplane, referred to as the "on-board network". A
circuit 19 of the on-board network supplies one or more
distribution buses with an alternating voltage that is

35 typically regulated at 115 Vac or 230 Vac and at a
frequency that varies as a function of the speed of

rotation of the turbine shaft. The circuit 19 may also



generator 11 such as an SI G nounted on an accessory gearbox (represented by
13) that is nechanically coupled to a turbine shaft of the engi ne (not
shown). The alternating voltage delivered by the S/G generator(s) 11 30 is
conveyed by one or nore lines 15 to an efectrical network 17 for
distributing electricity on board the airplane, referred to as the
"on-board network”. A circuit 19 of the on-board network supplies one or
mor e di stri bowieonabusds awiet lccmveattteer neitfenivoll affer téat iver8sgt gpical |y

regul ated at 113 ,Yaq 9 %%%Eﬁﬂéf‘ ﬁ%ﬁ?&i§ n@actgftiyﬁﬁi@acaéna

function of tg%e Speed of rotation e turbine shaft. The circuit 19 may
al so 7 powepng ¢8| rege ERPesrt erThg realtagas fpFodared Py ngha FégGrated DC

vol t age, typigcahlly 237QoWdG a2 cis/dodds ONe ©fie NPhSe DH§ESzohBEO¥OLhAgES
produced by the _circuits 19 and 21 power various |loads in the fusel age zone

of the Sairpr&R&ane- In accordance with the invention, the power supply
circuit conprisegdn iakcassReicai iWvirtiw the tievengl ae, (tepreseareduppl®3), a
power supply.generator 27 integrated in the air n ngj 0 power a
circuit 5a %6%8Pl§néﬁoﬁlgrr‘nl§(:ees1’l gLnan"’%Slsi?%llérl%l?rﬁlAﬁ%%r&&%?}65%8% or a circuit
for de-ici ndrapmesgntack Wyng@ Ihe ampwer supply Thésenakes £t possible to
shorten the, fq t:he I [ glectrighiiyt9 Lhe dexi eing
circuit b5a. 1}1?%%%%&%51 tt%Ltei|1 (;:b%;%gra\% t rgl%lét}g% c‘gbf‘e %onn]égt ed to the 15

resi st itPe déoirciengisier edaclBe iantef-cHant2t) t Akt 9psirfaPge €&nPared with

the di amet exs ro4) i¢allAs eonnecied tv@ix@% hesrpiesgsthé ehgehei.cal equi pnent.
Thus, reducing the length of a cable o

wei ght and the bdiRSof eI RE® dégg?shéiaﬁ%’é;%ée;Sggiﬁégg#gﬁeto
loads that aaglexienvalyiny tdiedtusiedbge. ténthdddédoingi ateculié Ge-icing
egul at i on Cnelea P P ied ety iReorbie, OBy BaL T o
a geneil&t or refitshe viey pe fianding i tewli tabadisoafida2dippeser fhptpidsent a
confi gurati 9 AAL i AP cif AHS i SRIPEEL 0BNdaBlesMBbhnuekehl to
other pieces of electrical equipment. Thus, reducing the
length of a cable of this kind serves to reduce the
weight and the bulk of the cables needed for conveying
20 electricity to loads that are external to the fuselage.
In addition, since the de-icing circuit 5a is purely
resistive, it does not require any particular regulation
constraints and consequently the power supply generator
27, e.g. a generator of the type having a dedicated wound
25 rotor, may present a configuration that is simple,
robust, compact, and of small weight.
Furthermore, the de-icing circuit 5a may be
connected directly to the power supply generator 27 in
order to receive an alternating voltage. There is thus
30 no need to have a voltage converter for transforming the
alternating voltage into a DC voltage. This serves to
reduce power losses and to reduce the size and the weight
of the power supply circuit.
In addition, at least one engine control unit (ECU)
35 30 is also connected to the power supply generator 27.
Advantageously, the ECU 30 receives an alternating

voltage from the power supply generator 27. This



Furthernore, the de-icing circuit 5a nmay be connected directly to the power
supply generator 27 in order to receive an alternating voltage. There is
thus 30 no need to have a voltage converter for transformng the
alternating voltage into a DC vol tage. This serves to reduce power | osses
and to reduce the size and the weight of the power supply circuit.

