1 Title of the invention A distributed architecture for a gas-turbine
starter/generator 5 Background of the invention The invention relates to
gas turbines, and nore particularly to nmounting a starter/generator (S/GQ
on a gearbox, or an accessory gearbox. The field of application of the
invention is that of gas turbines for 10 &eroengi nes for airplanes or

hel i copters, and also that of auxiliary power units (APUS). In a gas
turbi ne, certaip;pieeesraf {gquhpRBAt or "accessories" are driven by a
nmechani cal transm ssion USi , ani cal  power taken_ froma turbine shaft.
The 15 mechan®c@FStfaRshfesfohlltREFGHES 40%ef GRSGEAFRHEE s housed in a
casi ng and isstefeerédehorasoa gearbox or as an accessory gearbox.
Accessories include in particular various punps for producing hydraulic
energy, of for delivering fuel or lubricant, and al so one or nore 20

el ectricab S/Esckyhpltiedacfasheuibivaetisnin operation, the or each S/IG acts
as an el ectricity geperatorapd PeodUEes Bl GOLT LEILY nobhal popeLs, one or
more electricity distribution centers for e airplane or the helicopter
and its engi nefsyicobaphentehBogasingr Bi AEarsesyoppedatan $FE5¢anbe used
as a starter fy:bebRg onaecLedet8op gXherBal. pewer risuppby in order to
set the gas turbjpe into oPeratlon %g ,rotatlng the turbine shaft to which
the gearbox i FFPtbhihettRdor 381 AT Y 81 bt ORnbin t§pe OloRpri SBLPANRS doT
synchronbus genesatonehavdnga arphanesobor handcapmars, shation,l sbogettier
with an excit | r i ndary magnetic circuit and a
stator with égéf?%%%gg%gﬁnéégér2?%26?t?E%ﬁgﬁéecondary circuit of the
exciter powers thelmed ngd% vothinef ¢hetsynchiensascfengrapventi ara

rectifier suchyc@ss@ofOLaf yarh ogdle; PES GG ol ReEhERLELET LYaHEREERL LAN

using mechanical power taken from a turbine shaft. The

15 mechanical transmission includes a set of gearwheels
housed in a casing and 1is referred to as a gearbox or as
an accessory Jgearbox. Accessories include in particular
various pumps for producing hydraulic energy, of for
delivering fuel or lubricant, and also one or more

20 electrical S/Gs.

While a gas turbine is in operation, the or each $/G
acts as an electricity generator and produces electricity
that powers one or more electricity distribution centers
for the airplane or the helicopter and its engine{s}).

25 When the gas turbine is stopped, an S/G can be used
as & starter by being connected to an external power
supply in order to set the gas turbine into operation by
rotating the turbine shaft to which the gearbox is
connected.

30 An S/G of known type comprises a main synchronous
generator having a main rotcor and a main stator, together
with an exciter having a rotor with a secondary magnetic
circuit and a stator with a primary magnetic circuit.

The secondary circuit of the exciter powers the main

35 rotor of the synchroncus generator via a rectifier such

as a rotary diode bridge. 1In electricity generation

mode, the secondary circuit ¢f the synchronous generator



node, the secondary circuit of the synchronous generator 2 produces an
alternating voltage as a result of the primary circuit being rotated under
power fromdirect current (DC) delivered by the diode bridge of the
exciter, the frequency of the alternating voltage that is 5 produced
varying as a function of the speed of rotation. |In starting node, the nmain
rotor powered by the exciter and the main stator powered by an alternating

vol tage fronpaBdaxker Aal a&@@ﬁcﬁgt% kﬂo&%a@esxérécfy%%@twforthéuch a known
SSGis a relatlvelﬁ bulkg E ge of g prent that is usually nmounted in
a special casPhyTBnY GRETER SFnﬁhéoﬁé ﬁﬁo%ngﬁﬁ Pﬁ& 5 SRS |y

connect ed thecer@enfhl@CDedd$;Veredcbgymh@ dlb@@gﬁrlwmﬁu@& afhespace and to
presenting a l.ca at_i anti_| ever ed oyt nd t herefare
requires 15 a%%ggk htghgm@kgg?enngkglzﬁg s%F&%&Ftlng &%ﬁ?lgﬁﬁq:

mount ed oA thergdarbexvachjiect aand Sumvarynobft hbei pperti of Avteljieot. of

the present ifnyenthepih £9q8r opgsenan 20+ 94-GaL, egtur | es
t he wei ght and the bu %ké t her eof tombénre &cgd 25 %QEBCORUF§U|%%ZF§Q%2 easy

to dismantle3fort %.ﬁﬁ%ﬂaﬁ%’ﬁ@? pepsredphipesedl thNa tépPe d0 it 98chi eved
by nean? of afrswasheskgenesat spuber @c@ailkﬁralagnchEﬁn%@s motor.
starter/generator ri erator with.a rot ormi_ng rimary
magnetic circuit a%%ng %?%ang? ng & m@é&ﬁ&ﬁ#y Eﬁ&ﬁgtpéeglrg and an
exciter Wth egstpatent tbah1ng aspel gr pomagedt ia a|SQBCUaandaalm@t@m
formng a segondary. negnetic &é]&sgktanah@hatcaage{p{egﬁaﬁa%ﬁﬁéﬁotﬁorfp“S' ng:

a first nodul e or generator e conprisin Irrst casin
generat or hous®W¢rt¢hethe¥stocasThys amada tprsecshatnacenseraiened to

rotate with tdeowt osr Oépa&@ealg@nﬁféaﬁai?és@ﬁehﬁgt kngihhomikhatl kkllyngasi ng
and 35 carrqug a first chanlcg cou I ng menbher
T 1s cantilevered ou herefore regquires
15 attachment means of sufficient strength to enable it to

be mounted on the gearbox,

Cbiect and summary of the invention

An object of the present invention is to propose an
20 S/G architecture that enables the weight and the bulk
thereof to be reduced while continuing to be easy to
dismantle for maintenance or repair purposes.
This object is achieved by means of a
starter/generator for a gas turbine, the
25 starter/generator comprising a generator with a rotor
forming a primary magnetic circuit and a stator forming a
secondary magnetic circuit, and an exciter with a stator
forming a primary magnetic circuit and a rotor forming a
secondary magnetic circuit, the starter/generator
30 comprising:

a first meodule or generator module comprising a
first casing, the generator housed in the first casing
and a first shaft constrained to rotate with the rotor of
the generator projecting from the first casing and

35 carrying a first mechanical coupling member;
a second medule or exciter module, comprising a

second casing, the exciter housed in the second casing,



a second nodul e or exciter nodule, conprising a second casing, the exciter
housed in the second casing, 3 and a second shaft secured to rotate with
the rotor of the exciter, the second shaft being distinct fromthe first
shaft, projecting fromthe second casing, and carrying a second nechani cal
coupling nmenber; and 5 an electrical conrection conprising a rectifier

and at | east one connector for connecting the secondary <circuit of the

exciter to thgnarhnaé&oﬁarglol!aﬁftofsehh%dg%@)e%ﬁ;grte Because of-dehs npdul ar
architecture of the S enerator and excjter nodul es having

he
di sti nct nechsﬁﬁca¥0188ap| FRg §ﬁ§ PE &8A the PRdAL €d SEdpaTFaltey dhea
gea{Fox Thuﬁ;rshesmefghtpea@ébtﬁmgredomuthbr@ﬁbgha gearbey ﬁ@m Fe rradeI
smal | er e ossi i sconnect e electrica
connectlon ?ngbpogs b%ggé 1%eFeﬁDv8a%oF8Pﬁgﬁﬁg 8§W§F§foﬁnﬁbdule or
solely thé exciter: apdalectoicaii nbenantecor complracement pecposesr _
According to gng featurer LHE 85&8%5%??'f89”@8ﬁhb€9%h§ @%%S%%c%%dﬁ%&fgr'n

