1 Title of the invention Integration of a starter/generator nodule in a
gas turbine transm ssion housing. 5 Background to the invention This
invention relates to gas turbines and nore particularly to the nmounting of
a starter/generator (or S/IGfor "Starter/Generator”) on a transm ssion
housi ng or an accessory gear box. The field of application of the
invention is that of gas turbines for aeronautical engines, of 10

aeropl anes or of helicopters, as well as for auxiliary power units (or APU,
for "Auxiliary Power Unit"). In a gas turbine, a certain nunber of itens of
equi pnment or JaLE inSen@ég driven by a nechanical transmssion from
mechani cal p mra turbine shaft. This nechanical transm ssion
which 15 conprises a $etegntigehf ans@rterfurnssatornmedetsiingg 98s darbisd a
transm ssion thpififGorPhoddingccessory gear box. The accessories
particularly conprise various different punps for the production of
hydraul i ¢ power, the supply of fuel, lubrication and one or nore electric

S/ Gs. Whenst h@aglegroundlibrthe iisvdntiopper ation, the or each S/ G operates 20 as
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stator and an_engragi,zer . having,an armature in the rotor and a field
winding in th&'s @ﬂ/?ﬂweéémahgrgizer armature supplies the principa
rotor of the synchronfua ggenertater atdertaighhembectf fiteans of i stgepmenh or
Synohr onous genErParir® Bk otk BN S HeBRAREE L aNTRa8, oG TRIHRL onal
drive of the ppeed tak@émdiang 3 dphinedhaift hThis dneeanicairiransmigeiony evikeidh by t he
energi zer ri ggfpAkes a set of gear wheels housed in a casing, is called a transmission
housing or an accessory gear box. The accessories particularly comprise
various different pumps for the production of hydraulic power, the supply
of fuel, lubrication and one or more electric 5/Gs.
When the gas turbine is in operation, the or each S/G operates
20 as an electric generator and produces voltage which supplies one or more
electrical energy distribution centres for the aeroplane or helicopter and its
engine or engines.
When the gas turbine is at rest, an S§/G can operate as a
starter, being supplied by an external energy source in order to start the
25 gas turbine by rotating the turbine shaft to which the transmission
housing is connected.
An S/G of a known type comprises a principal synchronous
generator with a principal rotor and a principal stator and an energizer
having an armature in the rotor and a field winding in the stator. The
30 energizer armature supplies the principal rotor of the synchronous
generator through a rectifier bridge with rotating diodes. In electrical
energy generation mode, the armature of the synchronous generator
produces an AC voltage as a result of the rotational drive of the field
winding supplied with a direct current delivered by the energizer bridge of
35 diodes, the frequency of the AC voltage produced being variable in
accordance with the speed of rotation. In starting mode, the principal




35 di odes, the frequency of the AC voltage produced being variable in
accordance with the speed of rotation. In starting node, the principal 2
rotor supplied by the energizer and the principal stator supplied with AC
voltage from an external source operate |jke a synchronous notor. Such a
known S/Gis a relatively volum nous piece of equipnment which is usually
fitted in a special casing on one side of the transm ssion 5 housing and
whi ch is nechanically connected to it. In addition to the electrical

equi pnment, the S/ G conprises a Iubrication systemwith a |ubricant tank
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an energizer wt tator tormn a rotor formng an
ar mat ur e conﬁ@@iee'%ﬂafﬁ%mtsﬁénd'é}‘r@m or f| el d wi nding and - the generator
rotor andienergizer rotor are nounted on a 25 commpn shaft with a gear
wheel engaged . gear train, on either side of
this gear wheeF== ~a Substantial saving in mass, as
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15 This aim is achieved due to an assembly comprising a gas
turbine transmission housing and at least one starter/generator or S/G
mechanically coupled to the transmission housing, an assembly in which:

- the transmission housing comprises a gear train with several
gear wheels,

20 - the starter/generator comprises a generator with a rotor
forming a field winding and a stator forming an armature and an energizer
with a stator forming a field winding and a rotor forming an armature
connected to the generator field winding and

- the generator rotor and energizer rotor are mounted on a

25 common shaft with a gear wheel engaged in the transmission housing
gear train, on either side of this gear wheel.

Such a mounting brings a substantial saving in mass, as one
special mechanical connection with the transmission housing can be
dispensed with, the said gear wheel forming part of the transmission

30 housing when the assembly is mounted.

Furthermore, in comparison with mounting the S/G on one side
of the transmission housing, a major reduction in bulk and improved
balance of the masses are obtained with the arrangement of the
synchronous generator and the energizer on either side of the gear wheel.

