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(57) ABSTRACT 

A generator/starter system for starting an engine and for 
tapping poWer from the engine in order to generate elec 
tricity includes a squirrel cage rotor, a main stator Winding, 
an auxiliary stator Winding, and an excitation source. The 
main stator Winding is magnetically coupled to the squirrel 
cage rotor so as to provide an AC output in response to 
rotation of the squirrel cage rotor and so as to rotate the 
squirrel cage rotor in response to an AC input. The auxiliary 
stator Winding is magnetically coupled to the squirrel cage 
rotor so as to provide excitation current When the main stator 
Winding is providing the AC output. The source of excitation 
current is coupled to the auxiliary stator Winding. 
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INDUCTION MOTOR/GENERATOR SYSTEM 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to an induction 
machine Which can be used, for example, as both a starting 
motor and an electrical generator in an aircraft electrical 
system. 

BACKGROUND OF THE INVENTION 

[0002] PoWer conversion systems, such as those used on 
aircraft to generate electrical poWer, typically include a 
brushless, three-phase synchronous generator Which oper 
ates in a generating mode in order to convert variable speed 
motive poWer supplied by a prime mover, such as an engine, 
to electrical poWer. This three-phase synchronous generator 
can also be operated as a motor in a starting mode in order 
to convert electrical poWer supplied by an external electrical 
poWer source to motive poWer that is used to turn the engine 
and bring the engine up to its self-sustaining speed. 

[0003] A typical brushless, three-phase synchronous gen 
erator includes a permanent magnet generator (PMG), an 
exciter, and a main generator all mounted on a common 
drive shaft. During starting, it is knoWn to provide electrical 
poWer at a controlled voltage and frequency to the armature 
Windings of the main generator and to provide ?eld current 
to the main generator by Way of the exciter so that motive 
poWer may be developed When the generator operates as a 
motor. For example, tWo separate inverters have been used 
in the past, one to provide electrical poWer to the main 
generator armature Windings, and the other to provide elec 
trical poWer to the exciter. 

[0004] Once the engine is brought up to self-sustaining 
speed, the brushless, three-phase synchronous generator can 
be operated in its generating mode during Which excitation 
current is provided to the exciter, and the main generator 
Winding provides three-phase electrical output poWer. 

[0005] Accordingly, the typical brushless, three-phase 
synchronous generator requires a rotor (i.e., armature) hav 
ing Windings and usually circuit components such as diodes. 
These Windings and/or circuit components limit the speed 
With Which the rotor can turn because, if the rotor turns too 
fast, the Windings and/or circuit components may be ejected 
from the rotor due to centrifugal forces exerted by these 
rotating components, resulting in failure of the brushless, 
three-phase synchronous generator. Thus, for a given output 
poWer, an increase in rotating speed of an electrical machine 
requires that its siZe and Weight be reduced. 

[0006] On the other hand, induction machines, Which use 
a squirrel cage rotor, avoid this problem because the squirrel 
cage rotor is solid, robust, light Weight, and has no Windings 
or circuit components. Therefore, it has been knoWn to use 
induction machines as motors on aircraft. Induction 
machines, Which have been used as generators, have only 
one stator Winding. Moreover, it is generally thought that an 
induction machine operating as a generator must have its 
rotor driven above its synchronous speed, i.e., in a negative 
slip condition. 

[0007] It is also generally thought that an induction 
machine cannot operate as a generator unless there is at least 
one synchronous generator available to excite it, and that an 
induction machine cannot supply its oWn excitation. HoW 
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ever, some induction machines Which have been used in the 
past as generators have relied upon a bank of capacitors 
connected across the stator Winding by contactor sWitches in 
order to provide excitation current. The contactor sWitches 
control the current ?oW through the capacitors in order to 
control the excitation current. If the capacitive current draWn 
from the stator of the induction machine could be controlled 
properly and precisely, the induction machine could be 
self-excited in order to generate voltage at the same termi 
nals Where the capacitive current is draWn. 

