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(57) ABSTRACT 

A starter/generator system for a gas turbine engine used in 
aeronautical applications that couples a single dynamoelec 
tric machine to the gas turbine engine through a torque 
converter in a starting mode, and engages the engine to the 
dynamoelectric machine through a mechanical differential 
in a generating mode after the engine reaches self-sustaining 
speed and combines the output of the engine and the torque 
converter to regulate the frequency of AC generated by the 
dynamoelectric machine Within a range of frequencies suit 
able for on-board electrical equipment by dynamically regu 
lating the How of hydraulic ?uid to the torque converter. 
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NARROW RANGE VARIABLE FREQUENCY 
STARTER/GENERATOR SYSTEM 

FIELD OF THE INVENTION 

[0001] The invention relates to aeronautical electrical sys 
tems that comprise a dynamoelectric machine used for 
starting a gas turbine engine as Well as generating electrical 
poWer, and more particularly to aeronautical electrical sys 
tems that use such a dynamoelectric machine in a narroW 
range variable frequency con?guration. 

BACKGROUND OF THE INVENTION 

[0002] Many aircraft that use gas turbine engines for 
propulsion have commonly used pneumatic starters. Such 
aircraft have an accessory turbine air motor coupled to each 
propulsion engine through a gearbox With reduction gearing 
to crank the propulsion engine. 

[0003] Compressed air, supplied by a load compressor that 
is part of an on-board auxiliary poWer unit (APU) or an 
external ground cart, supplies compressed air to the turbine 
air motor through a pneumatic starter supply system that 
requires numerous air ducts, seals and air valves that are 
bulky and heavy. Furthermore, such pneumatic starter sup 
ply systems are complex, and such complexity reduces the 
reliability of the aircraft and increases maintenance costs. 

[0004] In recent years, electric starters have been consid 
ered for cranking gas turbine propulsion engines. Incorpo 
rating an electric start capability does not appreciable add to 
the cost, Weight and complexity of the electrical system 
since the infrastructure exists and an electrical starting 
system can make use of the existing components and Wiring. 

[0005] Although a dedicated electric starter motor With a 
suitable overriding clutch and associated reduction gearing 
in the gearbox can be used as part of the electrical starting 
system, the most desirable approach is to use a single 
dynamoelectric machine that is alternatively operable as a 
generator or a starter motor to eliminate the need for separate 
machines, multiple mounting pads, additional reduction 
gearing in the gearbox, the overriding clutch and associated 
ducting and valves. Such an approach is commonly referred 
to as a “starter/generator” system, and such systems have 
been available in various forms for a number of years. 

[0006] Typically, high-poWer electronic control equip 
ment has been necessary to make such starter/generator 
systems operational in ordinary aeronautical applications. 
Since most aircraft architectures require alternating current 
for supplying on-board electrical components, such as fans, 
motors, pumps and electronics, an alternating current (AC) 
generator is generally used as a starter/ generator. A high 
poWer motor controller must be used to convert the available 
electrical poWer for starting to a variable frequency AC 
poWer supplied to the starter/generator to bring the engine 
up to self-sustaining speed, after Which the starter/generator 
is used in its conventional mode as a generator. 

[0007] Additionally, since most on-board AC components 
require a poWer source With an AC frequency that is constant 
or Within a range of frequencies and the AC poWer from the 
starter/ generator is proportional to engine speed that may 
vary over a Wide range, high poWer variable frequency (VF) 
to constant frequency (CF) conversion equipment is gener 
ally required. Such conversion equipment generally converts 
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the VF AC poWer from the generator to direct current (DC) 
poWer and then converts the DC poWer to CF AC poWer. 