35 In addition, the transmission housing and the S/G can share the
same means of Jubrication/cooling.




of the transm ssion housing, a major reduction in bulk and inproved

bal ance of the nmasses are obtained with the arrangenent of the synchronous
generator and the energi zer on either side of the gear wheel. 35 In
addition, the transm ssion housing and the S/ G can share the sanme neans of
| ubrication/cooling. 3 Advantageously, the energi zer armature is connected
to the generator field wwnding wwth an el ectrical connection passing

t hrough the gear wheel. Advantageously again, the energizer arnmature being
connected 5 to the synchronous generator field winding with a rotating
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transmission housing or uncoupled from the latter by translational
15  movement.

The uncoupling of the S/G module or its coupling with the
transmission housing can be carried out by means of translational
movement parallel with or perpendicular to the axis of the common shaft.

The S/G module can be housed in a case which has at least one

20  opening, through which the gear wheel can be coupled to at least one
other gear wheel of the transmission housing.

Advantageously, the S/G module is housed in a case which is
joined in a sealed manner to a casing of the transmission housing.

The S/G module can be supplied with lubrication/cooling liquid

25 from a system of the transmission housing.

In another embodiment, the transmission housing and the S/G
are housed in a common casing.

Advantageously, then, the assembly formed by the shaft with
the said gear wheel and the generator rotor and energizer rotor can be

30 uncoupled from the transmission housing by translational movement
parailel with the shaft axis.

In each embodiment, at least two S/Gs can be integrated in the
transmission housing, each S/G being mounted on a common shaft with a
gear wheel of the transmission housing.

35 The invention also relates to a gas turbine having an assembly
formed by a transmission housing and at least one starter/generator, as



the said gear wheel and the generator rotor and energizer rotor can be 30
uncoupl ed fromthe transm ssion housing by translational novenent parallel
with the shaft axis. In each enbodinent, at |least two S/ Gs can be
integrated in the transm ssion housing, fach S/ G bei ng nmounted on a common
shaft with a gear wheel of the transm ssfon housing. 35 The invention also
relates to a gas turbine having an assenbly forned by a transm ssion

housi ng and at | east one starter/generator, as 4 defined above, as well as
an aeronautical engine or an auxiliary power unit equipped with such a gas
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drawi ngs The inventi o viaCPrdsdICaNn Welihs Boddrivatladly of thead/fgm
15 energizer armature is connected to the generator field winding by an

electrical connection passing through the gear wheel.

In accordance with another particularity of the S/G module, the
energizer armature is connected to the generator field winding by a
rotating diode bridge, the diodes being supported by the gear wheel.

20 The module can also comprise a permanent magnet generator
having a rotor mounted on the common shaft. Advantageously then, the
permanent magnet generator is arranged on the same side of the gear
wheel as the energizer.

25  Brief description of the drawings
The invention will be understood better on reading the
description which is given below, on a guiding but non-limiting basis, with
reference to the attached drawings, in which:
- figure 1 is a very simplified diagram of a gas turbine engine,
30 - figure 2 is a simpiified general electrical circuit diagram of a
starter/generator,
- figure 3 is a view very schematically showing the integration
of an 5/G module in a gas turbine transmission housing according to a
first embodiment of the invention,
35 - figure 4 is a more detailed section view of the S/G module in
figure 3,




description which is given below, on a guiding but non-limting basis, with

reference to the attached drawi ngs, in which: - figure 1 is a very

sinplified diagram of a gas turbine engine, 30 - figure 2 is a sinplified
general electrical circuit diagramof a gtarter/generator, - figure 3 is a
view very schematically showing the integfation of an S/G nodule in a gas

turbi ne transm ssion housing according to a first enbodi nent of the
invention, 35 - figure 4 is a nore detailed section view of the S/ G nodul e
in figure 3, 5 - figures 5 and 6 are views very schematically show ng the

integration of an S/ G. i I 38s IS I : rgli
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engines, typically helicopter engines, as well as to gas turbine auxiliary
15  power units,

The engine in figure 1 comprises a combustion chamber 1, the
combustion gases having left the chamber 1 driving a high-pressure
turbine 2 and a low-pressure turbine 3. The turbine 2 is coupled by means
of a shaft to a high-pressure compressor 4 supplying the combustion

20 chamber 1 with air under pressure, whereas the turbine 3 is coupled by
means of another shaft to a fan 5 at the engine intake.

A transmission housing 7 or accessory gear box is connected by
means of a mechanical power take-off 9 to a turbine shaft and comprises
a set of gear wheels for driving various different accessories, including at

25 least one (but generally two) starter/generator or S/G.

Figure 2 shows, in a simplified manner, the general electrical
circuit diagram of an S/G comprising a synchronous generator 10, an
energizer 20 and a permanent magnet generator 30 or PMG (for
"Permanent Magnet Generator"), the rotating parts or rotors of which are

30 coaxial and mounted on one single rotating shaft with axis A.