[0008] The present invention is directed to an induction 
machine that can be used as both a motor and a generator. 
The present invention is also directed to an arrangement 
permitting proper and precise control of the capacitive 
current draWn from the stator of the induction machine. 

SUMMARY OF THE INVENTION 

[0009] In accordance With one aspect of the present inven 
tion, an induction machine comprises a squirrel cage rotor, 
a main stator Winding, an auxiliary stator Winding, and a 
source of excitation current. The main stator Winding and the 
auxiliary stator Winding are magnetically coupled to the 
squirrel cage rotor. The source of excitation current is 
coupled to the auxiliary stator Winding. 

[0010] In accordance With another aspect of the present 
invention, an induction machine comprises a squirrel cage 
rotor, ?rst, second, and third stator Windings magnetically 
coupled to the squirrel cage rotor, ?rst, second, and third 
capacitors coupled to the ?rst, second, and third stator 
Windings, respectively, and a solid state sWitch. The solid 
state sWitch is coupled to the ?rst, second, and third capaci 
tors, and the solid state sWitch is arranged to sWitch the ?rst, 
second, and third capacitors so as to control excitation 
current supplied to the ?rst, second, and third stator Wind 
mgs. 

[0011] In accordance With yet another aspect of the present 
invention, a generator/starter system for starting an engine 
and for tapping poWer from the engine in order to generate 
electricity comprises a squirrel cage rotor, a main stator 
Winding, an auxiliary stator Winding, and a source of exci 
tation current. The main stator Winding is magnetically 
coupled to the squirrel cage rotor so as to provide an AC 
output in response to rotation of the squirrel cage rotor and 
so as to rotate the squirrel cage rotor in response to an AC 
input. The auxiliary stator Winding is magnetically coupled 
to the squirrel cage rotor so as to excite the main stator 
Winding. The source of excitation current is coupled to the 
auxiliary stator Winding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] These and other features and advantages of the 
present invention Will become more apparent from a detailed 
consideration of the invention When taken in conjunction 
With the draWings in Which: 

[0013] FIG. 1 is a schematic diagram of a poWer conver 
sion system employing an induction motor/ generator system 
according to a ?rst embodiment of the present invention; 

[0014] FIG. 2 is a schematic diagram of a poWer conver 
sion system employing an induction motor/ generator system 
according to a second embodiment of the present invention; 
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[0015] FIG. 3 is a schematic diagram of a power conver 
sion system employing an induction motor/ generator system 
according to a third embodiment of the present invention; 

[0016] FIG. 4 is a schematic diagram of a poWer conver 
sion system employing an induction motor/ generator system 
according to a fourth embodiment of the present invention; 

[0017] FIG. 5 is a schematic diagram of a poWer conver 
sion system employing an induction motor/ generator system 
according to a ?fth embodiment of the present invention; 

[0018] FIG. 6 is a schematic diagram of a poWer conver 
sion system employing an induction motor/ generator system 
according to a sixth embodiment of the present invention; 
and, 
[0019] FIGS. 7-9 are schematic diagrams of a poWer 
conversion system employing an induction motor/generator 
system according to a seventh embodiment of the present 
invention. 

DETAILED DESCRIPTION 

[0020] Like reference numerals are used to designate like 
elements in FIGS. 1-9. As shoWn in FIG. 1, a poWer 
conversion system 10 includes an induction machine 12 
having a main stator Winding 14 and an auxiliary stator 
Winding 16. The main stator Winding 14 and the auxiliary 
stator Winding 16 are magnetically coupled to a squirrel cage 
rotor 18 having a shaft 20 extending through suitable 
bearings. A PWM inverter 22 is connected to the auxiliary 
stator Winding 16. The PWM inverter 22 converts a voltage 
supplied by a DC storage capacitor 24 after starting to pulse 
Width modulated signals Which are supplied appropriately to 
the phases of the auxiliary stator Winding 16 during excita 
tion. 