part inside the first and second whi ch sha may be ho
provi ded wit F°arcebt passhe ?6?lba§sFﬁgtbﬁepéP@é¥V|@aFC@éﬁn@étﬁéﬁ
According to gaethetofeature, the S/Gfurther conprises a pernanent magnet

generator having a,rotor ng petr manent. magnets and a stator forning a
secondary C|rCU|taB%%%u?%e ge{%% %ﬂ@ Lﬁﬁn@FCBéEgFEPB? ?g Fgﬁng/ﬁarﬁgﬁf one
of sai d hddul @snebeiog @@@S@ﬁClUGrdmodthesChsﬁmggoﬁibhahcﬂDdﬂbﬂaWﬁbblltS

rot or constrqﬁgﬁghfﬁ) éﬁg@%?or éhﬁoggg%ﬁ gé é? tQEQU|§uFP5%f%£§?| , the

per manent magnet’ geneér at of art | east
one of the ®s ?ﬁﬁ/Wﬁ#%@%o@@%ﬁebemﬁrﬁdaOUﬁeﬁr@@ specothechbrs rhe hedul e

for feeding inacd tnaCRol | natd Wb ealbng bLoide LROSE BuGh;ghecugstances,

and advantag%Pusl t he shaft_of the npodul e associ at ed
isconnect the electrical connection, it is possible to

15 remove solely the generator module or solely the exciter
module for maintenance or replacement purposes.

According to one feature, the electrical connection
is housed at least in part inside the first and second
shafts, which shafts may be hollow or provided with a

20 prassage for passing the electrical connecticn.

According to another feature, the 5/G further
comprises a permanent magnet generator having a rotor
carrying permanent magnets and a stator forming a
secondary circuit, and the permanent magnet generator

25 forms part of one of said modules, being housed inside
the casing of that module with its rotor constrained to
rotate with the shaft of the module. Preferably, the
permanent magnet generator forms part of the exciter
modulile.

30 At least one of the modules may be associated with a
device specific to the module for feeding it with
cooling/lubricating liquid. Under such circumstances,
and advantageously, the shaft of the module associated
with a specific device for feeding it with

35 cooling/lubricating liquid projects from the casing of
said module through an opening that is provided with a

sealing device.



with a specific device for feeding it with 35 cooling/lubricating Iiquid
projects fromthe casing of said nodule through an opening that is
provided with a sealing device. 4 The invention also provides an assenbly
conprising a gas turbine gearbox having a geartrain with a plurality of
gearwheel s housed in a casing and at |east4 one S/G coupled to the gearbox,
the S/ G being as defined above 5 with the first and second coupling nenbers

being coupled to ene QEVEhglgﬁaéT@%e %o@ﬁd@@eaﬂeﬁ%ggﬁbl?n@o%@&QSQB o he
first and second casj ngs elng@connec ed to the casin earbox. In

an enbodi ment 92fhEFP+EE RET Eoﬁavéﬁﬁf?s9§H£Féal@0Wétéoﬁnﬁﬁuéﬁﬁétéhd are
coupl ed to a conyeargeasnberbustd theageasbay, aandatheceasi rge of/cthe first

d d t .th i f ot b
on oppost Le STARRT{or Bof (o1 HCRRBEHer CRbSArnERE ot AE. PrParshd SdEand
shafts 15 areidpttiom Aicetmandazésoaddcthplingsthembdrsebendg coupliedg
menbers are couplged {9 Eﬁépgéékwﬁe9%§tb@CEhe9§85%98§'Saﬂh %Q% 9%§r9ﬂé The

casings of the first and cond ules aré éonnect éd separa er to

casing of thelgehardox sPCeme Sartngpdectnar eenNnBrten Fﬂotbﬁp@§ﬁﬂ@929f3|des
thereof. In tins @thesoenbodi ment, the electrical connection may conprise
a first rotary electrical %@b@llng havi ng statiqnary contacts and rotary

contacts connected tY tHE %ﬁgrytE?rEgFFto?n?héeﬁ?BptéPafES $865Rd
rotary el@ctra catrmopupdxing dawi age stahpdaaryo2s commaﬁtgeamdhEQUabf

contacts connggted to the prinpty %E[S?étogftﬁgefg%ngratBrFe%ﬁg first

stationary connection connecting atPonary contacts“o
rotary couMﬁ@ﬁPkQﬁt&ﬁﬁr%ﬁﬂﬁ%@¢®bYS©@mm©©a¢9 tonthet sasfinghet seeond

rotary couplidihrddk WH ctpSasesetheqiectifigrs 30 such as a diode bridge,
i s advantageously inserted in the stationary connection in order to avoi d
bei ng exposed to In another embodiment, the first and second shaft

15 are not on a common axis and the first and second
coupling members are coupled to respective distinct
gearwheels of the gearbox. The casings of the first and
second modules are connected separately to the casing of
the gearbox on the same side thereof or on two opposite

20 sides thereof. In this other embodiment, the electrical
connection may comprise a first rotary electrical
coupling having stationary contacts and rotary contacts
connected to the secondary circuit of the exciter, a
second rotary electrical coupling having stationary

25 contacts and rotary contacts connected to the primary
circuit of the generator, and a stationary connection
connecting the stationary contacts of the first rotary
coupling te the respective stationary contacts of the
second rotary coupling. In which case, the rectifier,

30 such as a diode bridge, is advantageously inserted in the
stationary connection in order to avoid being exposed to
the stresses generated by rotation.

Under all circumstances, at least one of the modules
can be fed with cooling/lubricating liguid from a

35 cooling/lubricating liquid circuit of the gearbox.



the stresses generated by rotation. Under all circunstances, at |east one
of the nodules can be fed with cooling/lubricating liquid froma 35
cooling/lubricating liquid circuit of the gearbox. 5 Brief description of
t he drawi ngs The invention can be better understood on reading the
foll owi ng description given by way of non-9imting indication and with
reference to the acconmpanying 5 drawings, in which: Figure 1 is a highly
sinplified d'@ﬁi@ﬁ‘@és@rgﬁﬁloBUB?'EﬁeeﬂgbﬁﬁngsF'gure 2is asinplified

el ectrical ciTcui —enmpodrment of a starter-generator; 10
Figure 3 is an aX|%Vesé Y?BﬁlQPeﬁﬁbeﬁ gehepat BRIeRBEGPE PR AR2E/BEdI ment

of the inventtloa; foEl@MIﬁg4db§campaxbﬁ|g§eéh|©9 we9Wb@fn@n -@Xeiitehg nodul e
in an enbodi nent. of, t he i nvent rannatic section view

Choa e 58 TRaby Skl 88 LAYeRtL O e cE AN Pl 2nl R B L 3t ont e

on a gearbox dre@hnewbodi mentcbf the invention; Figure 6 is a highly

di agrammatic vi ew shewing. a ria t /Lubricating
liquid feed to t he g}%er%t%ryg ﬁ'réggprFlg%HEmE%gnQ%?éggh ggre gglss a
di agrammati c Frayhent@Pyiveew in  section showing the generator and exciter

nodul es mounted on @i bpxlsnaa@9h er reahodi eeRt-10f 1t Berbnventi on.
nts 25 Afield of application of the

Detail ed desc t| on o d%rr(ﬁ
i nvention |s qr%”f‘ a%n THBPAERRF 08hgR N85 T bRF THBNRFAG Ehown very
diagram@tically in Fgue 3,ibutntheisbveattooni sienewer thgkassaappl i cable

to ot her gas Iﬁéﬁﬁ@jdggglge%}%(ggfmenéygkcg Iy 19 hgl i copter engi nes, and

also to auxiliary i ne ‘power units. ng| ne of Figure 1
conpri ses a conmbust iDrovehahbes an akidl coabusenonigeasofrem eheithanber 1

driving module in an embodiment of the invention;
Figure 5 is a diagrammatic section view showing
15 the generator and exciter modules of Figures 3 and 4
mounted on a gearbox in an embodiment of the invention;
Figure € 1s a highly diagrammatic view showing a
variant embodiment of the cooling/lubricating ligquid feed
te the generator module of Figure 5; and
20 + Figure 7 is a diagrammatic fragmentary view in
section showing the generator and exciter modules mounted

on a gearbox in another embodiment of the invention.