[0008] The use of such high-poWer motor controllers and 
poWer conversion equipment increases cost, Weight and 
complexity of the starter/generator system and it reduces 
reliability. Thus, an alternative approach, as described in 
Kandil et al., US. Ser. No. 10/154,942, ?led 24 May 2002 
and commonly oWned by the assignee of this application, 
eliminates the use of high poWer motor control and poWer 
conversion equipment as part of the starter/generator by 
using a unique mechanical coupling system betWeen the 
starter/generator and the engine that comprises a torque 
converter coupling the starter/generator to the engine for 
starting the engine and a constant speed transmission or 
drive coupling the engine to the starter/ generator for gener 
ating poWer once the engine has reached self-sustaining 
speed. 
[0009] The system as described in Kandil et al. is quite 
satisfactory for aircraft architectures that have all on-board 
electrical components operating at CF AC. HoWever, some 
neW architectures have on-board electrical components that 
require an adjustable range of frequencies, such as environ 
mental control system (ECS) motors. The frequency of AC 
poWer for such components is adjusted according to ?ight 
conditions and requirements. For instance, the poWer fre 
quency for such ECS motors changes to vary the speed of 
the motors to suit ?ight conditions as required by the ECS. 

[0010] The use of the Kandil et al. starter/ generator system 
in aircraft architectures that require adjustable VF AC poWer 
requires conversion of CF AC poWer to adjustable VF (AVF) 
AC poWer. Since electrical equipment, such as ECS motors, 
that require such AVF AC poWer can have signi?cant poWer 
requirements, high poWer CF to AVF conversion equipment 
is necessary for their operation. This increases cost, Weight 
and complexity of the system. 

[0011] A co-pending application by Hoppe et al., oWned 
by the assignee of this application, describes a starter/ 
generator system for a gas turbine engine used in aeronau 
tical applications that couples a single dynamoelectric 
machine to the gas turbine engine through a torque converter 
in a starting mode, and then disengages the torque converter 
and engages the engine to the dynamoelectric machine 
through an adjustable speed transmission in a generating 
mode after the engine reaches self-sustaining speed, Wherein 
the speed of the adjustable speed transmission is set to match 
the frequency of AC generated by the dynamoelectric 
machine With on-board electrical equipment requirements to 
suit ?ight conditions. This system is very satisfactory for 
such aircraft architectures that require AVF AC poWer. 
HoWever, in aircraft architectures that can tolerate a non 
adjustable narroW range variable frequency (NRVF) AC 
poWer system, this approach is also overly complex, heavy 
and costly. 

SUMMARY OF THE INVENTION 

[0012] The invention comprises a starter/ generator system 
for a gas turbine engine used in aeronautical applications 
that couples a single dynamoelectric machine to the gas 
turbine engine through a torque converter in a starting mode, 
and engages the engine to the dynamoelectric machine 
through a mechanical differential in a generating mode after 
the engine reaches self-sustaining speed and combines the 
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output of the engine and the torque converter to regulate the 
frequency of AC generated by the dynamoelectric machine 
Within a range of frequencies suitable for on-board electrical 
equipment by dynamically regulating the ?oW of hydraulic 
?uid to the torque converter. 

[0013] In a preferred embodiment, the starter/generator 
system comprises: an alternating current dynamoelectric 
machine; a torque converter With an input shaft coupled to 
a drive shaft of the dynamoelectric machine; a ?rst rotation 
speed selective coupling With an input shaft coupled to an 
output shaft of the torque converter and an output shaft 
coupled to a drive shaft of the engine, Wherein the ?rst 
coupling transfers poWer from its input shaft to its output 
shaft so long as the input shaft rotates at least as fast as the 
output shaft for coupling the dynamoelectric machine 
through the torque converter to the engine in a starting 
mode; a mechanical differential With an input shaft coupled 
to the drive shaft of the engine, a trim shaft coupled to the 
output shaft of the torque converter, and an output shaft that 
has a rotational speed that is proportional to the sum of the 
rotational speeds of its input shaft and trim shaft; a second 
rotation-speed selective coupling With an input shaft coupled 
to an output shaft of the differential and an output shaft 
coupled to the drive shaft of the dynamoelectric machine, 
Wherein the second coupling transfers poWer from its input 
shaft to its output shaft so long as the input shaft rotates at 
least as fast as the output shaft for coupling the engine 
through the differential in a generating mode; a hydraulic 
?uid source for selectively ?lling the torque converter With 
hydraulic ?uid to transfer rotational poWer from the 
dynamoelectric machine to the engine during the starting 
mode; and a control unit for sWitching the dynamoelectric 
machine from a starting mode to a generating mode When 
the engine reaches a self-sustaining rotational speed, cou 
pling the hydraulic source to the torque converter in the 
starting mode and regulating the ?oW of hydraulic ?uid ?oW 
from the hydraulic source to the torque converter to adjust 
the rotational speed of the output shaft of the torque con 
verter to keep the frequency of poWer generated by the 
dynamoelectric machine Within a desired band of frequen 
cies in the generating mode. 

DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a schematic representation of a starter/ 
generator system according to a preferred embodiment of 
the invention, shoWing the ?oW of mechanical poWer in an 
engine-starting mode. 

[0015] FIG. 2 is a schematic representation of a starter/ 
generator system according to a preferred embodiment of 
the invention, shoWing the ?oW of mechanical poWer in a 
generating mode. 

[0016] FIG. 3 is a schematic representation of a mechani 
cal differential that is suitable for use in the starter/ generator 
system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] FIG. 1 is a schematic representation of a starter/ 
generator system 12 according to a preferred embodiment of 
the invention, shoWing the ?oW of mechanical poWer in an 
engine-starting mode. A dynamoelectric machine 14 serves 
as both a starter and generator in the starter/ generator system 
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12. Application of alternating current poWer to a stator 16 of 
the dynamoelectric machine 14 creates a rotating magnetic 
?eld that rotates a rotor 18 of the dynamoelectric machine 14 
When a rotor ?eld is provided by an exciter 20 With an 
exciter stator 22 that is energised by a loW poWer DC source 
24. The alternating current poWer so supplied to the stator 16 
is supplied by a suitable high poWer external AC source 26, 
such as a ground cart, auxiliary poWer unit (APU), or a 
generator of another engine. 

[0018] Before AC from the external AC source 26 is 
applied to the stator 16, the rotor 18 is preferably brought up 
to speed to rotate at approximately the angular velocity of 
the rotating ?eld in the stator 16 established by the AC 
source 26. This minimises inrush current to the stator 16 
When the AC source 26 is connected. The rotor 18 may be 
brought up to speed by a pony or support motor 28, or by a 
loW poWer motor drive 30 coupled to the stator 16. The 
support motor 28 may be of any convenient type, such as a 
permanent magnet or induction motor. 

[0019] Upon start-up, an electronic control unit 32 con 
nects the support motor 28 or motor drive 30, connects the 
DC source 24 to the exciter stator 22 and senses the rotary 
speed of the rotor 18, such as by monitoring a rotary speed 
signal. A suitable rotary speed signal may conveniently be 
generated by a conventional rotor position sensor 34. Once 
the rotor 18 of the dynamoelectric machine 14 is brought up 
to speed, the control unit 32 disconnects the support motor 
28 or motor drive 30 and couples the AC source 26 to the 
stator 16. 

[0020] A drive shaft of the dynamoelectric machine 14 
couples to an input shaft of a torque converter 36. An output 
shaft of the torque converter 36 couples to the input of a 
rotation speed-selectable coupling 38, such as an overriding 
clutch. The output shaft of the coupling 38 couples to a shaft 
of a turbine propulsion engine 40. 

[0021] The coupling 38 transfers poWer from its input 
shaft to its output shaft so long as the input shaft rotates at 
least as fast as the output shaft. Thus, the dynamoelectric 
machine 14 may transfer poWer to the engine 40 so long as 
the input shaft of the coupling 38 rotates at least as fast as 
its output shaft. The torque converter 36 provides a mechani 
cal torque advantage and high stall torque to aid in starting 
the engine 40, as Well as a dampening characteristic that 
minimises torque spikes in the poWer train betWeen the 
dynamoelectric machine 14 and the engine 40. 

