1 Title of the invention A distributed architecture for a gas-turbine
starter/generator 5 Background of the invention The i nvention
relates to gas turbines, and nore particularly to nounting a
starter/generator (S/G on a gearbox, or an accessory gearbox. The field of
application of the invention is that of gas turbines for 10 aeroengines for
airplanes or helicopters, and also that of auxiliary power units (APUs).

In a gas tu%piqg, certain pieces of equi pnent or "accessories" are driven
by a nechanL&éLfmﬁﬁ%ﬁﬁiéﬁﬁﬁﬁﬂgﬁﬁb mechani cal power taken from a turbine
shaft. The 15 diethdhiutald taraisimessiure i it ldem s tsetbiofe gear wheel s housed
in a casing d.s refer 0 as a gearbox or as an accessory gearbox.
Accessoriessigﬁ?ﬁﬁﬁ[ %g%b§$%¥iular various punps for producing hydraulic
energy, of for delivering fuel or lubricant, and al so one or nore

20el ect rg calg ¥ilround of WHd &R HaSidairbine is in operation, the or each
S/ G acts as TCI d produces electricity that powers

one or nore el ectiieciifyeditsiiqn fplialieTdit 43S ot R e s i PARPH the

hel i copter @@ tildh1endiyels mod e 4 her gase d AFdridwatsr stedn an S/ G can
be used as a st rtercgﬁ bei ng connected to an ternal. power supply in
order to se@%HEGas Fuh 'erﬁséb%&%ﬁﬁ%%‘byeﬁb‘? a’%ﬁ%g&tc},ff tur bi ne shaft
to whi ch theapgddrdagd drs ofortrec tiedrerdlidon S/ <G Wiatk moivgds peatoinpes sesr a mai n
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with a primafy avgddtany gowan tuniftee GRlondary circuit of the exciter

povers the main 3% 0WRls Quddihey MO0 000S A Ple i Forferdecdi 1 er such
as arotary diode bridge. In electricity generatjon node, the secondary

circuit of {'REQARHSTOUS Mforfbriatst Py 'a mechanical transmission

using mechanical power taken from a turbine shaft. The

15 mechanical transmission includes a set of gearwheels
housed in a casing and is referred to as a gearbox or as
an accessory gearbox. 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 S/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 a 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 rotor 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 synchronous generator via a rectifier such

as a rotary diode bridge. 1In electricity generation

mode, 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 main
rotor powered by the exciter and the mai;n stator powered by an alternating
vol tage froman external source act |like a synchronous nmotor. Such a known
SIGis arebabaigkk Oyl ky. &%@9{? tR12AUPIRNG LA IS JiSYaldl y mounted in
a speci al sing on one SI ox and that is nechanlcally
connect ed t REABREY Thirsul&akeing 6@@@§¢ﬁn@néeKaP@@eénﬁaﬁm-dﬂr§G§ce and to
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a stator formng a sSé egtic circuift, an exciter wi'th a stator
formng a pr|nar?uﬁhgﬁekhéwclSéﬁlﬂsaﬁdrﬁlﬁ@ﬂ@ﬁlﬁobwﬂhg Riseseordary magnetic
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and a f|rst°§ﬁaﬁﬁd€oﬁ§tFQ?ngﬂaFgOFoﬁégetﬂﬁFhl§h@eF§P6ﬂC§ﬂlﬁhe gener at or

proj ecting tebamethedf theke€asi NghaBd13adeakby bgupyiingst neelani cal

coupling rrerrbouht of space and to presenting a significant weight
that is cantilevered out and therefore requires

15 attachment means of sufficient strength to enable it to

be mounted on the gearbox.