Detailed description of embodiments

25 A field of application of the invention is that of
gas turbine aeroengines, of the kind shown very
diagrammatically in Figure 1, but the invention is
nevertheless applicable to other gas turbine aeroengines,
typically to helicopter engines, and also to auxiliary

3G gas turbine power units.

The engine of Figure 1 comprises a combustion
chamber 1, with combustion gas from the chamber 1 driving
a high pressure turbine 2 and a low pressure turbine 3.
The turbine 2 is coupled by a shaft to a high pressure

35 compressor 4 that feeds the combustion chamber 1 with air
under pressure, while the turbine 3 is coupled by another
shaft to a fan 5 at the inlet to the engine.



a high pressure turbine 2 and a | ow pressure turbine 3. The turbine 2 is
coupled by a shaft to a high pressure 35 conpressor 4 that feeds the
conmbustion chanber 1 with air wunder pressure, while the turbine 3 is
coupl ed by another shaft to a fan 5 at the inlet to the engine. 6 A
gearbox 9 or accessory gearbox is connectegl via a nechani cal power takeoff
8 to a turbine shaft and conprises a set of gearwheels for driving various

accessories, 'nClUﬂ'%‘a§Bo&e§55roﬂgcggegrge%%%? l¥% t\WOkorRected via

starter/generators igure 2 is i ed general electrlc
circuit di agRafPerigrs E@Hﬁ?l§Pﬁ§05f5§n§ﬁréné@§bg@ﬁeﬁﬁﬁ6ﬁ 809 an exciter

20, and a per@’@:ﬂpms@agaebegea@rgbgﬁswﬁeh@s 30r dhaviipg FAtaky,sportions or
rotors that share a common, 10 mount ed on connoq&rotar shaf t

of axis A Tﬁ%cg§ﬁgﬁ?8ﬁ0u§n§%HéF390? ggééﬁsPPFut@HG RE kG i ne has
a main robor foaniag/eeperaboysmagretic circuit 12 and a nain stator

formng a secondary; ggegl giggH' .%4§9T5§a§§glt% e%gr %lacE?

formng a 15 secondaty ne iC C|r Ps conneére
rectifier suc%l%%rémr@fa$ Gd?@mérbﬁidé 24svamptiransvat genetertwirng Ca pri mary

magnetic circakdi2br Ihe ENP 30p888a8enk 0hQ5nd2 %éh%¥b@grp§@M%@e@b nmagnet s
34 and a stator 36 fornlng a secondary magnetic circuit

electricity- d%%%%%ﬁlﬁ%tﬁﬁﬂepofﬁéoﬁ?lﬁﬁr?oEPFéuFFatlihéFetﬁeC§VW€ﬁronous
generat o010t haixis, connegtedutdetihen &ecbikhbar radarecehues dirr gl sCurrent

DC) produced by t t d_al ter pat AC duced b
(P produced by Uie, XGRS0y hL eCIaL! 10 SLEEDL (AC) L3 BLationd by

42 of an elecma¢mnm®rmnstalm@imonotorcﬁorm$ugha psimargnrbgaedinet wor k 44
of an a'rm‘mﬁafﬁuf%fﬁ%'gﬁ@tgrmalﬁ‘9€ﬁ€5gwg§ %QHérg' Qbkdgg§U§a8$etlc

regul ator circuit 40 i's powered arnes
circuit 40 reciWids Thforhatiorciviaralfihes4s rhheri §oreppresentati ve 30 of

the val ues of ddienrAG Mpliages out pal rBYit 22 0ERRE AL 8T connected to a
rectifier such as a rotary diode bride 24, and a stator
forming a primary magnetic circuit 26. The PMG 30 has a
rotor 32 carrying permanent magnets 34 and a stator 36
forming a secondary magnetic circuit.

20 In electricity~generation mode, the primary circuit
12 of the synchronous generator that is connected to the
rectifier 24 receives direct current (DC) produced by the
exciter, and alternating current (AC) is produced by the
secondary circuit 14 and is delivered via a harness 18 to

25 an AC bus 42 of an electricity distribution circuit such
as an on-board network 44 of an airplane or a helicopter.
A generator control unit (GCU)} or regulator circuit 40 is
powered by the PMG 30 via & harness 38. The circuit 40
receives information via a line 46 that is representative

30 of the value of the AC voltage output by the generator
10, and it controls the DC delivered to the primary
circuit 26 of the exciter via a harness 28 so as to
regulate the amplitude of the output voltage to a
reference value, this voltage being at a frequency that

35 is variable as a function of the speed of rotation of the
shaft A.



10, and it controls the DC delivered to the primary circuit 26 of the
exciter via a harness 28 so as to regulate the anplitude of the output
voltage to a reference value, this voltage being at a frequency that 35 is
vari able as a function of the speed of rotation of the shaft A 7 In
starter node, the regulator circuit 40 is fed wwth voltage via a |line 48
fromthe AC bus 42 (or from sone other source) in order to ensure that it

can operate and [ #,oLdsrchd RONE! the RELELYG! LAUd, 30 0f & L exol ter

with AC. Sinultaneously, the secondary owered with AC by
the harness 18ifRoHPLtREYSATIBUS 42nEofk St lféﬁ?msérl?@ é‘{qnévrusSd@r dey, fgiceh

operation thgam@ebﬁge@ssauw@@hrQn0@§d@f@t Qb. eﬁ@,u%lth@q%tdq_StC@ab)ed above,

and its operatlon re ulatlon nmean a ar.e kno
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el ectricab pounke geoetatlwmthnde f oLmudgaacoucdgssSittr sekosiiages W th

anplification ne,st ag e t ul bser v t hat the
presence of t%%EQQL?i§4n%? §8&§£g§|wggé %C hg %ﬁ% ggggsglﬁ%uﬁg%ﬂbt%
power ed fromAe|Beahérel Ortfshmusamalsbhb@ Gbgéﬁﬂéd what operdgdeti ons of

the GCU coul dub@nuaé@ﬂ@aggdal aneh%ﬁ%g%b%o‘fl rcuit for regulating the
engi ne, al so known_as_an engine control unit (ECU). 20 Flgures 3 and 4

show enbodi nents ofaS §end? af8FCr ABAGI 8PSUCandlnef 146 EREFEEARDdHe 70 in
accordance w téguthei ondul ancanshbtestoce abet Raocwivent ireerkenvar,SI G The

gener stor bl g 5B EoPB5: <65, "o SLERLOTSHS TRL", SRReraLen BeHensed i1 @
the primry cir cell ¢c2i ¢sl npoweedgensaashaht mbdet hdb ringd nguppented sisi ort he
N g o EE e A B P SN
of the casing!2should be observed that the presence of the PMG is not

15 required if the regulator circuit 40 can be powered from
elsewhere. It should also be cbserved that the functions
of the GCU could be integrated in an electronic circuit
for regulating the engine, also known as an engine
control unit (ECU).