In addition, at |east one engine control unit (ECU) 3530 is al so connected
to the powegesapptyrgéréiaess AT, tAdidmt Z§douwd) yrhathaesCaradmtidtasd an

al ternating_.yo om.t he r; Su 7. | er at or
delivers ACO;{OL’%EgSEQZ% g% tg hétﬁtIEI ?l\r}%;} o%e%?e)éﬁlgjg?gj%%ev%ri afgyet%aesﬁggﬁ'nct I on
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vol tage cirguirt19 by 8yl ke il 3¢ a% e erakimdile ticc b poVEs @ Bedr oper |y
until the engine has rea heg a speed that is sufficient tq earlcab.l e the power
r

suppl y genePaPBFT2Y vBtdel HP&r PR i &3 A &h© ' Fut t her nor e,
the circuitgsh®raksenpower enablel etis ipealereguigpiantgeetraioc @t déspondi ng to

|l oads in th acel | 10Fi gure 2 shows. . e |_ment ctyi cal
power suppl éeiﬁ?@ﬁi ?th TERELE ST ft ieéjril:ril%%&r g%%ﬁget%%§ﬁéﬁnﬁ§,l n{kﬁi s
exanpl e, theipowét 3Qppllyocipoegirns eonprlicsdy ixderamnamenragrt Yener at or 28

(PMR) mchagbggg%égﬁggﬂbﬁg& 9 Lhe [lqlwecrhesg%qgﬁitlﬁ‘e_nerator 27. The per manent

15 magnet generatt I'ch I's assocl at t he power supply generator
27, isl@esigned Fogpsrer ShewsSr appredlpdidiesd Norid e Hdy PIfRr

per manent nBgAgh yIBRSEAL O 028 tRRMNS e JECU Hradted Metdace circuit 31,

In this example, the power supply circuit comprises
a permanent magnet generator 28 (PMA) mechanically
coupled to the power supply generator 27. The permanent

15 magnet generator 28, which is associated with the power
supply generator 27, is designed to power one or more
ECUs 30. More particularly, the permanent magnet
generator 28 powers the ECUs 30 via interface circuit 31.

By way of example, in order to save on an outlet

20 shaft from the accessory gearbox, the power supply
generator 27 is a wound-rotor machine and the permanent
magnet generator 28 corresponds to a permanent magnet
stage of this wound-rotor machine.

Furthermore, the power supply circuit includes a

25 high~voltage direct current (HVDC) bus 35 for
distributing a DC voltage and a secure power supply
device 29 forming part of the electricity distribution
network associated with the engine (represented by 23}.

The power supply device 29 has an input 32, a switch

30 33 and an AC/DC voltage converter 34.

The input 32 is connected to the electricity
distribution network 17, and more particularly to the
circuit 19, in order to receive an alternating voltage.
The voltage converter 34 is connected to the input 32 for

35 the purpose of converting the alternating voltage
delivered by the electricity distribution network 17 into

a DC voltage. Furthermore, the switch 33 enables



By way of exanple, in order to save on an outlet 20 shaft fromthe
accessory gearbox, the power supply generator 27 is a wound-rotor machine
and t he permanent nagnet generator 28 corresponds to a pernmanent magnet
stage of this wound-rotor machine. Furthé& nore, the power supply circuit

i ncludes a 25 high-voltage direct current (HVDC) bus 35 for distributing a
DC vol tage and a secure power supply device 29 formng part of the

electricity dmsltxfdﬁutq Qﬂ ijd( B85RCERE edomlrE Rtk Re3@ngbonener epr esent ed by
23). The pog@ é’ has an input 32, a switch 3033 and an AC/ DC

vol t age con *32 is connected to the electricity
di stribution net\mms 1ﬂ;heirpbwm1r espaplycygtnaekytoo Bhedeildieeiris B9, in order

to receive n I The . vght . GON r Qnne ted to
t he i nput B%Qf%%ggéﬂghéﬂgﬁfggéggg? c%ﬁ%e?b!ﬁgﬁ%ﬁg é??ggnaglng gltadg