Object 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 module 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 c¢oupling member;
a second module 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 mechani cal
coupling nenber; and 5 an electrical congection conprising a rectifier and
at | east one connector for connecting the secondary circuit of the exciter
to the prlnary circuit of ener at
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exciter shodul e far JHRIALLAANCE 101 IR AGIR HonPH RGOSR -a rectif&ording to
one feature, the electrical connection is housed at l'east in part inside
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20 passage arRATSioR thie Rctidr ad) tNacinor: Acenridi RE titheanot her
feature, the S/IG further conprises a pernmanent nmagnet generator having a
rotor carryi9vg s nent magnets and a stator formng a secondary circuit,
and the per manenBermgizet oferndreatmardular architecture of the S/G, the

10 generator and exciter modules having distinct mechanical
coupling shafts can be mounted separately on a gearbox.
Thus, the weight cantilevered out from the gearbox can be
made smaller. In addition, because it is possible to
disconnect 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 passage for passing the electrical connection.

According to another feature, the S/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
module.

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.



25 fornms part of one of said nodul es, being housed inside the casing of
that nodule with its rotor constrained to rotate wwth the shaft of the
nodul e. Preferably, the permanent magnet generator formnms part of the
exciter nodul e. 30At | east one of the nodul es may be associated with a
device specific to the nodule for feeding it with cooling/lubricating

| i qui d. Under such circunstances, and advantageously, the shaft of the
nmodul e associategﬁmnth peC|f|c device for feeding it with 35
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In another embodiment, the first and second shafts
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 to 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 liquid from a

35 cooling/lubricating liquid circuit of the gearbox.
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module in an embodiment of the invention;

Figure 5 is a diagrammatic section view showing
the generator and exciter modules of Figures 3 and 4
mounted on a gearbox in an embodiment of the invention;

Figure 6 is a highly diagrammatic view showing a
variant embodiment of the cooling/lubricating liquid feed
to the generator module of Figure 5; and

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
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
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
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.



section show ng the generator and exciter nodul es nmounted on a gearbox in
anot her enbodi nent of the invention. Detail ed description of enbodi nents
25A field of application of the invention is that of gas turbine

aeroengi nes, of the kind shown very diagrammatically in Figure 1, but the
invention is neverthel ess applicable to other gas turbine aeroengines,
typically to helicopter engines, and also to auxiliary 30 gas turbine power
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avi ng. ot 2 5CRERE She “BRdr Bt BRETERBRCoRAPECE BORREACSD AEMG) BBrny mount ed
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clrcul 12 an mal n~s ornln a secon mag netlc CIrCUI “14. The
exciter 20 has aTh@t@Ynﬁbrﬂnﬂgsageﬁegétgndéﬁycnaghetutlogrthetm22nthat is

connected tp.ahigethdies Aueh ﬁétérr95§ﬁ¥ng'hcfr9ﬁhg9 %é nafdca stator
forming a primary nmagnetic circuit has a otor 32 carrying
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circuit 14. The exciter 20 has a rotor forming a

15 secondary magnetic circuit 22 that is 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 a 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.



20l n electricity-generation node, 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 circui4 such as an on-board network 44 of
an airplane or a helicopter A generator control unit (GCU) or regulator

circuit 40 is povwered b Vi a rness. 38... The circ
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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 of 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 of the casing 52



25 the generator carrying the windings of the primary circuit 12 is nounted
on a shaft 54 that is supported in the casing 52 by rolling bearings 53a,
53b. The stator of the generator carrying the w ndings of the secondary
circuit 14 is secured to the inside of the casing 52. 30 The harness 18
conveying the voltage that is produced ig connected to the secondary
circuit 14 by passing through the casing 52 in | eaktight manner, or el se,
as shown, b%hg%ingagggnected %gga.connecti 5%3 itself c%nnected to
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rotary gaskeha@t 84| abyrantyhotype dewicag Shetshaf k.94 arepeets through the

opening in the 10 wall 57. and | xtended.out si de the casing 52 by a
portion 54ag%?k§gaPF aigﬁ@?ﬁﬁpkihggpﬁongéﬁeCarries a nechani cal coupling
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in the casifgckanb¥abeabipisnd3memibdl. ihhenst abeh 6f thatexel 6 €8krying
t he wi ndi ngs of ge grlnary circuit 26 20is fastened to the inside of the
ne

casing 72. FH@™R —dogt cBRTEYFAgPENEPHolEr SdPprYIcurrent of the primary
circuit 26 i s comnecérditbermbauby passbngribesughet BRciter 20 and

15 the PMG 30, which are housed in 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 is itself connected to the secondary circuit 26.