20 Figures 3 and 4 show embodiments of a generator
module 50 and cof an exciter module 70 in accordance with
the modular architecture of the invention for an S/G.

The generator module 50 comprises a synchronous main
generator 10 housed in a box or casing 52. The rotor of

25 the generator carrying the windings of the primary
circuit 12 is mounted on a shaft 54 that is supported in
the casing 52 by rolling bearings 53a, 53b. The stator
of the generator carrying the windings of the secondary
circuit 14 is secured to the inside of the casing 52.

30 The harness 18 conveying the voltage that is produced is
connected to the secondary circuit 14 by passing through
the casing 52 in leaktight manner, or else, as shown, by
being connected to a connection block 55, itself
connected to the secondary circuit 14. The casing 52 is

35 generally cylindrical in shape and is closed in leaktight
manner at a "rear" end, by an end wall 56 that is
secured, e.g. by bolts, to the rear end c¢f the casing 52



30 The harness 18 conveying the voltage that is produced is connected to
the secondary circuit 14 by passing through the casing 52 in | eaktight
manner, or else, as shown, by being connected to a connection bl ock 55,
itself connected to the secondary circuit 14. The casing 52 is 35
generally cylindrical in shape and is closed in |eaktight nmanner at a
‘'rear” end, by an end wall 56 that is secured, e.g. by bolts, to the rear

end of the caghpgeSen pBbes eyt beabeariag B3a s SF!\]qurttseqrd%tt el f ront

end, the caS|ng 52 is closed g resents a central
openi ng defi ne@SbG2ahENAGI 4F B PFP@nbYS?aW§ééuﬁ8d tgh@h@aﬁdlﬁ757 The

annul ar portippe5Zath QaééhESaEh@p@ﬁ@h@”@e@&ﬂe@n@yabﬁoa@‘@ﬂﬁﬁ.‘a@s p@ rtiiprseal
58 having it end bearlng ﬁlnst E s out de surface of the haft 54, or
8 g otary -

any ot her sealing"Sy8t&th e ﬁe@“BP érlgﬁfFﬁﬁPhsﬁﬁpe devi ce.
The shaft554 @&DreessthhrbaghinbeSépeandgaﬂBotberriaswalﬂ1@7saad 58

ext ended outshgglﬁQelE SLRg ?@aPXn ggggggntﬁéaogksi r”]OF%E%ut.ng o

portion carries anlca cou I'n the
for exanple, S%@ﬁt §4ex@énQEYb@ybﬁd ehelingt sug-eThe cegci erorsayl e 70

conprises theyexebtesr29 andyrifchhe,PM33Q, which are housed in a box or
casing 72. The rotor of the exciter, carrying the w ndings of the

secondary circuit 22°i 8 #buntedPhnI &CERaERTPRIBUHPEr PRENITA tRe t6&sing 72
by bearihys #3all73b. aﬂ'dilel§t@iﬁd§n@édtbatsmﬂél tBe eakfiypng2t be w ndi ngs of
t he prlnary 2 ened t t he si de o .the casi.ng 72. The
har ness g%%gg%%%gg %eopo%%? iu%b?@e Fren#géﬁ Pﬁé Ppn§?§r18gr8U|t 26
is connectediﬁ¢@h&nlﬂ$ﬁl@Q@gln@gtmemhgh thethaafbrmfofhéluasngg6wz ifor
| eaktight mannery, 0L in.4he g%@gpé$ sbown, by being; ﬁgnnected to a

f th

connection bl ock 25 75 that is itse nnected to e“secondary circuit
26. The casing 72'4% %ﬁﬁkﬁ%ﬁl@O%Vl$nag|@Qmprhsgﬁaﬁé@aﬁ601t§rc283éﬂdln

| eakti ghts manires @G a30 ) e@iiclendrdynds€Adin a box or casing 72. The
rotor of the exciter, carrying the windings of the
secondary circuit 22 is mounted on a shaft 74 supported
in the casing 72 by bearings 73a, 73b. The stator of the
exciter carrying the windings of the primary circuit 26
20 is fastened to the inside of the casing 72. The harness
28 conveying the power supply current of the primary
circuit 26 is connected thereto by passing through the
wall of the casing 72 in leaktight manner, or in the
example shown, by being connected to a connection block
25 75 that 1s itself connected to the secondary circuit 26,
The casing 72 1s generally cylindrical in shape and
is closed in leaktight manner at a "rear™ end by an end
wall 76 that is fastened, e.g. by bolts, to the rear of
the casing 72 where the bearing 73a is supported. At its
30 front end, the casing 72 is defined by a wall 77 secured
te an annular porticn 77a surrounding a central opening.
The annular portion 77a carries the bearing 73a and also
carries a lip seal 78 having its end bearing against the
outside surface of the shaft 24, or any other sealing
35 system such as a rotary gasket or a labyrinth device, for

example.



wall 76 that is fastened, e.g. by bolts, to the rear of the casing 72
where the bearing 73a is supported. At its 30 front end, the casing 72 is
defined by a wall 77 secured to an annular portion 77a surrounding a
central opening. The annular portion 77a carries the bearing 73a and al so
carries a lip seal 78 having its end bearigg against the outside surface
of the shaft 24, or any other sealing 35 systemsuch as a rotary gasket or

a | abyrinth devi CeThéoéha%aﬁ'@' gro?ec@!e %Q%BE;}J g@r %B&%gt@ QUM By

openi ng defined by the wa nd exten S ou caS|n% in the form
of a porti onth@,aW%%l%rW n@na ﬁﬁéﬁaﬁﬁcéptéédﬁl thg respes, 18, ghe ferheff orm

of fluting 80z §ofﬂlbﬁe7@éaﬁﬁkﬁ §H@W@ mbB8aRMEa30 cbsproust edrbe rt he | scasi ng
72 between the e ﬁ wal | 76. The magnets 34 of the PMG

Clt
are fastened 19 Eﬂﬁ g4gluﬁhpge Phe wi ndings of the secondary circuit
36 of the5PMG areIs|tMatedamamenghbha nageePMG430b&bngoauppdrnadthy a 10

part 81 fastened 49 $hepLushde ofotbe eastng,72,aThRe ey ent  produced by

the PMGis transpo ted can bé connecte directly
to the prlnar@hecm¢@®¢183%4b@fpbbglH@Gthrau@hStheedatb bhet kbadasiidg 72 in

| eakti ght rrarmeﬂeogh@swimﬁﬂ@see@n%@ §Q9%da?¥ Q§k891%53%06@e%%d pi@ the
connection block 75, itself connected primary circuit

nenti oned abdVes ?%t%%%%¢df%%l%%s%P@e@agﬂﬁF §ﬂe bﬁN@QnééBPﬁéﬁeﬁebﬁeéessary

It is alB® pqs&rtb|$1tﬂastéﬁ@@rﬁtbetiﬁ@elﬁb/ﬁdénothehgeﬂéé@h@r 7oQdulr@ei nst ead
of in 20 the_ exciter Q Q her ekggents of the gu esﬁgo snd 70 are
descri bed wi tAFerer hce %ﬁ%% Yo B'u lahFEﬂn§ﬂ8 theY hBGulf&s rodnt ed
on a gear box 3. viheclgeaabdxe dGownapt ésesiascasyngo9heontaiairyg a 25 gear
train 100 and.j .l § meghan @%é¥h§ y@%@ggpytﬁepQgﬁi ofopRgctLan o3

turbine shaft of_ a gas t I ne su , .
in leaktight manner, or as in the example shown, by being

15 connected to the connection block 75, itself connected to
the primary circuit 36.