The synchronous generator 10 forming the principal machine
has a principal rotor forming a field winding 12 and a principal stator
forming an armature 14. The energizer 20 has a rotor forming an
armature 22, to which is connected a rotating diode bridge 24 forming a

35 rectifier and a stator forming a field winding 26. The PMG 30 has a rotor




25 | east one (but generally twd) starter/generator or S/G Figure 2 shows,
ina sinplified manner, the general electrical «circuit diagramof an S/ G
conprising a synchronous generator 10, an energizer 20 and a pernmanent
magnet generator 30 or PMG (for Pernanggt Magnet Generator"), the
rotating parts or rotors of which are coaxi al and nounted on one single
rotating shaft with axis A The synchronous generator 10 form ng the
princi pal machine has a principal rotor formng a field winding 12 and a
principal stator formng an armature 14. The energi zer 20 has a rotor
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has a rotor 6 82 carrying the permanent magnets 34 and a stator form ng an
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voltage by means of a line 48 from the AC bus 42 (or from another
source), to cause it to operate and to supply the energizer field winding 26
with alternating current. At the same time, the armature 14 is supplied

20 with alternating current by the harness 18 from the AC bus 42 (or from
another source}, operation then being that of a synchronous motor.

An S/G as described above, as well as its operation and
regulation by a GCU, are of a type known per se, the PMG, energizer and
synchronous generator forming, in electrical power generation mode, a

25  succession of stages with amplification from one stage to another. It will
be noted that the presence of the PMG is not required if the regulation
circuit 40 can be supplied from elsewhere. It will also be noted that the
functions of the GCU could be integrated in an engine electronic regulation
circuit or ECU (for "Engine Control Unit").

30 Figures 3 and 4 illustrate an embodiment of integration,
according to the invention, of an S$/G module 50 in a gas turbine
transmission housing. The transmission housing 70 comprises a casing 72
enclosing a gear train 80 and is mechanically coupled by a power
connection 90 to a turbine shaft of a gas turbine, such as a turbine of an

35 aeroplane engine or of a helicopter engine or alternatively of an APU.




regul ation by a GCU, are of a type known per se, the PM5 energizer and
synchronous generator formng, in electrical power generation node, a 25
successi on of stages with anplification fromone stage to another. It wll
be noted that the presence of the PMGis not required if the regulation
circuit 40 can be supplied fromelsewhere. It will also be noted that the
functions of the GCU could be integrated in an engine electronic regulation
circuit or ECU (for "Engine Control Unit"). 30 Figures 3 and 4 illustrate
an enbodi ment of integration, according to the invention, of an S/ G nodul e
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made in a smgie piece with the shaft 54 or a part thereof or can be made
separately and coupled in rotational movement with the shaft 54 by
means of a splined connection, for example.

20 The principal rotor carrying the coils of the generator field
winding 12 is thus mounted on the shaft 54, whereas the principal stator
carrying the windings of the armature 14 is fastened to the case 52, inside
the latter. The harness 18 connected to the armature 14 passes through
the case 52 in a sealed manner in order to extend outwards or to be

25  linked up with a connecting unit 55.

Similarly, the rotor of the energizer 20 carrying the windings of
the armature 22 is mounted on the shaft 54, whereas the stator of the
energizer carrying the coils of the field winding 26 is fastened to the case
52, inside the latter. The rotating diode bridge forming a rectifier is

30  connected, on one hand, to the armature 22 on the side of the gear wheel
66 [sic] where this armature is situated and, on the other hand, to the
field winding 12 of the synchronous generator on the other side of the
gear wheel 66 [s/ic]. The connection between the armature 22 and the
field winding 12 goes through a passage 86a formed in the gear wheel 86.

35 The diodes of the rotating bridge 24 are advantageously supported by the
gear wheel 86, being housed in one or more recesses 86b formed on one



wi nding 12 is thus mounted on the shaft 54, whereas the principal stator
carrying the windings of the armature 14 is fastened to the case 52, inside
the latter. The harness 18 connected to the armature 14 passes through the
case 52 in a sealed manner in order to extend outwards or to be 25 |inked
up with a connecting unit 55. Simlarly, Rhe rotor of the energizer 20
carrying the windings of the armature 22 is nounted on the shaft 54,
whereas the stator of the energizer carrylng the coils of the field

wi nding 26 is fastened to the case inside the latter. The rotating
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et P anove, P b BB e S fBuedl Senk s oRe Whaithe a i
conprises a pards theashafisbdandhiarptises geasr 2@inslde which the generator 10
is essentially housed, a part 52¢, inside which the energizer 20 and the
PMG 30 are housed and an intermediate part 52b joining the parts 52a
20 and 52¢ and inside which the gear wheel 86 is situated. At its axial ends,

the case 52 is closed in a sealed manner by means of covers.