The casing 72 is 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
to an annular portion 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.



wal | of the casing 72 in |eaktight manner, or in the exanple shown, by
bei ng connected to a connection block 2575 that is itself connected to the
secondary circuit 26. The casing 72 is generally cylindrical in shape
and is closed in |eaktight manner at a "rear"” end by an end wall 76 that is
fastened, e.g. by bolts, to the rear of §he 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 annul ar rt Qn /7a s ndi n central | The
annul ar portion %1 Qra ited tl?éoé'&% Sn Lé‘?‘?élqgh hQ S LAY qug &q\ 9% Pdeal 78
having its ehed keadn Mg agal esitenis @uitsidke e amesmfg time tdteaffior2d ofor any
ot her seallng st h rota, devi for
exanpl e. % l%ﬁe%g%a#%r$%'ﬁgbje%% Eﬁ}oughCQ%éﬁ' n%%gﬂﬁg%lﬁééfby t he
wal | 77 andlgxt@ﬁd§omutQidélwhelaa§ﬂhg inthe formof a portion 74a

carrying a rrecha%cac'h Ceibhing ERIRET, ). PN §d1qsf9frdar9;fecf |14t ign@ 80. 5In
t he exanpl e shown, th 0 is mounted in the casing /2 between the

exciter 20 &AGiNFe 7@né’e®ét’lelen76heﬂ?é<qw¥etzso :?41doftbceh§r’lﬂlvﬂa§fle Foxst ened to
the shaft 7%e\/\/ﬁialg@ett@e 3w R "G q:fMd he- s eondaled aid alid St the PMG are

The el de. 6P fe Hogs PAGHRISTIRE CUk SRCTAR LT Che AL 1% iR por L ed
by the har nese 38;tuafttiech fcaa:irtge tcmmexgmact d4a edieh;nq cslimmrpTadrmw aci rcuit

36 by Ssin hr,qu f t er, or as
in theaﬁxa %eksﬁqm%%s%%%b qglcg%ﬁ%b egﬂﬁl§¥%e co%ﬁ%ctlon ock 75,
itself connew&e@nﬁopKW§qmednhn/HhawﬁMQ 136 transporieddit e adipas it

shoul d be ohger yed dhhabnt be RMARRSL QY R&t8Eassdite Jdinaxyal So possible

to integraté the PM5 in the generator nodul e |nstead o in 20t he exciter
modul e. CATEHGr 361 GHie RS SO TR S a0 oo d% GRS Bl w th
reference aligo 1@@@1@%@&%@ Ehows ﬁrhecﬂmd;ﬁa@mwﬁcﬂdn Oy tgeiargox 90.

The ge%erox c%%n%%t rdI %: ececlzsolnn chiocno cri( n./g5 a itself connected to
the primary circuit 36.

As mentioned above, it 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 also to Figure 5 which shows the
modules mounted on a gearbox 90.

The gearbox 90 comprises a casing 92 containing a

25 gear train 100 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 94 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



25 gear train 100 and it is nmechanically 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 enbodi nent of Figure 5,
t he nodul es 50 and 70 30 are nounted on respective opposite side walls 94
and 96 of the casing 92 and their shaftg;54 and 74 are coaxial. In the
exanpl e shown, the shaft 74 is hollow and forms a sheath into which the end

portion 54a ofhthe shaf t §eggt%ates in order to rov ood al i gnment.
35 The setsVoffFofPhg 80 an Yhald FHEmEQnénsFEe éﬁa Hégéaaﬁd t hey nesh
with a connbhrge@hmhhelgé@?wbéenheogearwhalaxiem cbheéagebs ohefl uting 60

and 80 engaging., 10;wi b ¢omol,g | UhLg.Lorged,i Boanoaxial, passage
eel 2. ?E §§ | a ? E &P }69 is

t hrough t he®gear gear whe .
supported ilpeahengasPig, 922by wmthl agnbéarl ggskeps, 9§abanvﬁ PRbahadhar