As mentioned above, 1t should be observed that the
PMG need not be necessary. It is also possible to
integrate the PMG in the generator module instead of in

20 the exciter module.

Other elements of the modules 50 and 70 are
described with reference alsoc to Figure 5 which shows the
modules mounted on a gearbox 90.

The gearbox 90 comprises a casing 92 containing a

25 gear train 1C0 and it is mechanically coupled by a power
connection to a turbine shaft of a gas turbine such as a
gas turbine of an airplane engine or a helicopter engine,
or indeed of an APU,

In the embodiment of Figure 5, the modules 50 and 70

30 are mounted on respective opposite side walls 24 and 96
of the casing 92 and their shafts 54 and 74 are coaxial.

In the example shown, the shaft 74 is hollow and
forms a sheath into which the end portion 54a of the
shaft 54 penetrates in order to provide good alignment.

35 The sets of fluting 60 and 80 have the same size and
shape and they mesh with a common gearwheel 102 of the

geartrain 100, the sets of fluting 60 and 80 engaging



gas turbine of an airplane engine or a helicopter engine, or indeed of an
APU. In the enbodi nent of Figure 5, the nodules 50 and 70 30 are nounted
on respective opposite side walls 94 and 96 of the casing 92 and their
shafts 54 and 74 are coaxial. In the exanple shown, the shaft 74 is holl ow
and forns a sheath into which the end pontion 54a of the shaft 54
penetrates in order to provide good alignnment. 35 The sets of quting 60

and 80 have t@@tsaasmsﬁéﬁeaegrysﬁqg%lﬁedfb%xd”&%haw fa 1 ear wheel
102 of the geartrain 100, the 'sets of "fluting en a | 10 wth

conpl enent ar yLRFatehgt Rer HB8TFRSEA éQ?aI BB@ségéaltﬁPé&@W armheel
102. The axi ajegobhaslofiobhes geppwheel 192th§ @a@@ﬂg%@@ i kﬁﬂlﬁ&, ng 92

by rol | th | ket
hserted et vgeh tH %Sbé%rnégbgé“aﬂégggﬁﬁ SERESFRGhT Wl FS% %%tbng’l 346 ngs

52 and 725 respeetivellyettaca vhei bakyrionky96ne éﬂbthedshabtsrﬁﬁt 74 need
be coupled dwéffgIgftggéhgaggﬁéghgglTég ?étlggp%hgabggglt carries, with

the shafts being coupled toge Kani cal
connection. In thei%x%nbﬁél%hbmnonﬁheoéﬁe@ﬁrtbalSb@ﬁﬁéc@ﬂ@n74b®ﬁw§e@ethe

secondary Cireghp1 &2 @iréaglﬁxgbt@heaﬁgakhﬁee@rnnﬁr% Ckh@uwhu%%n@fl%he
generator passes via the insid e shafts 74 X of which are

hol I ow. 15 NeVRTihetesdithitis ﬁ?aﬁfﬁécgséagyC%Plﬁﬁetsﬁsfciﬂemltno be
hol | ow, pQOV|£btqti¢npmpvadeécﬂa@assageoﬁﬁéctben el ectrical connection. A

connector 82 is f %oa%h S|ge d g% tgg.sh ft %ﬁ sg.as to be
easily accesslble Te end ?W 76 gen’ refoved " Fé “Ebnnect or 82

20 is connectQ&FWQﬁmrﬁh¢(ﬁ%ﬂQMQWLMerrcdge 24, o0htbh Bgcitast enddtbr the
shaft 74 and whieh- fﬂﬂpf@tﬁg 59 the %§§89ﬁ98£y?§558§'blgzthAli 8@5 84

passes al ong the shaft 54, 74 conn circuit a plug
engaged with @hehe shafts 74, 54 both of whlch are hollow.

i5 Nevertheless, it is not necessary for the shaft 54 to be
hollow, providing it provides a passage for the
electrical connection. A connector 82 ig fastened to the
inside end of the shaft 74 so as to be easily accessible
after the end wall 76 has been removed. The connector 82

20 is connected to the rotary dicde bridge 24, which is
fastened on the shaft 74 and which is connected to the
secondary circuit 22.

A harness 84 passes along the shafts 54, 74 to

connect the primary circuit 12 to a plug engaged with the

25 connector 82,

The front end portion of the peripheral wall of the

casing 52 penetrates in a setback 94a formed in the wall
94 of the gearbox casing, together with a sealing gasket
94b. In the vicinity of its front end, the casing 52

30 presents an external flange 59 that comes into abutment
against the outside face of the wall 94, with abutment
coilnciding with the fluting 60 being coupled with the
gearwheel 102. The casing 52 is fastened to the casing
92 of the gearbox by bolting the outwardly-directed

35 flange 5% to the wall 94. Other fastening techniques
could be adopted, such as a guick coupling technique of



25 connector 82. The front end portion of the peripheral wall of the

casing 52 penetrates in a setback 94a forned in the wall

94 of the gearbox

casing, together with a sealing gasket 94b. In the vicinity of its front

end, the casing 52 30 presents an external flange 59 that
abutment against the outside face of theiwall 94, with ab

cones into
ut nent

coinciding wth the fluting 60 being coupled with the gearwheel 102. The
casing 52 is é§§&§H€90591t92p aﬁbQQ?hQ%aQFﬁE§§19§6%98§ By, 1RohLiRg nphe

outwardly-directed 35 f 59 to
coul d be adopt®dPek8ich as a qui ck coupling technique of 11

O her tastening techni ques

conventi onal

type using el asti Cﬁﬂﬂyzﬂ@i@fnﬁghﬁekockhégfrﬂﬁﬂbéhg pbrﬂtib'ﬁ' bar tpanner, the

front end portion of t h wal | the casin
LT T O Y T L T s R

2 penetrates into
G -° foget her with

a seal i nggasketbd6b. Sba fhemwdcini theokallt 96f banthendeatrbexcasisngg/?2

presents an ogS%@Eg%yt%gﬁﬂegtgg%ikﬁggﬁ Z% %hg% cones E EOV%%gBQESt galnst

the outside coi nci |ng

fluting 80 cou®$|f@9mﬁtﬁﬁ@het@@a®&hee® 1®2pr¢h@nt@a@nngutﬂamngastened to
the casing 92;ofediiey 9LRLHOX w ti@QUb&geghﬁn%aagét%%nftoatgagnvg@ kn26 or by

ot her known fastener neans particul ar quick coupli

ng means  using

el astical | y- d%@%ﬁﬂﬁ%l%a¢%c?fnbh%eW%é¥s9615WTEE ABUGIEEt50°4RE 1P Er e t hus
nmount ed DM th&t}geﬁﬁ@oﬂl@@lx\i\gt$10tdﬂ@u@]ﬁlﬁ@Swﬁéhaﬂﬂe76eb@Wﬂ@eQ0llpl26d trhea

is tio s of

gear wheel of the e ox. Lt shoul d be observed t he. d
the external %%t ﬁé% b%r%?%ﬁ%n%? thetSRafrs BY Q% %4%88u9 ar 8%
i nverted, vmtﬁpl&mn$rﬁﬁe ﬂham@¢n@9ek®enuedwbyla96eonlhalopbetlﬁnowhat

pe”etrates"Eé%é%ﬁ%%*ﬁéhﬁ?r”?Qdﬁyrt1981§9'&8¥&§hééﬁp§lng'ﬁeEHBVEQEBB”a
manner, the gearbox 90 is
elastically-deformable locking members.
15 The modules 50 and 70 are thus mounted on the

gearbox 90 with the shafts 54 and 74 being coupled to a

gearwheel of the gearbox.