[0021] Accordingly, When the induction machine 12 is 
operated as a generator, the squirrel cage rotor 18 is turned 
by a prime mover, such as the engine of an aircraft. Exci 
tation current is supplied to the auxiliary stator Winding 16 
by the PWM inverter 22 Which receives input DC from the 
DC storage capacitor 24 and Which is controlled by a 
suitable controller (not shoWn). The PWM inverter 22 
converts this input DC to a three-phase current for supply to 
the auxiliary stator Winding 16. The controller, for example, 
may include a feed back arrangement in Which the output of 
the main stator Winding 14 is compared to a reference to 
form an excitation current reference, this excitation current 
reference is compared to the excitation current supplied by 
the PWM inverter 22 to the auxiliary stator Winding 16 to 
form an error signal, and this error signal feeds a PWM 
controller Which has six outputs in order to control the 
sWitches of the PWM inverter 22. Alternatively, this error 
signal may feed a bang-bang ampli?er controller instead of 
a PWM controller in order to control the sWitches of the 
PWM inverter 22. 

[0022] As the squirrel cage rotor 18 turns in the presence 
of the magnetic ?eld generated by the excitation current 
?oWing through the auxiliary stator Winding 16, a three 
phase voltage is induced across the main stator Winding 14. 
This three-phase voltage delivers current to the electrical 
loads of the aircraft. 

[0023] When the induction machine 12 is operated as a 
starter, the main stator Winding 14 is connected to an AC bus 
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Which may be sourced by a ground cart, an auxiliary poWer 
unit, or any other suitable source of starting AC. The 
frequency of the AC on this AC bus is gradually increased 
in order to increase the turning speed of the squirrel cage 
rotor 18 until the engine motored by the squirrel cage rotor 
18 reaches its self-sustaining speed. Once the engine has its 
reached self-sustaining speed, the starting AC can be 
removed from the AC bus, and the induction machine 12 can 
then begin generating electricity as an output of the main 
stator Winding 14, as described above. 

[0024] The main stator Winding 14 and the auxiliary stator 
Winding 16 of the induction machine 12 may be Wound so 
as to control the phase betWeen the voltages generated 
therein. Also, the number of turns in the auxiliary stator 
Winding 16 as compared to the main stator Winding 14 
determines the desired excitation current supplied by the 
PWM inverter 22 for a given DC link voltage across the DC 
storage capacitor 24. The turn ratio is used to match the 
voltages across the main stator 14 With a given DC link input 
voltage supplied to the PWM inverter 22. 

[0025] If the poWer conversion system 10 Were lossless, 
the DC storage capacitor 24 Would be adequate as the source 
of the PWM inverter 22, because the DC storage capacitor 
24 Would be kept charged by current circulating betWeen the 
PWM inverter 22 and the auxiliary stator Winding 16. All 
that Would be required is to charge up the DC storage 
capacitor 24 from a supply during start up. Once the main 
stator Winding 14 generates voltage, this start up supply may 
be removed. HoWever, because the poWer conversion sys 
tem 10 is not lossless due to losses in the sWitches of the 
PWM inverter 22 and due to resistive losses in the Windings 
of the auxiliary Winding 16, a supplemental poWer source 
must be provided for the PWM inverter 22. Examples of 
supplemental poWer sources are shoWn in the embodiments 
beloW. 

[0026] FIG. 2 shoWs a second embodiment of a poWer 
conversion system in Which a supplemental source 30 for the 
PWM inverter 22 includes an AC bus 32 connected through 
a full Wave, three-phase recti?er bridge 34 to the DC rails of 
the PWM inverter 22. In this second embodiment, the main 
stator Winding 14 may be supplied With poWer during 
starting as in the case of the ?rst embodiment. When the 
induction machine 12 is used as a generator, the output AC 
from the main stator Winding 14 may be used to source the 
AC bus 32 With three-phase AC Which is recti?ed to DC by 
the full Wave, three-phase recti?er bridge 34. 