[0022] The torque converter 36 selectively couples and 
adjusts the degree of coupling betWeen the dynamoelectric 
machine 14 to the engine 40 through dynamic ?lling and 
discharge of hydraulic ?uid in the torque converter 36. A 
hydraulic ?uid source 42, such as an oil pump, supplies 
hydraulic ?uid to the torque converter 36 through a propor 
tional control valve 44. The hydraulic ?uid source 42 also 
provides hydraulic ?uid for cooling and lubricating the 
starter/ generator system 12. 

[0023] As the electronic control unit 32 connects the 
support motor 28 or motor drive 30 to drive the rotor 18, this 
operation rotates the hydraulic ?uid source 42 to provide 
cooling and lubrication and rotates the input shaft of the 
“dry” torque converter 36. The torque converter 36 functions 
as an open clutch at this point. After the control unit 32 
couples the AC source 26 to the stator 16 of the dynamo 
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electric machine 14, the control unit 32 energises the pro 
portional control valve 44 to open it and alloW hydraulic 
?uid to ?ll the torque converter 36, thus allowing the 
coupling of poWer from the dynamoelectric machine 14 to 
the engine 40. The mechanical poWer ?oW from the 
dynamoelectric machine 14 to the engine 40 during the 
starting mode is generally represented by arroWs 46 shoWn 
in FIG. 1. 

[0024] The control unit 32 senses When the engine 40 
reaches a self-sustaining rotational speed, such as by moni 
toring an engine speed signal generated by an engine speed 
sensor 48. Upon reaching a self-sustaining rotational speed, 
the control unit 32 sWitches the dynamoelectric machine 
from a starting mode to a generating mode. FIG. 2 is a 
schematic representation of the starter/generator system 12 
that shoWs the ?oW of mechanical poWer in the generating 
mode. 

[0025] When the torque converter 36 is rotating, hydraulic 
?uid Within the torque converter 36 discharges from ori?ces 
Within the housing of the torque converter 36 to a ?uid sump 
(not shoWn), thereby providing a drain path to continually 
replace and cool the hydraulic ?uid. As indicated, the control 
unit 32 controls the degree of coupling of the dynamoelec 
tric machine 14 to the engine 40 by controlling the ?oW of 
hydraulic ?uid from the hydraulic ?uid source 42 to the 
torque converter 36. Thus, the degree of hydraulically cou 
pling of the dynamoelectric machine 14 from the engine 40 
through the torque converter 36 changes in proportion to the 
?oW of hydraulic ?uid through the proportional control 
valve 44. 

[0026] Upon commencement of the generating mode, the 
engine speed continues to increase. Thus, the rotational 
velocity of the output shaft of the torque converter 36 is less 
than that of drive shaft of the engine 40. The coupling 38 
then decouples the engine 40 from the output shaft of the 
torque converter 36, since the input shaft of the coupling 38 
no longer rotates at least as fast as its output shaft. This 
reduces drag on the engine 40 When the starter/generator 
system 12 is in the generating mode. 

[0027] An input shaft of a mechanical differential 50 
couples to the drive shaft of the engine 40. The mechanical 
differential 50 may comprise a differential as illustrated in 
FIG. 3. The input shaft of the differential 50 couples a 
middle sun gear 52 Within the differential. A plurality of 
planetary gears 54, typically three, riding on an output 
carrier gear 56, mesh With the sun gear 52 and an outer ring 
gear 58. The output carrier gear 56 couples to an output shaft 
of the differential 50. The ring gear couples to a trim shaft 
of the differential 50. 

[0028] The trim shaft of the differential 50 couples to the 
output shaft of the torque converter 36. The output shaft of 
the differential 50 couples to the input shaft of a rotation 
speed-selectable coupling 60, such as an overriding clutch. 
An output shaft of the coupling 60 couples to the drive shaft 
of the dynamoelectric machine 14. 