. deliveré&d byn hemladuhe ias t3 Dinetidut pdnenginer Rpegdi nt §uartb@rm@|xteage
FU”hermre,tﬂé‘%ﬁ‘%ék?@ﬁ%r?d@ﬁ@%h& ﬁ'@ﬂj' ¥6'LB9pe ¥Bhhageel 9l hee

converter 34 to the DC distribution 35. Thus, the power supply
gener at or ZPQﬂﬁq\RHRP#KZQQ%&Q@|%%Ia%@mth?6fFﬁ€ E€BC§6t whi &% pdRer is

regul at ed 5 aQrcatafd b x&sl@gf,élr@it@@l@f19ngynehs.p@@ele fer iheoreles, tde
switch 33 enables the ECU 3 gfﬂnecte Vi, a tg power %@ply deé{ce 29

and interfad® AP §P%e‘ﬁ1]e\’ ali‘lf‘ at'figeU8t PEga2ci Fear li ne
16 in drdder tthathe speneifeicticorit eod | gnaibi el thherqunmedhaiecﬁzmhﬁdya tepeed

be delivered by the power supply generator 27.
This configuration thus makes available a secure
electrical power supply node. The power supply generator
277 delivers an alternating voltage directly to equipment
15 5a for de-icing the engine nacelle or the wing. In
contrast, that portion of the electrical equipment that
corresponds to nacelle loads 5b is connected to the DC
voltage distribution bus 35.
More particularly, the de-icing circuit(s) 5a is/are
20 connected to the power supply generator 27 via a de-icing
power supply module 47a that includes a switch and
protection device controlled by a central control unit 51
and/or by the ECU 30.
The de-icing circuit 5a alsoc includes at least one
25 electrical resistance 61 for dissipating the electricity
that can be returned to the DC distribution bus 35 by at
least some of the nacelle loads 5b. The possible return
of electricity to the BC distribution bus 35 is
represented by reference 63. The dissipation of this
30 electrical energy by the electrical resistance 61 is made
possible by a connection 65 between the DC voltage

distribution bus 35 and the electrical resistance 61.

Furthermore, the bus 35 powers a nacelle power
35 supply module 47b together with a control device

including the central control unit 51.



10 that is sufficient to enable the required electricity to be delivered by
t he power supply generator 27. This configuration thus makes

avail abl e a secure electrical power supply node. The power supply generator
27 delivers an alternating voltage diredOy to equi prent 15 5a for de-icing
t he engine nacelle or the wing. In contrast, that portion of the electrical
equi pnent that corresponds to nacelle |oads 5b is connected to the DC

vol tage di stri butthofhbgs e&émgwewtﬁmﬁmré@ppnwmdﬁ:ﬂaﬁ M) rEtbt (s) Sa

is/are 20 connecte r, sup generat 27 viga a -ICI ng power
suppl y rrodu%%?ﬁ”gﬁggleﬁ P&d\é\@ npct andltprfoo et l|tonf’a‘eld'ev|dl§te control | ed
b?/ a cent rabonn&t:rteld drevi Beﬁ‘soe:md/(motbwlftdml JEGs B:1iated dettilcialy keasuit 5a
al so includ e ct i t he
%?)Wat Jreank %ﬂ%c?til%gﬂt Oeq\_ﬁ.g:lm[)é{ac; arfnge &l 5% > 3&%%%(% a9

electricity can be Tetur istribution | east
sone of 5t hetpatéll &Clodfs SEheThaqsddsi MawaetaRPlof reqdiek ik yl$o the DC

di stributionsRis 3% elsS wiehr @a@ied ) refienenas &b ekl sedqation of this
30 electrical energy by the electrical remqﬁ}{nce 1 is nmade §OSS| ble by a

connection 65 be@%@eﬁapﬁélﬁcwetraﬁélﬁﬂ ) FAPLIREI HE el ectri cal

resi stance @hverter 53 Bt Rersimrnesh tdiardiist iﬁ POVEHTeS inveacedt e5power
35suppl y nodul e 47%9 Icc)i%(itlher W t h cont r.Ql VI ce | ntcl q,l1 ng the central

control uni 8¥ES ieE Slafd erri%te”})% FHAEpI§° m)deul es 47a, 47b are
controlilbed kyeicheicedt eajuipomrolSynivhish ditémavimected-age sehisors (not

shown) asso%ibggggle\g teh. at &%agjc ik ngjcel lq}éa,_cécgllﬁ% E@@%M and it is

al so connect to the e power y nodule 47b is
=assom at ed wihtif eeltdet sWwdalche quinsivert Sh S9t e %c%thFJevate the pieces