The wall of the intermediate part 52b has openings or apertures
57a and 57b formed in opposite zones of this wall and through which the
gear wheel 86 can engage with the gear wheels 85 and 87. When the

25 module 50 is integrated in the transmission housing (figure 4), the parts
52a and 52¢ of the case 52 protrude outwards from the external faces of
the opposed side walls 74 and 76 of the casing 72 of the transmission
housing 70.

In the example in figures 3 and 4, the module 50 can be

30 extracted from the transmission housing 70, with uncoupling of the gear
whee! 86 from the gear wheels 85 and 87 or can be integrated in the
transmission housing 70, with coupling of the gear wheel 86 to the gear
wheels 85 and 87, by means of a translational movement paraliel with the
axis A. In figure 3, the module 50 is shown partially extracted from the

35 transmission housing 70.



is essentially housed, a part 52c, inside which the energizer 20 and the
PMG 30 are housed and an internediate part 52b joining the parts 52a 20 and
52c and inside which the gear wheel 86 is situated. At its axial ends, the
case 52 is closed in a seal ed manner by ans of covers. The wall of the
internedi ate part 52b has openings or apeftures 57a and 57b formed in
opposite zones of this wall and through which the gear wheel 86 can engage
with the gear wheels 85 and 87. Wien the 25 nodule 50 is integrated in the
transm ssion housing (figure 4), the parts 52a and 52c of the case 52
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coinciding with the cpwpldae 99 thesegrd Wheagke B&iMbtIn Byefogearambleel s 85

and 87. 15 The, 685 2r e ng3 Ve 08 T te W AAVMEr Fstdiing ettt Bine of
course, be adapted such as rapid fastening methods of a known type with
elastically deformabile locking elements.

Substantially at the joints between the parts 52a and 52b and

20  between the parts 52b and 52¢, the external wall of the case is fitted into
the openings 74a and 76a with the interposition of the respective seals
74b and 76b. Sealed mounting of the S/G module 50 on the transmission
housing 70 is thus carried out, the apertures 57a and 57b existing only on
the inside of the casing 72 when the module 50 is integrated in the

25 transmission housing.

A channel 59 for supplying the S/G module 50 with cooling and
lubricating liquid is provided for in a boss 52d in the case 52 and opens on
the surface of the flange 58 turned towards the wall 74 to be connected to
a pipe 78 connected to the cooling and lubricating system of the

30 transmission housing 70. The sealed joint between the channel 59 and the
pipe 78 is made by means of a connector 79 through the wall 74. The
channel 59 is connected to a system 14a for cooling the armature 14 of
the generator 10 and is also connected to nozzles (not shown) providing
in particular the lubrication of the bearings 53a and 53b and forming an oil

35 mist inside the case 52. The cooling and lubricating liquid is recovered
(arrows f) in the casing 72 through the aperture 57a to be put back in



bolting of the flange 58 on to the wall 74. Qther fastening nethods can, of
course, be adapted such as rapid fastening nethods of a known type with

el astically deformabl e | ocking el enents. Substantially at the joints

bet ween the parts 52a and 52b and 20 bet%een the parts 52b and 52c, the
external wall of the case is fitted into he openings 74a and 76a with the
interposition of the respective seals 74b and 76b. Seal ed nmounting of the
S/ G nodul e 50 on the transm ssion housing 70 is thus carried out, the
apertures 57a and 57b existing only on the inside of the casing 72 when
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50 has been shown,. sev neral |
according to trhe mventlon oim) G mod%fae In a gas tuvgllne transm|55|on
housing.
This variant is differentiated from that in figures 3 and 4
essentially in that the S/G module 150 is integrated in the transmission

20 housing 70 at one end thereof and can be coupled to the housing or
uncoupled from the Ilatter, by means of a translational movement
perpendicular to the axis A of the §/G module.

The elements common to figures 3 and 4 on one hand and to
figures 5 to 7 on the other hand bear the same references.

25 The S/G module 150 is differentiated from the S/G module 50
by means of the production of the module case 152, the other elements
forming the module 150, principally the generator 10, energizer 20, PMG
30 and the gear wheel 86 mounted on the common shaft 54, being similar
to those of the module 50.

30 The case 152 is of a cylindrical general shape and, in its central
part, has a tubular transitional part 152d which is integral with the case
152 and defines an opening 153. The opening 153 is situated in one plane
and is surrounded by an external flange 158.