[0029] Like the coupling 38, the coupling 60 transfers 
poWer from its input shaft to its output shaft so long as the 
input shaft rotates at least as fast as the output shaft. Thus, 
the engine 40 may transfer poWer to the dynamoelectric 
machine 14 so long as the input shaft of the coupling 60 
rotates at least as fast as its output shaft 
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[0030] The mechanical poWer ?oW from the engine 40 to 
the dynamoelectric machine 14 during the generating mode 
is generally represented by arroWs 62. As engine 40 starts to 
poWer the dynamoelectric machine 14 as a generator, the 
control unit 32 couples the dynamoelectric machine 14 to an 
electrical bus system 64 to poWer on-board electrical com 
ponents (not shoWn) that tolerate a narroW range of frequen 
c1es 

[0031] The engine 40 rotates the input shaft of the differ 
ential 50, Which in turn rotates the sun gear 52. The sun gear 
52 rotates the planetary gears 54, Which in turn rotate the 
carrier gear 56. The carrier gear 56 rotates the output shaft 
of the differential 50, Which in turn drives the dynamoelec 
tric machine 14 and the torque converter 36. 

[0032] The output shaft of the torque converter 36 couples 
to the trim shaft of the differential 50, Which in turn drives 
the ring gear 58 to add rotational speed to the carrier gear 56, 
and this in turn increases the rotational speed of the output 
shaft of the differential 50. This in turn increases the 
frequency of the poWer generated by the dynamoelectric 
machine 14 at loW rotational speeds of the engine 40 as it 
starts up. In other Words, the differential 50 sums the 
rotational speeds of the engine 40 and torque converter 36. 

[0033] As the rotational speed of the engine 40 increases, 
the control unit 32 compares the frequency of the AC poWer 
provided by the dynamoelectric machine 14 With the range 
of frequencies required by the on-board electrical compo 
nents. If the frequency of the AC poWer generated by the 
dynamoelectric machine 14 is too high, the control unit 32 
controls the proportional control valve 44 to reduce the ?oW 
of ?uid from the hydraulic source 42 to the torque converter 
36, thereby reducing the coupling betWeen the impeller and 
turbine of the torque converter 36 and reducing the rota 
tional speed of its output shaft. SloWing the output shaft of 
the torque converter 36 in this Way reduces the rotational 
speed of the output shaft of the differential 50 to maintain the 
frequency of the dynamoelectric machine 14 Within the 
required range of frequencies for the on-board electrical 
components. 

[0034] The oil ?oW to the torque converter 36 is reduced 
as the rotational speed of the engine 40 increases to maintain 
the desired frequency of AC poWer generated by the 
dynamoelectric machine 14. Since the poWer provided by 
the torque converter 36 for frequency control is proportional 
to the rotational speed of its turbine, the e?iciency of the 
starter/ generator system 12 increases as the engine 40 
reaches its normal rotational speed. 

[0035] Described above is a preferred embodiment of a 
starter/generator system for a gas turbine engine used in 
aeronautical applications that couples a single dynamoelec 
tric machine to the gas turbine engine through a torque 
converter in a starting mode, and engages the engine to the 
dynamoelectric machine through a mechanical differential 
in a generating mode after the engine reaches self-sustaining 
speed and combines the output of the engine and the torque 
converter to regulate the frequency of AC generated by the 
dynamoelectric machine Within a range of frequencies suit 
able for on-board electrical equipment by dynamically regu 
lating the ?oW of hydraulic ?uid to the torque converter. It 
should be understood that these embodiments of the inven 
tion are only illustrative implementations of the invention, 
that the various parts and arrangement thereof may be 
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changed or substituted, and that the invention is only limited 
by the scope of the attached claims. 