gasket S5 932; 200, 038 BEL(GeR LRSCELedigtwny tBoLbeaki fs 928nt92b and the

front wall t he casi ngs 72, respectivel g In a variant,
only one ofW@hbSs%5f¥365qas¥ﬂgﬁeéa padcdapl EASBEFEAVEYYto the gearwheel 102

by the flgtlng |t%C§r6éF§anﬂﬂtbnl9eo§BaBEStB@|Bﬁa@@@pbﬁﬁ UQﬁﬁbéafbﬁn 10
rotation y a anl ca onnec on X sSnown e
oottt oal e Eed B et hRohe, hhSoaearars Lai PacPY SBBoFLEReNgy it or and
the primaryc&rriaest Qﬂtnfthéesgeﬁesabeingassepledatbbethe$|de of the shafts
74, 54, both €f mhlch are hgk ai5ch$Mgr£h8Iess it is not necessary for

|

t he sh%?t 52°T 3t HR" h0¥|OMI prOV| |ng rovrdes a passage for the
el ectrical connettibhe exaophecshows?2 thefaéeehedcab thenenside end of the

shaft 74 Sob@§wé@nb@h@aéé&anag9985&9hslef§§rokheh@ngx@@Lgr7§nBa§heeen

renoved. The connect or Is"connected to the rotary di ode brldge 24,
which is faB%b%@HVoﬁl¥ﬁ@l§hé?t0?4taﬁdgﬁﬁﬁéﬂtp§ PBAREE! ¥dat Shenéngéesndary

circuit 22.of the shéfbarm¢$8584 pasEesfalpneht Beeshalitsw?4, 74 to connect
ront bhd DUFYFERhEIEERe bbr FpnaPEl TREFFoBFY: AR okGPngNSstp et PaPES in &
set back 94ahébroed pnothéimal it9drofritibs gepabeageaﬁongthéogether wth a
sealing gasgfécgéPCaincéggegkfgﬁltYAOLohB§c£59n§2e9g’fgggeﬁgai98 %ﬁe
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 diode 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. 1In 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
coinciding 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 59 to the wall 94. Other fastening techniques

could be adopted, such as a quick coupling technique of



30 presents an external flange 59 that cones into abutnent against the
outside face of the wall 94, with abutnent coinciding wwth the fluting 60
bei ng coupled with the gearwheel 102. The casing 52 is fastened to the
casing 92 of the gearbox by bolting the outwardly-directed 35 flange 59 to
the wall 94. Qther fastening techniquesqigould be adopted, such as a quick
coupling techni que of 11 conventional type using elastically-deformable

| ocki ng menber s m | ar ne port n_of the
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shoul d be oFL&RFEES I‘éj@ Cﬁa gﬁﬁ’gl o fhé e%% q%é%}rﬁl{n)%h Sorti ons

of thg shaf bats4 dendaté odultthe?2aid |9rﬁvemetch, aknttmdrhe cshafCtlelm@el ng
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hol | ow onven nner 90 1s fitted
with a ci rcmatsmgr TReddi Hgsittendid e ddla epsdimy 22 |qﬁorﬁf®tqer¢gth>mhm whi ch

ci roui t 1 nokiudes g LaRK Rt FRPISUWRL WAL PWB o tspldeilid vafoy bei ng
coupled with the gearbox.
fastener means, in particular quick coupling means using
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 into a sheath formed by
the hollow shaft 54.

In conventional manner, the gearbox 90 is fitted
with a circuit for feeding it with cooling and

25 lubricating liquid, 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 liquid from the circuit of the

30 gearbox.

Thus, for this purpose, a duct 66 for feeding the
module 50 with cooling/lubricating liquid is provided in
a bulge 52b of the casing 52 and opening out into the
surface of the flange 59 that faces towards the wall 94

35 so as to be connected to a pipe 95 that is connected to
the cooling/lubricating circuit of the gearbox. A
leaktight connection between the duct 66 and the pipe 95