It should be observed that the dispositions of the

external terminal portions of the shafts 54 and 74 could
20 be inverted, with the shaft 74 being extended by a
terminal portion that penetrates intoc a sheath formed by

the hollow shaft 54,

In conventional manner, the gearbox 90 1

s fitted

with a circuit for feeding it with cooling and

25 lubricating liguid, which circuit includes a

tank and a

recirculation pump, itself driven by being coupled with

the gearbox.
The modules 50 and 70 may be fed with

cooling/lubricating ligquid from the circuit of the

30 gearbox.

Thus, for this purpose, a duct 66 for feeding the

module 50 with cocling/lubricating liquid is

a bulge 5Zb of the casing 52 and opening out

provided in
into the

surface of the flange 59 that faces towards the wall 94

35 50 as to be connected toc a pipe 95 that is connected to

the cooling/lubricating circuit of the gearbox. A

ieaktight connection between the duct 66 and

the pipe 95



with a circuit for feeding it wth cooling and 25 lubricating Iiquid, which
circuit includes a tank and a recirculation punp, itself driven by being
coupled with the gearbox. The npodul es 50 and 70 nay be fed with
cooling/lubricating liquid fromthe circuit of the 30 gearbox. Thus, for
this purpose, a duct 66 for feeding the mpdule 50 with cooling/lubricating
liquid is provided in a bulge 52b of the casing 52 and opening out into

the surface ofihgnf|ange.59 thalsfgees;howards Lhe, }a% +94 535 SO1as to be

connected to a pipeée IS connected to the cool bricating
circuit of th@ugéaﬁﬁoks @P“P@ﬁk?ﬁgﬁ? gofRe&LNEn CBECKEEN ﬁﬁeoéuéPeG6 and the

pi pe 95 12 tﬁé@@@@aibecwﬁbh184lﬂso@rQMbdgdnékét@rCQ@9|bﬂ@ 9%a.isThe scduct

66 ted t t l4a of th d t 14 of
Che gener at or C1BICaRAT £01 BUAPLGS (BAhoRPEH™ o RET3NGe  (nbP EhEWN S AV ng

in partlcﬁlarlubr5c$u©rtbatbeahEngeaBBagsnESé3andy5$brmynhoanmmgta m st

i nside the casingyo2: 4N at,manner, a duct 86 feeds the nodule 70
wi th cooling/ %r?cat?ng %%gh dgzbelng provided in a bulge 72b on the
casing 72 that opehd ®ufiiarongheclo sufhatedéf feRdsf targeo®9leadiing

towards the W@&&h9@o¢pln@rﬂ@ﬁrieaégngomﬂaﬁagd Belﬁgpbgév%éed'tﬁelf
connected to circuif of earbox. A | eaktight

l‘]’J;e Qﬁﬁ%ln /1 ubricating

connecti on be?¥kEh ?h%GC%ﬁHnghE2pFB@tQ?pePﬁrSH hifke #API 96 is
pLovi?edl®y amﬁnﬂphfn@f9ﬂﬁe ﬁh@n@é dﬂcfa85ngﬁtsgama@tedetgamgzabe%n(Pot
shown) servi rticu art ricate t ea 73a orm ng
a m st |nS|dé9E e é%gﬂ%% %én g% %7%1p$7 aréE SOPH?Sgaﬂ ¥ﬁe wal | s
57-94 and 77196 ¢¢pkﬂmﬁﬁlmbﬁi@@bvwg Wi thihtt hé t33|ggagzokhe A20

cool i ng/ | ubricatingdi quichdeoms hsetnsige:no! yiee 8 LAG eas pgseS3y 72 so

as to enable the 1 qui
through the wall 96 is provided by a coupling 97a. The

15 duct 86 is connected to nozzles (not shown) serving in
particular to lubricate the bearings 73a, 73b by forming
a mist inside the casing 72.
Passages 57b, 77b are formed through the walls 57-94
and 77-96 in order to recover within the casing 92 the
20 cooling/lubricating liguid from the inside volumes of the
casings 52, 72 so as to enable the liquid to be
recirculated.
It should be observed that the sealing gaskets 58,
78 could be omitted in this configuration. Nevertheless,
25 they serve to separate the cooling/lubricating liquid
circulation circuits within the modules 50, 70 from the
circulation circuit within the gearbox, and they thus
serve to limit any risk of accidentally emptying out oil
residue during maintenance and possibly transferring
30 solid particles between the casing 92 and either of the
casings 52, 72.
In a variant, circulation of the cooling/lubricating
liquid in one and/or the other of the modules 50, 70
could be achieved by specific self-contained means.
35 Such a disposition is shown very diagrammatically in
Figure 6 for the generator module 50. A similar
disposition could be adopted for the exciter module 70.



recirculated. It should be observed that the sealing gaskets 58, 78 could
be omtted in this configuration. Nevertheless, 25 they serve to separate
the cooling/lubricating liquid circulation circuits within the nodul es 50,
70 fromthe <circulation circuit within the gearbox, and they thus serve
tolimt any risk of accidentally enptyingzout oil residue during

mai nt enance and possibly transferring 30 solid particles between the casing

92 and either of {8 .628i 00537 72ncl AoR,Narkants cLooulabion ghiihe

coollng/Iubrlcatlng g Fn°oné and/ or the othér of the ul es
coul d be achie¥ell ByOspécrepéinelfupsararned reansd QBdSHéﬁhaadpﬁﬁﬁsltlon

i's shown VGFY1ﬂ2896§”H§th§Lszﬂ9 cEkguﬁthnboﬁttQ@tﬁ%ﬁe%%%oﬁaﬁﬁﬂ% g250. A
simlar dlsp%5|t|on c gébe adopted for thé exciter _nodul e 3 In

this variant, ?%ep%}au FaeaSesendt 8d Witeh2aPiRRk Mopaf»sing
cooling/IﬂbrltmrmmghlaquoﬂeamdgmfbhmadpMﬁpthélﬁaﬂQroeomhenuaushg, and

ciroul ating i1 v (hinthe gasioa 52. . The; pUmp. Leeds the casipa,f2 via a

plpe 114 passi hg rou an openin or imeé e casing, and
it is connectid @@emh@gtauks1&DevnasadeeVGinmp|pé th6. caAnngpesi ngtputs the

i nsi de voIuneb§$mgﬁgcg@§bggw§ghl@BQ tgggny@bcatlon with the tank 110. The
seal i ng gasket 58 |so ates the 10 cooling/lubricating liquid circulation

circuit inside thelNead¢aying #RdhtEnesciredptePnsh@e the casing 92, the
waljlI 571m1oth &t&ﬂ'nggﬁ@@p@@tﬂmsygﬁug@ &b@cﬁ@&ﬁ@gﬁ eibcunt Ehgdue §heThe
nodul ar architecture Wit st gener at or..and. exci ter
Todul 06 1o peA T i fyELARVERE gebust F i bRate; ERaNEBragt RE wehEnEE 1
cantil evered 5bumoﬁrmmviM@ zagi ogeoning heugkasboxhtopbeskiymi 6&d in

conparison wg Q% ogipl ete S/ G being assenbl ed on one side thereof. It is
a

easy to nount reane t he
The modular architecture of the S/G with distinct

15 generator and exciter modules 1s particularly
advantageous in that it enables the weights cantilevered
out from the casing of the gearbox to be limited in
comparison with a complete S/G being assembled on one
side thereof. It is easy to mount and remove the

20 generator and exciter modules. Thus, removing one of the
modules requires no more than uncoupling the harness 84
from the connector 82 prior to withdrawing the casing
from the module. Maintenance and repair operations are
simple, and in the event of malfunction, only the faulty

25 module needs to be replaced, and not the entire S5/G. As
in the embodiment of Figure 5, it is also possible to
share the cooling/lubricating means with those provided
for the gearbox.