of electrical eguipment 5b. The central control unit 51
controls the module 47b and in particular the switch
15 circuit 55 so as to activate each piece of equipment 5b
as a function of information received from the ECU 30
and/or the sensors associated with the equipment 5b.
It should be observed that the power supply circuit
may include two power supply electricity generators 27
20 and possibly two DC distribution buses 35, e.g. of the
high voltage DC (HVDC) type.
Thus, the use of two generators makes it possible to
mitigate the failure of one generator while conserving a
power supply that is made secure by the connection 16 to
25 the network on board the airplane, and also makes it
possible to share the electrical power that is delivered.
The DC voltage delivered on the bus 35 (or possibly
the buses 35) may be a regulated voltage, e.g. regulated
to a nominzl wvalue of 270 Vdc or 270 vVdc, with
30 regulation being provided by the AC/DC converter circuit.
In a variant, the DC voltage delivered via the bus(es) 35
need not be regulated, with a range of variation about a
nominal value then being acceptable, in particular as a
function of variations in the voltages delivered by the
35 circuit 189.
The invention also provides an aircraft including an

electricity power supply circuit comprising an



The nacell e power supply nodule 47b conprises an inverter 53 and a switch
circuit 55. The inverter 53 serves to deliver an alternating voltage to the
10 el ectrical equipnment 5b, which alternating voltage is obtained fromthe
DC vol tage delivered by the bus 35, whileithe switch circuit 55 serves to
activate the pieces of electrical equipnent 5b. The central control unit 51
controls the nodule 47b and in particular the switch 15 circuit 55 so as to
activate eagh Rigce f¥ ‘H¥§ﬂ¥ﬁﬁﬁtf%hfﬁbéhéﬁﬁciﬁ08n0thEBOEHBtb@%c&%%%‘Ved
fromthe ECU 30 and/or the sensors associated with the equi pnment

It should b@QNﬁﬂﬁﬂﬁu?%QEﬁr%QQirﬁﬁﬁﬁp@%%%l?bcﬁ%Eﬁ?FeﬁaynlﬁBPu&éIF%@fﬁower
suppl y el eclenicgiriey cgenef aity Ssi2r A0DaN0n POSSE bt et wBgDRedi shEi Bubbarbuses
35, e.g. of the hI%P volagggzgp.(qug% tg&e. Thusa % e_use of. two
generators MRS Y IPES b TR RSt f B uP &L 6F 2bhe SBEREFaltF whil e
conservisng powereEmgs uppley-itdiatg i i madet sesure by the connection 16 to 25
the network on board the airplane, and al so nakes it possible to share the
el ectrical power that is delivered. The DC voltage delivered on the
bus 35 (or possibly the buses 35) may be a regul ated voltage, e.qg.

regul ated to a nom nal value of 270 Vdc or 270 Vdc, with 30 regul ation
bei ng provided by the AC/ DC converter circuit. In a variant, the DC vol tage
delivered via the bus(es) 35 need not be regulated, with a range of

vari ation about a nom nal value then being acceptable, in particular as a
function of variations in the voltages delivered by the 35circuit 19.

The invention also provides an aircraft including an electricity power
supply circuit conprising an 11



electricity distribution network 17 on board the aircraft powering

el ectrical equipnment 5b situated in the aircraft engine or in the
surroundi ngs of the engine, and a powen2supply generator 27 integrated in
the aircraft engine for 5 powering a de-icing circuit 5a. 12 Wuat is
claimed is: 1. An electricity power supply circuit in an aircraft, the
circuit conprising: at |east one first power supply generator nechanically
coupled to an engine 5of the aircraft for delivering an alternating

vol t age; What is clgiraed is:i buti on network connected to said at |east one
generator to receive said alternating voltage for distributing electricity
on board the aircraft and powering electrical equipnment situated in the
engi ne of. t heAaiglestadity powensupy eireuit imar mircrdft, the direuiy comprisihg: DC vol t age
di stribution bus connected to a voltage ggnvert r ptiuit ower ed by, said

di stribution ReleRst fne fife RQWRITSURPLY SEREIAIAERECEa RIS CRYPIRCRI 3%k eNgiags
connegct e | i b kLt ; a second power supply
gene(r%gt oéqu"%tagg']r'-%tt?quﬁb%ﬂgggﬁréﬁ?%%ggﬁ and connected to a circuit for
de-i ci ng t he andjstnibutian eleiwork cannectgd dar said raf lehst engigeneratorttherepoiver