What is claimed is: 
1. A starter/generator system for starting a gas turbine 

engine for aeronautical applications comprising: 

an alternating current dynamoelectric machine; 

a torque converter With an input shaft coupled to a drive 
shaft of the dynamoelectric machine; 

a ?rst rotation-speed selective coupling With an input 
shaft coupled to an output shaft of the torque converter 
and an output shaft coupled to a drive shaft of the 
engine, Wherein the ?rst coupling transfers poWer from 
its input shaft to its output shaft so long as the input 
shaft rotates at least as fast as the output shaft for 
coupling the dynamoelectric machine through the 
torque converter to the engine in a starting mode; 

a mechanical differential With an input shaft coupled to 
the drive shaft of the engine, a trim shaft coupled to the 
output shaft of the torque converter, and an output shaft 
that has a rotational speed that is proportional to the 
sum of the rotational speeds of its input shaft and trim 
shaft; 

a second rotation-speed selective coupling With an input 
shaft coupled to an output shaft of the differential and 
an output shaft coupled to the drive shaft of the 
dynamoelectric machine, Wherein the second coupling 
transfers poWer from its input shaft to its output shaft 
so long as the input shaft rotates at least as fast as the 
output shaft for coupling the engine through the dif 
ferential in a generating mode; 

a hydraulic ?uid source for selectively ?lling the torque 
converter With hydraulic ?uid to provide rotational 
poWer from the dynamoelectric machine to the engine 
during the starting mode; and 

a control unit for sWitching the dynamoelectric machine 
from a starting mode to a generating mode When the 
engine reaches a self-sustaining rotational speed, cou 
pling the hydraulic source to the torque converter in the 
starting mode and regulating the ?oW of hydraulic ?uid 
?oW from the hydraulic source to the torque converter 
to adjust the rotational speed of the output shaft of the 
torque converter to keep the frequency of poWer gen 
erated by the dynamoelectric machine Within a desired 
band of frequencies in the generating mode. 

2. The starter/generator system of claim 1, further com 
prising a proportional control valve coupled betWeen the 
hydraulic ?uid source and the torque converter and operated 
by the control unit to regulate the ?oW of hydraulic ?uid 
transferred from the hydraulic ?uid source to the torque 
converter. 

3. The starter/generator system of claim 1, further com 
prising: 

an alternating current poWer source coupled to the 
dynamoelectric machine by the control unit during the 
starting mode; and 

an alternating current bus coupled to the dynamoelectric 
machine by the control unit during the generating 
mode. 
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4. The starter/generator system of claim 1, Wherein the 
?rst and second rotation-speed selective couplings are over 
running clutches. 

5. The starter/generator system of claim 1, Wherein the 
hydraulic ?uid source comprises an oil pump. 

6. The starter/generator system of claim 1, further com 
prising a rotary position sensor for generating a rotary speed 
signal indicative of the rotary speed of the dynamoelectric 
machine; and 

a support motor coupled to the dynamoelectric machine 
for bringing the dynamoelectric machine up to a pre 
determined rotary speed; 

Wherein the control unit monitors the rotary speed signal 
and poWers the support motor in the starting mode until 
the rotary speed signal indicates that the dynamoelec 
tric machine has reached the predetermined rotary 
speed. 

7. The starter/generator system of claim 1, further com 
prising a rotary position sensor for generating a rotary speed 
signal indicative of the rotary speed of the dynamoelectric 
machine; and 

a motor controller coupled to the dynamoelectric machine 
for bringing the dynamoelectric machine up to a pre 
determined rotary speed; 

Wherein the control unit monitors the rotary speed signal 
and poWers the motor controller in the starting mode 
until the rotary speed signal indicates that the dynamo 
electric machine has reached the predetermined rotary 
speed. 

8. The starter/generator system of claim 1, further com 
prising an engine speed sensor for generating an engine 
speed signal indicative of the rotational speed of the engine; 

Wherein the control unit monitors the engine speed signal 
and sWitches the dynamoelectric machine from the 
starting mode to the generating mode When the engine 
speed signal indicates that the engine has reached the 
self-sustaining rotational speed. 