The case 152 is joined to the transmission housing casing 72, at

35 one end of this casing where an opening 73 is formed, of a shape
corresponding to the opening 153. The connection between the case 152



integrated in the transm ssion housing 70, at different |evels of the gear
train. 15 Figures 5to 7 illustrate a variant of carrying out integration,
according to the invention, of a S/G nodule in a gas turbine transm ssion
housing. This variant is differentiated fromthat in figures 3 and 4
essentially in that the S/ G nodul e 150 iélintegrated in the transm ssion
20 housing 70 at one end thereof and can be coupled to the housing or
uncoupled fromthe latter, by nmeans of a translational novenent

perpendi cular to the axis A of the S/ G nodule. The el enents conmon to
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A channel 159 for supplying the S/G module 150 with cooling
and lubricating liquid is provided for in a boss in the transitional part 152d
and opens on the surface of the flange 158 turned towards the flange
/73a. The channel 159 is connected to a pipe 178 connected to the cooling

20 and lubricating system of the transmission housing 70. The joint between
the channel 159 and the pipe 178 is made by means of a connector 179
through the flanges 158 and 73a.

The circulation of the cooling and lubricating liquid is effected
as described above with regard to the S/G module 50, with return into the

25  casing 72 of the transmission housing through the openings 173 and 73.

Although a case 152 of a cylindrical general shape has been
considered, other shapes are possible, especially as the restriction of
inserting the case in the openings of the casing 72 and between two gear
wheels of the transmission housing gear train does not exist.

30 In addition, a second S/G module 150 can be integrated in the
transmission housing at the other end of the latter. It would also be
possible to integrate an S/G case 50 and a S/G case 150 in one single
transmission housing.

Figure 8 illustrates another method of carrying out integration,

35 according to the invention, of an S/G in a gas turbine transmission
housing. Some same numerical references are allocated to the elements



10 The integration or coupling of the S/G nodule 150 in or to the

transm ssion housing 70 and its extraction or uncoupling fromthe
transm ssi on housing are carried out by translational novenent

per pendicular to the axis A The gear Mhﬁi 86 engages with a gear wheel
87 of the transm ssion housing gear train“through the openings 73 and 15
153. A channel 159 for supplying the S/ G nodule 150 with cooling and

| ubricating liquid is provided for in a boss in the transitional part 152d
and opens on the surface of the flange 158 turned towards the flange 73a.

The channel 15%iifs £@NB8RHASH tWith e %?%%Weﬁp lhAgiRol4.ngn20 and

| ubricating sxstem of the transm ssion housin oin tween the

channel 159 aN@"eRBSSRNHE0YSET A caEWrises r?e%@%ngﬂ ae%@ﬁ%%taogeaﬂga'ﬁ ﬁgough
It he f Llangesf ];Laadagdnéc&@gucﬁhﬁ cg:ugmdlbt@ halrtohe sheftaiadl gag t@rﬂ!ﬁhé Widhcgd hng

iquid is e escribed abo
w th retarn | WGTEHET 555365%@?%6?9%0&ﬂeaﬂeaﬁ@ﬁﬁgsnaweh%@f@w%é*w&h the
openi ngs 1_53 andhP8. Al though a case 152 of a cylindrical general shape has
been considered, othep.sd) %pl‘%%n?égﬁat%%sxﬁfitﬁ af‘Hg&rsRfﬁ%bﬁé%ﬁﬁgttﬁﬁﬁrﬁ%ilﬁhCt' on

of inserting the case rn tha
gear wheel s §PUSIRG @&aén%”ﬁinsgﬁolﬁhﬁcg@fn\ghg@la%tb‘%{i‘@] :mgedw@etwﬁe@tgeaso I'n

addition, a sqeeag %%d@)gw A &ﬁ?plé%nbﬁy' et ﬁtt?éimt@%iéé%@d hrifh'élséﬂrﬁé' on

housi ng at the other e 't wou 0ossSI b

nd o e
integrate an BP% ¥ eaﬁ@t"@ﬁdg%arsﬂ‘%‘e@isghﬁ?SfPtﬁH”%nféa@ R tstyﬁﬁgrrﬁn%ﬁon
housi ng. H gugenératdr U8} vhities carajiner 20eirtodf ehe PMG WOn&eOhtOUriﬁé@@Tnaal on,

d
35 2ccording bas, | ANGRCEOR, 181 A SUAGHod, ASElRBU AT AR E"
whi ch are conpignewiith thenttterofTheehafinbéds sepported fri the easing TReby rolling

transm ssi on BRUSHR B casing 72 enclosing a gear train 80
and is nechan?cgﬁ y%géunggggé %’bl ne shaft of a gas turbine, such as a
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The principal rotor carrying the coils of the generator field
winding 12 is mounted on the shaft 54, whereas the principal stator
carrying the windings of the armature 14 is fastened to the casing 72. The