The modul es 50 and 70 may be fed with cooling/lubricating liquid fromthe
circuit of the 30gearbox. Thus, for this purpose, a duct 66 for
feeding the nodule 50 with cooling/lubricating liquid is provided in a
bul ge 52b of the casing 52 and opening out into the surface of the flange
59 that faces towards the wall 94 35so as to be connected to a pipe 95 that
is connected to the cooling/lubricating circuit of the gearbox. A |eaktight

ti t nd_th 95 12 th h | 94 i
br ovi ded vi BAEoB8lpt g 858, g odBse 6aTs "aanAecPUl 8% 6Bl | 18Cci roui ¢
14a of the decbnfléryscirooetted vb theogénegatarcudt aéd ptf itkeal so
connect ed thEBééégg %E??u%EOWQ)o%e%Kbngeh% B%B% ﬁH'aEnBO g Egbéh%%te the

beari ngs 53a an ormn m st |nS|
simlar nanﬁ@nneétadctOBBOﬁééa§ tn@tnﬁaewe>7§ewwﬂngcéalpﬁgﬁugbﬁaéatpng

l'i qui d, 5be'PQbPE@MtQEQhénb@aPthg %3h Qﬂdt@@bcﬁg ﬁgrﬁgn hat ngRens out into
the 10surface of the flange acing towards the 6 in order to be

connect ed tbnélﬁ?p5h97caﬁﬂgglp connected to the coollng/Iubrlcatlng circuit

of the gearbox. Anl eakiilghtmannse¢t hogubet Beemcbie duet m8Buasd7phe pipe 97
t hrough t he caou uct 86 is

ded b 97a. The
connect ed t%mﬁ%szgél%ﬁgiuékéﬁﬁflégr&ﬁﬁ&gd‘n §FPSCBF8V1é8dIﬁBchate t he
beari ngs 73aul@8b7Bp 6orhthagcasimgt 7Rnshdé bpensashnglﬁzo the Passages

57D, 7Z§har§u£9588d§%h% ggléggﬁmab'?ugzn 4t8@9r§§ a?ﬁdﬁﬁeEB recover

wi t hin e casln i ng/ atrn ron1 I'nsi de
vol unes of @héeéaEPnég sonngoted 59 BoPérgbPé, thésﬁléupénﬂgcb@d to

recircul at eghe coollh%/§ﬁQE£Qa9@n@b§§E¥§§ttB@tthgeg§§§bbﬂg gaskets 58, 78
could be omitted,in this configuration. NevertheleSs, 25 they serve to

separ at e th%eéﬁBFgﬁblFﬂBP?EE?PHngFHGFH EnpcAPsti B enAchhesPHPENPH t he
modul es 50, tHPofigenmthéewall 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 liquid 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.



circulation circuit within the gearbox, and they thus serve to limt any
risk of accidentally enptying out oil residue during maintenance and

possi bly 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 nggules 50, 70 could be achi eved by
specific sel f-contained neans. 35Such a disposition is shown very

di agrammatically_in

Figure 6 for the generatar. nbdule 5Q. A s
di sposition coul&nbghégoBFé&aPGV FE@ g§%¥¥€?%ﬁodﬁlésf§01af§d Wit Fn this
Yarlagt éheaﬁﬁduﬂe 8@ doassgyilabed csittihoa ltiagk dl Bddofvicdola meipubri cati ng
iquid an i a_pu 112 far,_caontin sl Ny l.at.i ng.it he
casi ng 52. $hé EﬁﬁpCE@%&EHPHSlééé?ﬁ&“@f%vPﬁ'a p%ﬁt%%f4Q6§§§¥%%§§Pt%rough an
openi ng for Fke¢ pumphéenrds| tbe rheiogsisdg viand pipes Iddnpessédd o the tank
110 viaga rehyen IBI S Wg’gﬁléﬁ’e%%i iRt h& 1ngisde neol s Hof, they casing