O S B UL RGPS IR R Bt A

connect i gachibyeqliphiefl Fbared irpd 6hgtrgé BUHORir&aRt G e OARINMASR of

- electrical resistance included in sai e-icing circuit for dissipating
wi t hi n ssaid engineit ance el ectricity returned to the DC voltage distribution

nccolii ng to- 81 Remvpnaqs odsibtuR Blacendfied O, o yBGe GIRRBRer furgit
dedi cat egoweriiby ¥afd detMSUtRIOhetwidrk 3t BRMEIcE WRRMipmeht edimbridgonddel t o

claim11, further conprising a permanent nmagnet generator mechanically
coupl ed lpads goangetedita velfgge digsinitigndus; sai d per menent nagnet

gener ator beipg 0, r £as | C bt f
el ectroni cal I€ ?%l:g)ﬁog?’:aﬁlget"t%@%ﬁg?%‘ee,rgFﬁe%%éx%?ﬁ%nmﬁteh%ﬂ%{eaﬂngﬁgme r?g{éjjnet
gener at ogordrfioted ted diguitiier éedcing theringine nacéliendit Aevibg icaaying thegeddineugh

30said distribution network. . . o
15  the power from the second power supply generator being fed to the de-icing circuit

without transiting through said distribution network; and
a connection between said DC voltage distribution bus and at least one
electrical resistance included in said de-icing circuit for dissipating within said
resistance electricity returned to the DC voltage distribution bus by at least some of
20 the nacelie loads.

2. A power supply circuit according to claim 1, wherein said second power

supply generator is a dedicated wound-rotor generator.

25 3. A power supply circuit according to claim 1, further comprising a permanent
magnet generator mechanically coupled fo said second power supply generator,
said permanent magnet generator being designed to power at least one engine
control unit for electronically regulating the engine, the power from the permanent
magnet generator being fed to the engine control unit without transiting through

30 said distribution network.



13 4. A power supply circuit according to claim3, wherein the power supply
generator is a wound-rotor machi ne and said pernmanent magnet gener ator
corresponds-to a pernmanent magnet staggsof said wound-rotor nachine. 55.A
power supply circuit according to claiml1, further conprising: an

I nput connected to the electricity distribution network to receive an
alternating voltage, said voltage converter being connected to said input
to convert the alternating voltage supplied by the electricity distribution
network 4nto A PGweolsupgy ciodit ldosdingcto fotaimd &) i wisereiry thevmwagsupply

del i vered I d converter to the DC vo e distribution bu

ai rcr af tg‘?'?%@fﬂfl Ry 2 h‘@ogi‘g(f? Ajachife 2 'l‘tp%?/ REIRRENt, 3 ae'E'%Faé? ai m
1. 157. Acrod&iontisnbla/p é‘rﬂnﬁ&r\éﬁt rﬁ§§rﬂ§t(§t5§b b ssidavdurd-réter hihinpri sing a
de-icing power supply nodul e which connects the second power supply

generator and the de-icing circuit, the de-icing power supply nodul e

I ncl ydes_a sw,tch and rot £ect. circuit

acco |ng to @\|%9v¥ﬁr-,s LM‘?IFI {%%&'%gqﬁgcéghitf@ﬂa%y\gé@w@mpI y nodul e

whi ch connect gnt iipub@orPletar teli thier eldtricity liistribiiibr het@brcito! Reiveswirpment
conprising nacelle | oads, the nacelle power supply npdul e including an

invertera gtind vpltege ssaid veltage icagveret ag@gtqprtne@t%d - saiddapukiousmert and
a sw tc% %ﬁg}r{ag '&J]tagqo%ﬁ ﬁﬁﬁﬁ Fé[% Bg%%se%fctrﬁ}?tﬁ%ﬁfbttﬁ:bﬁaﬁe%‘r‘k RARNG: D& 9- A

power s | a'm er conprising a centra
control vsltdgemangh control s the de-icing power supply rmdul e and the
nacel | e power supply nodu

10 P a swei‘[t)chy for delivermg a voltage delivered by said converier to the DC

voltage distribution bus.
6. An aircraft including the electrical power supply circuit according to claim 1.

15 7. A power supply circuit according to claim 1, further comprising a de-icing
power supply module which connects the second power supply generator and the
de-icing circuit, the de-icing power supply module includes a switch and protection

device.

20 8. A power supply circuit according to claim 7, further comprising a nacelle
power supply module which connects the DC voltage distribution bus and the
electrical equipment comprising nacelle loads, the nacelle power supply module
including an inverter which delivers alternating voltage to the electrical equipment
and a switch circuit which activates pieces of the electrical equipment.

25
9. A power supply circuit according to claim 8, further comprising a central
contro} uhit which controls the de-icing power supply module and the nacelle power
supply module.