20 harness 18 connected to the armature 14 passes through the casing 72 in
a sealed manner to extend outwards or to be linked up to a connecting
unit 55.
Similarly, the rotor of the energizer 20 carrying the windings of
the armature 22 is mounted on the shaft 54, whereas the stator of the
25  energizer carrying the coils of the field winding 26 is fastened to the
casing 72. The rotating diode bridge 24 forming a rectifier is connected,
on one hand, to the armature 22 on the side of the gear wheel 54 where
this armature is situated and, on the other hand, connected to the field
winding 12 of the synchronous generator on the other side of the gear
30 wheel 86 going through a passage 86a formed in the gear wheel. The
diodes of the rotating bridge 24 are advantageously supported in housings
86b formed on the face of the gear wheel 86 turned towards the energizer
20, to provide effective holding of the diodes, preventing damage thereto
and to their connections by the rotary movement. The supply current of
35 the energizer field winding 26 is brought in by a harness 28 which is linked



housi ng gear train 80, the gear wheel 86 being inserted between gear

wheel s 85 and 87. A supplenentary S/ G can be integrated in the sane way

wi th anot her gear wheel. The rotating parts of the synchronous 10 generat or
10, of the energizer 20 and of the PMG 39 are nounted on a shaft 54,
common to the gear wheel 86, for exanple 5orning a single piece with the

| atter. The shaft 54 is supported in the casing 72 by rolling elenent
beari ngs 53a and 53b. The synchronous generator 10 is nmounted on one side
of the 15 gear wheel 86, whereas the energizer 20 and the PMG 30 are
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The assembly formed by the shaft 54 with the gear wheel 86,
the rotor of the energizer 20, the rotor of the PMG 30 and the principal
rotor of the synchronous generator 10 can be demounted by being

20 extracted from the transmission housing by means of translational
movement parallel with the axis of the shaft 54. In the exampie
illustrated, this extraction can be carried out from the side where the
synchronous generator 10 is situated. To assist this extraction, it is
therefore desirable for the outside diameter of the rotor of the energizer

25 20 to be smaller than the minimum distance between the teeth of the
gear wheels which engage with the gear wheel 86 (or in a substantially
equivalent manner, smaller than the diameter of the gear wheel 86 at the
gaps hetween the teeth). Similarly, it is desirable for the diameter of the
gear wheel 86 at the tips of the teeth to be smaller than the inside

30 diameter of the stator of the synchronous generator 10.

The integration of the S/G in the transmission housing with a
common casing /72 according to the embodiment in figure 8 not only
brings a reduction in bulk and mass but, with this integration, it is possible
also for the S/G to benefit from the transmission housing means of cooling

35 and lubrication, the cooling and lubrication being readily obtained by the
creation of oil mist inside the casing by means of one or more nozzles.



5 to the cylindrical internal surface of the recess 60, whereas the
w ndi ngs of the PMG armature 36 situated facing the magnets are supported
by an axial rod 68 fastened to the casing 72. Wth this nounting of the

PM5 it is possible to reduce the axial ,dinmension of the S/G and this
mounting therefore contributes to the cdftpact ness of the assenbly, the
energi zer 10 rotor and stator surrounding the PMa In a variant it wll, of

course, be possible to nmount the PMGin a nanner offset axially relative
to the generator with the magnets fastened to the periphery of the shaft

54 and surrounded byThEei %/éa}a%ﬁat %E@rd‘;ﬁi%”ﬁ% ki, I%n &ge 7&, g@?whl
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energi zer 25 20 han t ance ween t e teeth
of the gear RHE@@%eWﬁﬂﬁﬁiﬁﬁgﬁéﬁeWWﬂﬁ the gear wheel 86 (or in a
substantially equivalent manner, snmaller than the dianmeter of the gear
wheel 86 at the gaps between t he teeth). Simlarly, it is desirable for
the dianeter of the gear wheel 86 at the tips of the teeth to be smaller
than the inside 30 dianeter of the stator of the synchronous generator 10.
The integration of the SSGin the transm ssion housing wwth a conmon
casing 72 according to the enbodinment in figure 8 not only brings a
reduction in bulk and mass but, with this integration, it is possible also
for the SSGto benefit fromthe transm ssion housi ng neans of cooling 35
and | ubrication, the cooling and | ubrication being readily obtained by the
creation of oil m st inside the casing by nmeans of one or nore nozzles. 14
The integration, according to the invention, of one or nore