52 into connunlc dti on The seallggégasket 5 |solates t he
10 cool i ng/ R&biisc aorngatiequite @Pﬁt@@ﬁh(%iQnWQﬁu% Ledirde e dddi-ng 52 from

the circui tAhn%?@%lh@eE‘&%g' R&I2ndtifR WaJllunk? JFOtt Hea\Walkd nds 20aiong such
as the passage ur.e The dgé_r architecture of the SIGwth
di sti nct 15CQ@W€PéF8FlQHdWé%51F§F %5%% ‘s particul arly advantageous in

that it enables trhe webghhs garlidte\dd ddoduttdsr amet he casing of the gearbox
ther eof01 ¢ 208880 PR IS8 Hen d Puigl B e S s AT AbLRNe o1 de
casing 52 from the c1rcu1t inside the casing 92, the wall
57 not having any opening such as the passage 57b in
Figure 5.
The modular architecture of the S/G with distinct

15 generator and exciter modules is 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 S/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 another embodiment in which the

30 modules 50 and 70 are both mounted on the same side of
the gearbox 90 with their shafts 54, 74 lying 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 nodul es
requires no nore than uncoupling the harness 84 fromthe connector 82 prior
to withdrawi ng the casing fromthe nodul e. M ntenance and repair
operations are sinple, and in the event of malfunction, only the faulty 25
modul e needs to be replaced, and not theggentire S/G As in the enbodi ment
of Figure 5, it is also possible to share t he cooIing/Iubricating nmeans

with those rov ded, fo h E ear box. gure h ws anot dinent in
whi ch the a8 RbAAFo5CobhaRGsBEh, S SRyt B o DERa0s SRS LEPAE 6P t he
gear box 90 mhehsamelwaihaﬂﬂsof4thé4cbyung 62 odiff teeegtaaves . ( elfarent s t hat
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ref er ences) I men ure ener at or
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nount edsi n §eH§EHSrga§ﬂe§'thar TﬁetQﬁ%f%hgwndb@th%%rﬁaﬁe Rut bei ng
fastened to the sanme wa of the casing 0 earbox. The front

portion of FﬁéméﬁéﬁnaoyﬁlﬁﬂtﬁuFHeaﬁl5H6e9?§t998n5éﬁgﬁg §1PHT8 et BAEK 94c
in the wall i84ist egehhat WkheadSsBati pgngaskets94droThaeshaklingd odoes not

have a term nal rtion such_as the rt| 4a of Fig re L a IS open
at its end that ggﬁe??g?eg%iHEBtfﬁg sFHé ég carrled 8 §BFSSEPfFFut|ng 60
and 80 carrbédaby Thetbhaf esagbdeand ZéspbemleagggarwheeéspéOQLvéogearmheels

102, 194, 100 uiablyaghl, | 5ePosshle; boccaupLe, e Al Lpags 34 L0

di fferent gearwhee ain’in the So pfacing the
nmodul es 50, 7?ot©nd@§§@§ené g?ééyhgﬁlﬁh@fcébﬁnge@rtﬁhéngéarbb%

It is prefegégkﬁexa%BEQHQBlBBtp@ﬁé@ﬁ&'%he hebutlBe bashabt nS4ppldite be
driven at the same_s he @l ectrjcal conneCtion between the

secondary cFi€8ftOob2thbe cR8iBIcPEeFPEnESRRROBrinary circuit 12 of the
generator requires ibepus€eobblel anythbaghr heal eseaepkings @brrehary joints.

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
constrained 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 via
respective conductors united in a harness 134 housed in
the hollow 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



20Thus, a rotary coupling 120 has slip rings 122 constrained to rotate with
the shaft 74 and connected to the w ndings of the secondary circuit 22 via
respective conductors united in a harness 124 housed in the holl ow shaft

74. The coupling 120 has stationary contacts or 25shoes 126 in rubbing
contact against the rings 122. The shoe?5126 are connected to the diode
bridge 24, itself connected to a connection block 128. Wth the generator
modul e, a coupling 130 has slip rings 132 constrained to rotate with the
shaft 54 antdh8ocesradéoged 3o Vilke awhadnsss 3120 WEISH A PrOVAcE 2f2 via

respective ¢eRduelors tuniheds For RAGRARSHgl3h housebrinedtienhelloaksshaf t
54. The couEI ing_ 130 has stationary cont %%g or_ shpes d]‘f% ienernlébbi ng
contact agatfsr tHé EhRgs 2F$ SermEeshs&s oL léger?néj ed“t &'a connection
35bl ock 138walls 76Fh&6stald amharty acentcacineck2sl dfo tiie ddgglkisng 2820 are
connect gd t é%he respective stationary contacts 136 of 15 the coupling 130