9. A starter/generator system for starting a gas turbine 
engine for aeronautical applications comprising: 

an alternating current dynamoelectric machine; 

a torque converter With an input shaft coupled to a drive 
shaft of the dynamoelectric machine; 

a ?rst rotation-speed selective coupling With an input 
shaft coupled to an output shaft of the torque converter 
and an output shaft coupled to a drive shaft of the 
engine, Wherein the ?rst coupling transfers poWer from 
its input shaft to its output shaft so long as the input 
shaft rotates at least as fast as the output shaft for 
coupling the dynamoelectric machine through the 
torque converter to the engine in a starting mode; 

a mechanical differential With an input shaft coupled to 
the drive shaft of the engine, a trim shaft coupled to the 
output shaft of the torque converter, and an output shaft 
that has a rotational speed that is proportional to the 
sum of the rotational speeds of its input shaft and trim 
shaft; 

a second rotation-speed selective coupling With an input 
shaft coupled to an output shaft of the differential and 
an output shaft coupled to the drive shaft of the 
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dynamoelectric machine, wherein the second coupling 
transfers power from its input shaft to its output shaft 
so long as the input shaft rotates at least as fast as the 
output shaft for coupling the engine through the dif 
ferential in a generating mode; 

a hydraulic ?uid source for selectively ?lling the torque 
converter With hydraulic ?uid to provide rotational 
poWer from the dynamoelectric machine to the engine 
during the start mode; 

a control unit for sWitching the dynamoelectric machine 
from a starting mode to a generating mode When the 
engine reaches a self-sustaining rotational speed, cou 
pling the hydraulic source to the torque converter in the 
starting mode and regulating the ?oW of hydraulic ?uid 
?oW from the hydraulic source to the torque converter 
to adjust the rotational speed of the output shaft of the 
torque converter to keep the frequency of poWer gen 
erated by the dynamoelectric machine Within a desired 
band of frequencies in the generating mode; 

a proportional control valve coupled betWeen the hydrau 
lic ?uid source and the torque converter and operated 
by the control unit to regulate the ?oW of hydraulic 
?uid transferred from the hydraulic ?uid source to the 
torque converter; 

an alternating current poWer source coupled to the 
dynamoelectric machine by the control unit during the 
starting mode; and 

an alternating current bus coupled to the dynamoelectric 
machine by the control unit during the generating 
mode. 

10. The starter/generator system of claim 9, Wherein the 
?rst and second rotation-speed selective couplings are over 
running clutches. 

11. The starter/ generator system of claim 9, Wherein the 
hydraulic ?uid source comprises an oil pump. 

12. The starter/generator system of claim 9, further com 
prising a rotary position sensor for generating a rotary speed 
signal indicative of the rotary speed of the dynamoelectric 
machine; and 

a support motor coupled to the dynamoelectric machine 
for bringing the dynamoelectric machine up to a pre 
determined rotary speed; 

Wherein the control unit monitors the rotary speed signal 
and poWers the support motor in the starting mode until 
the rotary speed signal indicates that the dynamoelec 
tric machine has reached the predetermined rotary 
speed. 

13. The starter/generator system of claim 9, further com 
prising a rotary position sensor for generating a rotary speed 
signal indicative of the rotary speed of the dynamoelectric 
machine; and 

a motor controller coupled to the dynamoelectric machine 
for bringing the dynamoelectric machine up to a pre 
determined rotary speed; 

Wherein the control unit monitors the rotary speed signal 
and poWers the motor controller in the starting mode 
until the rotary speed signal indicates that the dynamo 
electric machine has reached the predetermined rotary 
speed. 
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14. The starter/generator system of claim 9, further com 
prising an engine speed sensor for generating an engine 
speed signal indicative of the rotational speed of the engine; 

Wherein the control unit monitors the engine speed signal 
and sWitches the dynamoelectric machine from the 
starting mode to the generating mode When the engine 
speed signal indicates that the engine has reached the 
self-sustaining rotational speed. 