S/Gs in a gas turbine transm ssion housing brings with it a reduction in
bul k and mass and, with this integration, it is possible to pool resources
for cooling and lubrication between the S/G and the transm ssion housing, 5
while allow ng denountability. In the enhadinment in figures 3 to 7, as the
denmountability and the nounting of the SF& nodule are particularly rapid
and easy, the capability is retained, in the case of an aeropl ane engine,
of renmoving an S/ G nodule and replacing it by neans of rapid work carried
out beneath the aeroplane wing. 15 CLAIMS 1. Assenbly conprising a gas
turbine transm ssion housing and at | ne starter/generator

mechani cally coupled to the transnissigﬁghgshousing, an assenbly in which:
- the transm ssion housing conprises a gear train with several gear

wheel's, - the starterigﬂwnﬁﬂ?rcoﬁwﬁgsesm aebrkat-gfisriMstidnahdu@iry angor m ng

a field wwinding,and a stator torm an armature and a ergizer. .10 with
2 stator "t or nPndeRsty Suf SRereRiTaRt HcBedReRbiaiRetl ShetuiEissBhnect d
to the generatousihgebd asterdblygnamicich: t he generator rotor and energi zer
rotor are nmounted on a : L: i
transm ssi on housi ng Bhee;?%?rgﬁlﬁbﬁ)hoglé|bﬁe<?org§%es‘3$eﬁﬁr??%@%&ﬁ%%g%&?w 2.
Assenbly accofé@hyheslsdl aim 1, in which the energizer armature is
connected to the genergorgihy b el eLegkh ngctd
passing thr oug)h t he sf_ai a@s&g}t@ﬂ\/ﬁgi\ﬂ&@%ﬂ&%ﬁm@&gﬁgl %’%Qgﬁﬁé?ﬁi"ﬁgﬁtg zdl_)ﬂtéﬂer of
Cains 1 and PRI whiRH WREINGeAt giskaler doraingras pEnelorpepee evcrorer
gener aE O(rjlf{) I elvithwa nstiateg Wn‘anhg rapfiald D@Agéihrg}giﬁn@ra @a@g.%hﬁgrﬁb @ﬁearrhgnuafg
supported by S ar eel. 4. S ccording to any one o
Clains 1 to 3?%%@55}5@%&%%??@%{9@@wpﬁ%gﬂémgnet generator having a
rotor carrying pernmanthe geagrads ratd andtenaygizEornotorg aem raousiedr en a he
rotor of the e r i - saj G genmon
Shart. 5. AosihBTFL Shat RAnce St ALY enGad IR 4k o iisan: fodkifg

gear frain, on either side of this gear wheel.

15
2. Assembly according to Claim 1, in which the energizer
armature is connected to the generator field winding by an electrical

connection passing through the said gear wheel.

20 3. Assembly according to either of Claims 1 and 2, in which the
energizer armature is connected to the generator field winding by a
rotating diode bridge, the diodes being supported by the said gear wheel.

4. Assembly according to any one of Claims 1 to 3, also

25 comprising a permanent magnet generator having a rotor carrying

permanent magnets and a stator forming an armature, the rotor of the
permanent magnet generator being mounted on the said common shaft.

5. Assembly according to Claim 4, in which the permanent
30 magnet generator is arranged on the same side of the said gear wheel as
the energizer.

6. Assembly according to any one of Claims 1 to 5, in which the

starter/generator forms, with the said gear wheel and the shaft, a module

35  which can be coupled to the transmission housing or uncoupled from the
latter by translational movement.



30 magnet generator is arranged on the sane side of the said gear wheel as
the energizer. 6. Assenbly according to any one of Cainms 1 to 5, in which
the starter/generator fornms, with the said gear wheel and the shaft, a
nodul e 35 which can be coupled to the trgnsnission housi ng or uncoupl ed
fromthe latter by translational novene 16 7. Assenbly according to
Caim6, in which the coupling and uncoupling of the nodule are carried out
parallel with the axis of the comopn shaft. 5 8. Assenbly according to
Caim6, in which the coupling and uncoupling of the nodule are carried

out perpendicul ar to Vhﬁs%ﬁyoécdo'ﬂ&ngcmnﬁ@a ih- wﬁtchAﬁﬁeﬁ LéMr@C%ﬁﬂdi ng

to any one of ch™t a, case
whi ch has at |L@agvpim9e0§§p@ﬁ. H@dur%a%gqarwﬁ it PW@”@’aM%Q%@ Aol then be
coupl ed to at cbeastn ehsftot her gear wheel of the housing. 10. Assenbly
according to any one of Clainms 6 to 8, 1in which 15 the nodule is housed in
a case which is joined in a sealed manner to a casing of the transm ssion
housing. 1i. Assenbl yBadsmniblpgaacording ton€laif 6} an mehight thedcouplingnaotd  t he

module 15 SunRhEgGbitg b WPRGRIL B EARdG. baEGBIP ® HaRsTEThen 20

housi ng system y according to an
whi ch the tr&ARW&sFb#thousi ng and the starter/generator are housed in a
comon casing. 25 13. Assenbly according to Claim12, in which the assenbly

formed by the shaft sai d gear wheel and ner tor ro and
ener gi ze)r/ rotor can \l,)\% g?ﬁ%n Y &4CP Ehany CRssPh é@lrﬁ i Ry hthe

t ransl at i thal nmozigerenhopsedainl ®ase whidhhieashtaletistagnhes opéﬁm@%hn@ssagﬁrmhixzh