via a harne 140 which is provided at its end with plugs for engaging in
t he connection bHackngl42e bha fitlsats dareds ddurled nd arhalidfiediedds a6 he end

wal l's 76, 5%\ %@@ Tigatrﬂe%reess%(}ﬁﬁg.%t ed Qottré%ﬁplélcé%%r]i?&l E_bjo'fﬂ%)lings orHavi ng
t he shafts .i'and 5 1Tying o ifferent axés makes |t necessg&y to use
rotary el ecUpiodls esusiduwgalent Gilecs rgeady st A &431T ’Qﬁﬁﬂbction
means be]E Y\B%!Rg_t {éi%astti%a(}@arahcﬁ%tﬁqtya@?rlrtqrdﬂﬂnShoﬁtﬁmﬂveirt |grcngm:asje3 10
greater exibility in nmounting the nodu eségg 70, 0n t g ox .and it
enabl ed0t he IPGHE b i G 34 1Y dgh@osidn &t fniloeq’uolteos B’@ ’rmeﬁdntoend tghne a
stationary peslrbex tahat iits oheiblsshjwet ed dde thel dde edbsesr causedtier ot ation
of the shaf tre7c i 15e§r| r%%e k;[ewzjno%/n 2f'dn %S%Atyicq{éflfrb@tf&? aeA bax, it
' not subjected to the stresses caused by rotation of the
shaft 74.
15 Since two S/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 two 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 wi nding or they nmay ?ﬁndisposed one behind the other, or
20 in two casings formng two exciter dul es on a common axi s and nounted
on either side of the casing of the gearbox. 16 Wuat is clained is: 1. An

assenbl y ri sing a gearbox for a gas turbine having a geartrain with a
plural i ty)ﬁggﬁaé’%"ﬁggéﬁ's housed in a casing, and at |east one
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connection is housed af Jegst | ar. i thin S : T enbly
accorth ng®ae8ng| ﬁmfﬂ“‘s;’a&"?ﬁéf’ e P’Y'ti'i "ﬁ”& rgkﬁfeéfﬁﬁﬁe%h%r@érﬁ%t% egﬂtbggﬁgef?at or
havi ng a p&ihg HisHAS oM thefristBINER) projeetirgf forarttle dessrat casifigyramdragryingeondar y
circuit, wherein the pernmanent nagnet generator forns part of one of said
nodul es, §esoRdmeshanical eRUAlRG mera ‘l"fgaBg the nodul e, and has its rotor

constrained t oy gledfrRaltdrihcktién ebmblising atrBaiifietaad! least one connector for
connecting the secondary circuit of the exciter to the primary circuit of the
20 generator,
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
modules are separately connected to the casing of the gearbox on opposite sides
thereof.
25
2. The assembly according to claim 1, wherein the electrical connection is

housed at least in part within the shafts.

3. The assembly according to claim 1, further comprising a permanent magnet
30 generator having a rotor carrying permanent magnets and a stator forming a
secondary circuit, wherein the permanent magnet generator forms part of one of
said modules, is housed inside the casing of the module, and has its rotor

constrained to rotate with the shaft of that module.



17 4. The assenbly according to claim3, wherein the pernmanent magnet
generator forms part of the exciter nodule. 5 5.The assenbly according to
claim1l, wherein at |east one of the m)dul es is associated with a device
specific to the nodule for feeding it hith cooli ng/lubricating liquid. 6.
The assenbly according to claim5, wherein the shaft of the nodul e
10associated with a specific device for feeding it with cooling/lubricating
liquid projects fromthe casing of said nodule through an opening that is
provi ded g t h hes @akémBlyd @6t6@ing’ to Aflai® ST MMhereis cthiedipegméanertt! miagnét
wherein at |east one of 'the nodules is 15fed with cooling/lubricating