Figure 7 shows ancther embodiment in which the

3G modules 50 and 70 are both mounted on the same side of
the gearbox 90 with their shafts %4, 74 lving on
different axes (elements that are common to the
embodiment of Figure 5 are given the same numerical
references).

35 Thus, in the embodiment shown in Figure 7, the
generator module 50 is mounted as shown in Figure 5,

while the exciter module 70 is mounted in a manner



20 generator and exciter nodul es. Thus, renoving one of the nodules
requires no nore than uncoupling the harness 84 fromthe connector 82
prior to withdrawing the casing fromthe nodul e. Maintenance and repair
operations are sinple, and in the event of malfunction, only the faulty 25
nodul e needs to be replaced, and not the eatire S/SG As in the enbodi nent
of Figure 5, it is also possible to share the cooling/lubricating neans

with those provided, tarchbe gRaLRox, Fhgure 7 shousAnother enhodiment in

whi ch the 30 nodul es nted on the sanme si
gear box 90 mth@tﬁém? yﬁéﬂt§45@f ?h6|yﬁﬁgn@n92dp¢fé@@n@eax@gnxeléﬁﬁhts t hat

are conmon tortbhat gabedbrest @Berggﬁﬁg57@reJl%V%et @a%%@e 7rwr£welrpal
references). 35 Thus, . in_the ure nerator

girbod Qun L) Flgure [,
odul o 50 15 HRENEEn’ A8 ShBRROT AREP G &5 DAL Phle. SREFEEE TnstTe 0 1 s
nmounted i B a seaahéngl4asgenm bBad.t oThhashsliows 4 mokisguwe 5avieuta bei ng

fastened to  LbeysamP vaLLi8d ofchhe cRsing 92.of, the geaphox. cThe frpnt

portion of the casing éngages it a SErbACK 94c
in the wal | 9%t i®gepheraii @hsaeﬁdséhatngega§lr@tce94dnt@héh§h@fatsm dees not

have a termnal peptigprsuch as,thgy p@bt Lan %6%%&'@&%? %hea%%af'tts I's
open at its end that_penetrates |nto the casing 92. The sets of fluting 60

and 80 carri ed® b3t hé SEQ?Fsengﬂgénan7Ee§ﬁ@ﬁtéﬁﬁagéaﬁﬁhﬁééﬁeép@ve104

gear wheels 102, lOPdatuiLQlMI uml Ly, pbtskiB1pOSSI bbapu@ eauplsesithe shgfts 54,
74 to differ % eq&mgg t he 8ea trai.n bn earbox while al so

pl aci ng the uf es“s e%%n g%%ﬁ% S 8fgble ﬂe?ﬁ T84 4§ &%t he gear box.
It is preferaptarbeakthoubgh abscesseningl ftheomotiheesl150shabt snb4ppi4itte be

driven at the;sane speegd. ggglgﬁeggrtﬁglgggggggtlon bet ween t he secondary

circuit 22 of the exciter and mary circuit 12 of
It is preferable, although not essential, for the

15 shafts 54, 74 to be driven at the same speed.

The electrical connection between the secondary
circuit 22 of the exciter and the primary circuit 12 of
the generator requires the use of rotary electrical
couplings or rotary joints.

20 Thus, a rotary coupling 120 has slip rings 122
censtrained to rotate with the shaft 74 and connected to
the windings of the secondary circuit 22 via respective
conductors united in a harness 124 housed in the hollow
shaft 74. The coupling 120 has stationary contacts or

25 shoes 126 in rubbing contact against the rings 122. The
shoes 126 are connected to the diode bridge 24, itself
connected to a connection block 128.

With the generator module, a coupling 130 has slip
rings 132 constrained to rotate with the shaft 54 and

30 connected to the windings of the primary circuit 12 viea
respective conductors united in a harness 134 housed in
the hollew shaft 54. The coupling 130 has stationary
contacts or shoes 136 in rubbing contact against the
rings 132. The shoes 136 are connected to a connection

35 block 138.

The stationary contacts 126 of the coupling 120 are

connected to the respective stationary contacts 136 of



the generator requires the use of rotary electrical couplings or rotary
joints. 20 Thus, a rotary coupling 120 has slip rings 122 constrained to
rotate with the shaft 74 and connected to the wi ndings of the secondary
circuit 22 via respective conductors united in a harness 124 housed in the
hol  ow shaft 74. The coupling 120 has stagi onary contacts or 25 shoes 126
i n rubbing contact against the rings 122. The shoes 126 are connected to

the diode bridhe 2gupitss! f30c00meg! ferh0.a qanNeslLen 0l gckiala WtD the

generator nodul e, a cou g has S ri ngs cons I‘al ned to rotate
with the shaftt84eBfdvisn Haécf@a ﬁ@gﬁﬁénﬁn ﬁél kg ePRRETpPIMEAY s cui t

1ﬁ :‘“t aSLesgﬁCIwe .Ef])mdtlﬁégfﬁréln!s%étgq:éa @o%h@%@t&%e@%&%hkeggnbhe holblbow
sha : e c g s, stationar con S 0 es i_n rubbi ng
cont act again%??r§e5gfi%gsa&%Z?h%ﬁea§ﬁogénT§8t§ t@oﬁh@cEgSCﬁé 3 28onnect i on
35 bl ock 338.13he stationary contacts 126 of the coupling 120 are

connected 10 the respeetive.stationary contagt s, 138 of, 49 csLle goupling 130

via a harness 140 rovid or engaglng in
t he connecti ot dckis nqq@ssanm t@a@saréO§éCMr@&eﬂér@héloapgpdeggéfOmhe end

wall's 76, 56 ﬁ@a@raé@ug@m@@ﬁegléetw@a?' eckfel28onomédBs HaviBGnt he

shafts 54 and 75 |y on different axes nmkes it necessary to use rotary
electrlcal(xﬁﬁﬁl?ﬁﬁﬁ%ﬁnafblﬁ@g brtafui barehpner eBPPEEEr é6nRECTILER Sneans
bet ween 14 he @tadtonaf Ve.arisi 1 0t @r yn pasthoNsg BAVWEMEBHULEsPBOYI des oh0 tgeeat er

the di ode briGHE TF o "Sohb GEHbrSS r B0t 181 t b beMoaAt 8 SRS SEaEronary

portion that Fectitesub) ot edotmt¢tiecost aessesicaasgdpbytionathen of the

shaft 74. 15 Rinc& 0.5 AT endsyptL ¥ JLT ¥ensbY £Dergearhey. oiet the
shaft 74.