Carter Q?géﬁeﬁaﬁﬁ%@ﬁ%&ﬁﬁ@& Qblec, i AERSE bRE oher G whe of the

housing.

10. Assembly according to any one of Claims 6 to 8, in which
15 the module is housed in a case which is joined in a sealed manner to a
casing of the transmission housing.

11. Assembly according to any one of Claims 6 to 9, in which
the module is supplied with lubricating/cooling liquid from a transmission
20 housing system.

12. Assembly according to any one of Claims 1 to 5, in which
the transmission housing and the starter/generator are housed in a
common casing.
25
13. Assembly according to Claim 12, in which the assembly
formed by the shaft with the said gear wheel and the generator rotor and
energizer rotor can be uncoupled from the transmission housing by
translational movement parallel with the shaft axis.
30
14. Assembly according to any one of Claims 1 to 13,
comprising at least two starters/generators, each mounted on a common
shaft with a transmission housing gear wheel.

35 15, Gas turbine having a transmission housing mechanically
coupled to a shaft of the turbine and at least one starter/generator, in



shaft with a transm ssion housing gear wheel. 35 15. Gas turbine having a
transm ssi on housing nechanically coupled to a shaft of the turbine and at
| east one starter/generator, in 17 which the transm ssion housing and the
starter/generator forman assenbly accorging to any of one Clains 1 to 14.
16. Gas turbine aeronautical engine havi id a turbi ne according 5 to Caim
15. 17. Gas turbine auxiliary power unit having a turbine according to
Claim15. 10 18. Starter/generator nodul e which can be integrated in a
transm ssion housing of a gas turbine, conprising a generator with a rotor

forming a fielghim ”ﬁ@&r@f&gmgsréﬁ athBDanQr gén@g tR8 @f&{}?érm&er%re?@rrngi 4R"

wWth a stator formn an armature
connected to @ﬁ@@@ﬂé‘&@@ng t‘éIaBY\Mfrﬂﬂier@aifﬁs ééﬁrl%eel and a shaft on 15
whi ch the generator rotor and the energizer rotor are nounted in comon

ith th wheel |, h d f NVod di
to Gaim B8 the maute Gt ATbBEEmIaICE Eadbe it palite wsordbhe

openi ng t hs oufh Qleinckb.t he sai d gear wheel 20 can be coupled to at Ieast
one ot her transm ssion housing gear wheel. 20. Mdul e according to either
of dains 18 and 19, in which the energizer armature is connected to the
generator field w ndi h§ b3s Eurbing auxitiayapowenwstthaingassirbigetancoudngt he
sai d gear whegd cjof®9 #L. Modul e according to any one of Clainms 18 to 20, in
which the energizer armature is connected to the generator field w nding
by a rotating diode bridge, the diodes being supported by the said gear

Wneeljd 301(22. Modul e Bg.CStaeengeheraoy m@au@f vidhiath nBarl & QHE’ngraté@ifYWﬂl él ng
oo on, S MAG RSRS by 9 B Bne BBl P eRATHRR S PP e
35 permanent foagiiey sgéerkl abnding sard Bustibar formihg aaemsaide, ah ehergiaird gear
wheel as the GRBrgi&&for forming a field winding and a rotor forming an armature
connected to the generator field winding, a gear wheel and a shaft on
15  which the generator rotor and the energizer rotor are mounted in common
with the gear wheel, on either side of the gear wheel,

19. Modute according to Claim 18, the module being housed in
a case which has at least one opening through which the said gear wheel
20 can be coupled to at least one other transmission housing gear wheel.

20. Module according to either of Claims 18 and 19, in which
the energizer armature is connected to the generator field winding by an
electrical connection passing through the said gear wheel,

25
21. Module according to any one of Claims 18 to 20, in which
the energizer armature is connected to the generator field winding by a
rotating diode bridge, the diodes being supported by the said gear wheel.
30 22. Module according to any one of Claims 18 to 21, comprising

in addition a permanent magnet generator having a rotor mounted on the
common shaft.

23. Module according to Claim 22, characterized in that the
35 permanent magnet generator is situated on the same side of the said gear
wheel as the energizer.