15. A starter/generator system for starting a gas turbine 
engine for aeronautical applications comprising: 

an alternating current dynamoelectric machine; 

a torque converter With an input shaft coupled to a drive 
shaft of the dynamoelectric machine; 

a ?rst rotation-speed selective coupling With an input 
shaft coupled to an output shaft of the torque converter 
and an output shaft coupled to a drive shaft of the 
engine, Wherein the ?rst coupling transfers poWer from 
its input shaft to its output shaft so long as the input 
shaft rotates at least as fast as the output shaft for 
coupling the dynamoelectric machine through the 
torque converter to the engine in a starting mode; 

a mechanical differential With an input shaft coupled to 
the drive shaft of the engine, a trim shaft coupled to the 
output shaft of the torque converter, and an output shaft 
that has a rotational speed that is proportional to the 
sum of the rotational speeds of its input shaft and trim 
shaft; 

a second rotation-speed selective coupling With an input 
shaft coupled to an output shaft of the differential and 
an output shaft coupled to the drive shaft of the 
dynamoelectric machine, Wherein the second coupling 
transfers poWer from its input shaft to its output shaft 
so long as the input shaft rotates at least as fast as the 
output shaft for coupling the engine through the dif 
ferential in a generating mode; 

a hydraulic ?uid source for selectively ?lling the torque 
converter With hydraulic ?uid to transfer rotational 
poWer from the dynamoelectric machine to the engine 
during the starting mode; 

a control unit for sWitching the dynamoelectric machine 
from a starting mode to a generating mode When the 
engine reaches a self-sustaining rotational speed, cou 
pling the hydraulic source to the torque converter in the 
starting mode and regulating the ?oW of hydraulic ?uid 
?oW from the hydraulic source to the torque converter 
to adjust the rotational speed of the output shaft of the 
torque converter to keep the frequency of poWer gen 
erated by the dynamoelectric machine Within a desired 
band of frequencies in the generating mode; 

a proportional control valve coupled betWeen the hydrau 
lic ?uid source and the torque converter and operated 
by the control unit to regulate the ?oW of hydraulic 
?uid transferred from the hydraulic ?uid source to the 
torque converter; 

an alternating current poWer source coupled to the 
dynamoelectric machine by the control unit during the 
starting mode; and 

an alternating current bus coupled to the dynamoelectric 
machine by the control unit during the generating 
mode. 
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16. The starter/ generator system of claim 15, wherein the 
?rst and second rotation-speed selective couplings are over 
running clutches. 

17. The starter/ generator system of claim 15, Wherein the 
hydraulic ?uid source comprises an oil pump. 

18. The starter/generator system of claim 15, further 
comprising a rotary position sensor for generating a rotary 
speed signal indicative of the rotary speed of the dynamo 
electric machine; and 

a support motor coupled to the dynamoelectric machine 
for bringing the dynamoelectric machine up to a pre 
determined rotary speed; 

Wherein the control unit monitors the rotary speed signal 
and poWers the support motor in the starting mode until 
the rotary speed signal indicates that the dynamoelec 
tric machine has reached the predetermined rotary 
speed. 

19. The starter/generator system of claim 15, further 
comprising a rotary position sensor for generating a rotary 
speed signal indicative of the rotary speed of the dynamo 
electric machine; and 
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a motor controller coupled to the dynamoelectric machine 
for bringing the dynamoelectric machine up to a pre 
determined rotary speed; 

Wherein the control unit monitors the rotary speed signal 
and poWers the motor controller in the starting mode 
until the rotary speed signal indicates that the dynamo 
electric machine has reached the predetermined rotary 
speed. 

20. The starter/ generator system of claim 15, further 
comprising an engine speed sensor for generating an engine 
speed signal indicative of the rotational speed of the engine; 

Wherein the control unit monitors the engine speed signal 
and sWitches the dynamoelectric machine from the 
starting mode to the generating mode When the engine 
speed signal indicates that the engine has reached the 
self-sustaining rotational speed. 