15 Since two $/Gs are usually driven by the gearbox, it
is also possible to envisage mounting two exciters on one
axis for feeding respective generators. The two exciters
may be housed in a common casing, with twe sets of
winding or they may be disposed one behind the other, or

20 in two casings forming two exciter modules on a common
axis and mounted on either side of the casing of the
gearbox.



is al so possible to envisage nounting two exciters on one axis for feeding
respective generators. The two exciters may be housed in a common casi ng,
with two sets of winding or they nay be di sposed one behind the other, or
20 in two casings formng two exciter nodules on a common axis and nount ed
on either side of the casing of the gearbgx. 16 WAT IS CLCAIMED IS: 1. A
starter/generator for a gas turbine, the starter/generator conprising a

gener at or mntﬁﬁgTrggOéLAfﬁﬁglgg a primary magnetic circuit and a stator
forming a 5 secondary nmagnetic Circuit, and an exciter with a stator
forming a prikhar¥ ﬁﬁ@ﬁéﬁréGQﬂﬁé@tpraﬁéraar@ﬁ@rtﬂébﬁhﬁg &hesecondary

magneti c ClrCgtértéhﬁg@ﬁ@fé@éégéﬁﬁ?ﬁEQEngCQ”Béhékagor aikhrat reRdyl e or
gener at or Ple conpri si irst casin he generator housed in the

first casing %ﬁﬂl%gf"f‘ r%%“gﬁﬁff’tm%%ﬂ%ﬁ%l ﬁéélctlétr Bhdt 8 RCPROENECEBLDE 6f

t he generat Orseﬁ)df@m@@i‘y ngafiem theittnst, cagingnandcicarr ying a kkbsbr
mechani cal COMp q¥ﬁ£rlmar sec ong.nndule or exgiter nDdufer onpr|S|ng
a 15 second ca5|ng, exel ¥ F9R0ustd Fhtthes8tond ESEPﬁg,O and%a®second
shaft securedseeondtray engdndtihecintoitof thehetexterégenehetsecond shaft

bei ng di stinctyf fggfﬁ@e first shaft, projecting fromthe second casing,
and carrying a second mechani cal coupling menber; and 20 an el ectri cal
connecti on conprisi My B FektTedele andyaperehst BAEUEBNAEEPSESLEE 2

connect i ny thﬁﬁ@&&f@@iryg, CtheUhénoOfathe BYEEEQr ihothherprkiBEYsg¢hpcuUi t of
the generator. %HEAE %é enerator ;according to cLal 1 mhergln t he
electrical c ‘%éil b g? FE%%?e?ntBaF?tﬁ??hWﬁt tﬁg]sﬁ8F9§ 3 A
starter/ generidtorgatomtthng to) etai my 1f oomcthae nt 2rst 30akunthendconpri sing a
per manent m%rﬁ%réﬂp{rg@%@&q&ical coupling member;
a second module or exciter module, comprising a
15 second casing, the exciter housed in the second casing,
and a second shaft secured to rotate with the rotor of
the exciter, the seccond shaft being distinct from the
first shaft, projecting from the second casing, and
carrying a second mechanical ceoupling member; and
20 * an electrical connection comprising a rectifier
and at least one connector for connecting the secondary
circuit of the exciter to the primary circuit of the

generator.

25 2. A starter/generator according to claim 1, wherein the
electrical connection is housed at least in part within
the shafts.

3. A starter/generator according to claim 1 or claim 2,
30 further comprising a permanent magnet generator having a
rotor carrying permanent magnets and a stator forming a
secondary circuit, wherein the permaneni magnet generator
forms part of one of said modules, is housed inside the
casing of the module, and has its rotor constrained to
35 rotate with the shaft of that module.



rotor carrying permanent nmagnets and a stator formng a secondary circuit,
wherei n the permanent magnet generator forns part of one of said nodul es,
is housed inside the casing of the nodule, and has its rotor constrained
to 35 rotate with the shaft of that nodule. 17 4. A starter/generator
according to claim3, wherein the permangnt magnet generator forns part of
the exciter nodule. 5 5. A starter/generator according to any one of

claims 1 to 4, Mh§£§£9e§Pgé§@§5tBPeaeEoEBQnGD€B|@§ahﬁ assoeiaked tWeth a
devi ce specific to the nodule tor feed |n%ﬁ|t with “cooling/lubricating

liquid. 10 6.PABIRFRerTYSNRFaBBRCRREBFdFAG BOPEFAI RE5IPRhERELRSFhe shaft
of the nodul em&ssoej ated with a specific device for feeding it with
cooling/lubricating liquid projects from the casing of said nodul e through
an opening that is provided with a sealing device. 15 7. An assenbly
conprising a yeak boxafoer fggasréuobi aecohdvnogta gearbnainfmbﬂhiaspﬂurality

of gearwheel Sté‘oélsﬁﬂlefé‘lﬁ £8S| 09 apde aL | Eﬁét gBﬁ%Ea? ﬁl%%%%%r

coupl ed mechani ca he gear box, Wwherel enerator is
in accor dance’ Wit 2 ¥V brR SRECEfaFnto1tke EOd@é@hf@f ﬁﬁ@dﬁﬁgsﬂtaﬁétéecond

coupling nerdbessidg/ cospl &gk 19521 9§afuheel of the gearbox, and each of
the first and second casings is connected to the casing of the gearbox. 25

8. An assenbly according to claim7, wherein the first and second shafts
share a TOMUOA. axi st ande af e conpt ed é@coﬁdﬁ;ﬁ)djm')@ geatwheel wakrehea gear box,

and the casi S, t firs nd second are_sep rat I n cted
to the 30 cgg}ﬁgi‘?P éad%a% Hox o%so% 5T e f%e% fﬁ%?e ¥ﬁ%ga§§enbly
accor di ng tC)ﬂﬂ%ﬂkﬁ@ﬁl@%ﬁﬂﬁhrﬂ@¢¢ﬂmgftmbramdtsegohdqshdfpsoaﬁetﬁofrem a

conmon axi s %tébeslfﬂd $f said module through an opening that is
provided with a sealing device.

15
7. An assembly comprising & gearbox for a gas turbine
having a geartrain with a plurality of gearwheels housed
in a casing, and at least one starter/generator coupled
mechanically to the gearbox, wherein:

20 the starter/generator is in accordance with any one
of claims 1 to 6, each of the first and second coupling
members is coupled to a gearwheel of the gearbox, and
each of the first and second casings is connected to the
casing of the gearbox.

25
8. An assembly according to claim 7, wherein the first
and second shafts share a common axis and are coupled to
a common gearwheel of the gearbox, and the casings of the
first and second mocdules are separately connected to the

30 casing of the gearbox on opposite sides thereof.

9. An assembly according to c¢laim 7, wherein the first
and second shafts are not on a common axis and the first
and second coupling members are coupled to respective

35 distinct gearwheels of the gearbox.



and second coupling nmenbers are coupled to respective 35 distinct
gearwheel s of the gearbox. 18 10. An assenbly according to claim?9,
wherein the electrical connection conprises a first rotary el ectrical
coupling having stationary contacts and rotary contacts connected to the
secondary circuit of the exciter, a 5 secopd rotary electrical coupling
having stationary contacts and rotary contacts connected to the primary

C Ut o LheogoRAT BLLu80daACSLALLANAEY SATNCE! | GRc 2qNSRL] ng the

stati onary contacts o 1 rst cou the'r espect ive
stationary copt@efsieslt ﬁ@nnﬁgtséaoﬁémpméﬁfﬁ éoéiplrusr@g roferyAs legsdasiayg

according to @b@%mﬂr@ m@fegﬁgl Bthh@oné%?t Ebhehcks laa%aerrro%@rlyn cbme;a%tt%tl onary
connecti on. 1 An asse according to an% one of clains 7 to

wherein at Ie%%?n%ﬁEeﬂftPhEhﬁnaﬁFggd?§Yf€arﬁﬂﬁ Oéo@@@n&FF&EﬁFca@lng liquid
froma coblingétubai catihng ellequrﬁjcallr cuupmﬁgt h@vg@@r baxti20z2ky. A gas

turbine fittegoxéggtgnag seg@ aggg Qg connec e%n%ookhgl%kq%a7yto 12.
circuilt of the generator, and a stationary connection
connecting the stationary contacts of the first rotary
coupling to the respective stationary contacts of the

10 second rotary coupling.

11. An assembly according to claim 10, wherein the

rectifier is inserted in the stationary connection.

15 12. An assembly according to any one of claims 7 to 11,
wherein at least one of the modules is fed with
cooling/lubricating liquid from a cooling/lubricating

liguid circuit of the gearbox.

20 13. A gas turbine fitted with an assembly according to

any one of claims 7 to 12.