i quid frgmeaat@bf@rmﬁ@ﬁrtmﬁlth%am@gquq'!ﬂ d circuit of the gearbox. 8. A gas
turbine fitted with an assenbly according to claim1. 20 9. An assenbly
conprising a gearbox for a gas turbine having a geartrain with a plurality
of gedrwheel s Freussatmbly aceerdingdto ciaitn 4t whergin abieaskens ekiheganadyles iy

et at or TOPHRIRY. cHLRc BnciyCamandni I B PRI e TR IR B or

form ng aoplihgfubyicatrgyiejuid: circuit and a rotor forming a secondary magnetic
circuit, the 25starter/generator conprising: a first nodule or
generator nodul e conprising a first casing connected to the casing of the

gear box, ¢he oppelatenblyodssstding tldimr st vﬂ&ﬁ'elhgtlﬁl@haftfdﬁrﬂte siwmfule
constrained to rotate with the rotor of the generator H(]?!%ec fromthe
icating diguich

first10casassgciaipd dlhr 9 ﬁ@e%fq ideyicenfrntaeding Tic vt IF‘P&]'“ cond
modul e or, EXGtd ffdm TRE Ehing O $Rid' Rb&dle 3hrdBER 24 %ﬁid@th@?&%h@gd with a

sealing device.

7. An assembly according to claim 1, wherein at least one of the modules is

15  fed with cooling/lubricating liquid from a cooling/lubricating liquid circuit of the

- gearbox.
8. A gas turbine fitted with an assembly according to claim 1.
20 O. An assembly comprising a gearbox for a gas turbine having a geartrain with

a plurality of gearwheels housed in a casing, and at least one 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

25 starter/generator comprising:

a first module or generator module comprising a first casing connected to
the casing of the gearbox, 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 carrying a first mechanical coupling member;

30 a second module or exciter module, comprising a second casing connected
to the casing of the gearbox, the exciter housed in the second casing, and a
second shaft constrained to rotate with the rotor of the exciter, the second shaft
being distinct from the first shaft, projecting from the second casing, and carrying a

second mechanical coupling member; and



to the casing of the gearbox, the exciter housed in the second casing, and
a second shaft constrained to rotate with the rotor of the exciter, the
second shaft being distinct fromthe first shaft, projecting fromthe
second casing, and carrying a second f®chanical coupling nenber; and 18
an electrical connection conprising a rectifier and at | east one connector

for connecting the secondary circuit of the _exciter to the primary circuit
of the gener at3srelegifiealGopnestion: gqraprising;a Lectifignag §¥ {e@smp\%cﬁme%gorﬁgr

mon

axi s, andoHREEic 1dSeBbAdr! ERtuICENAG! &RMeF ABPIeS pAmANY idirelit 6T diey
el ectrical coupl®ing 5 having stationary contacts and rotary contacts

connect egenerator wherein dze frstand gpeonst shaiis hayeinoka COMNATBXE: Nt ary
el ectrical coynldng RHa\h&Gich %Bt\rq&flﬁ)%‘t cfo?rggr%%ts% %ﬁr&t@@%lé’ctﬁ&éﬂc%%%g
0 he

connected to t primary cCircul enerator, and a statlonary
connest i davirgnstatidniarg cohtacts and ootary cordactaciosnedted e the seeondanucifcwbupl i ng

toth ti tati {. f : i 10

10, A ol dBIgFRete & sRcRaa Bty dahiecel oupllfe, RETIBE Sy o fBIs 8 T0 |
the st at i@y oRRBREEINNRBted thlthe tintarg airbliy ofttengetiergtorcamd aistatinanher ei n
at least one of the nmodules is 15fed Wlf?g cogl i ng/ Itub icati n@] I %q#\d froma
cool i ng/ |agpNPetian AgNNecing dhei felignanpcop .%8 thgpfirst rowary coypiing 1o g, e
fitted wLa,a0aseridRhy @tadts onthel secohdirdtaly coupling.

10
10.  An assembly according to claim 9, wherein the rectifier is inserted in the

stationary connection.

11.  An assembly according to claim 9, wherein at least one of the modules is
15  fed with cooling/lubricating liquid from a cooling/lubricating liquid circuit of the

gearbox.

12. A gas turbine fitted with an assembly according to claim 9.