[0027] A battery 36 may also be connected to the PWM 
inverter 22 as a further supplemental source of excitation 
current. The battery 36 could be used as an alternative to the 
supplemental source 30, or it can be used in addition to the 
supplemental source 30. 

[0028] As also shoWn in FIG. 2, an engine 38 is mechani 
cally coupled to the shaft 20 of the squirrel cage rotor 18. 
Accordingly, during starting, AC poWer is supplied by the 
PWM inverter 22 to the auxiliary stator Winding 16 With 
increasing frequency in order to turn the squirrel cage rotor 
18. As the squirrel cage rotor 18 turns, the engine 38 turns. 
When the squirrel cage rotor 18 turns fast enough to reach 
the self-sustaining speed of the engine 38, control of the 
PWM inverter 22 is sWitched from supplying AC poWer to 
the auxiliary stator Winding 16 to supplying excitation 
current for the main stator Winding 14. Accordingly, as 
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excitation current is supplied by the PWM inverter 22 to the 
auxiliary stator Winding 16, the induction machine 12 is 
operated as a generator With the main stator Winding 14 
supplying output AC for use by the electrical loads of the 
vehicle on Which the engine 38 is used. 

[0029] HoWever, it is noted that the engine 38 is a variable 
speed prime mover. Therefore, the frequency of the AC 
output provided by the main stator Winding 14, When the 
induction machine 12 is operated as a generator, is variable. 
Because many electrical loads require constant frequency 
AC to properly operate, a constant speed drive 40, as shoWn 
in FIG. 3, may be mechanically coupled betWeen the engine 
38 and the shaft 20 of the squirrel cage rotor 18. Accord 
ingly, When the induction machine 12 is used as a generator, 
the constant speed drive 40 ensures that the squirrel cage 
rotor 18 turns at a constant speed even though the engine 38 
turns at a variable speed. Thus, With the squirrel cage rotor 
18 turning at a constant speed, the poWer conversion system 
shoWn in FIG. 3 supplies constant frequency poWer at the 
output of the main stator Winding 14. 

[0030] As shoWn in FIG. 3, a source 50 is arranged to 
provide starting poWer to the auxiliary stator Winding 16. 
The source 50 includes an AC tie bus 52 connected through 
contactor sWitches 54 and a full Wave, three-phase recti?er 
bridge 56 to the PWM inverter 22. During starting, a ground 
cart, an auxiliary poWer unit, or any other suitable source of 
starting AC is connected to the AC tie bus 52, and the 
contactor sWitches 54 are closed. The sWitches of the PWM 
inverter 22 are controlled so as to supply an AC signal 
initially having a loW frequency to the auxiliary stator 
Winding 16. The squirrel cage rotor 18 begins turning the 
engine 38 through the constant speed drive 40. As the 
sWitches of the PWM inverter 22 are controlled to increase 
the frequency of the AC supplied to the auxiliary stator 
Winding 16, the speed of rotation of the squirrel cage rotor 
18 increases. When the squirrel cage rotor 18 reaches the 
self-sustaining speed of the engine 38, the contactor 
sWitches 54 may be opened in order to remove the starting 
AC from the PWM inverter 22. The induction machine 12 
can then begin generating electricity as an output of the main 
stator Winding 14. During starting, starting AC also can be 
supplied to the main stator Winding 14. 

[0031] When the induction machine 12 is used as a 
generator, the PWM inverter 22 in the embodiment shoWn in 
FIG. 3 is supplementally sourced by a permanent magnet 
generator 60. The permanent magnet generator 60 has a 
permanent magnet 62, Which is mechanically coupled to the 
shaft 20 of the squirrel cage rotor 18, and a Winding 64, 
Which is magnetically coupled With the permanent magnet 
62. Accordingly, as the shaft 20 is rotated by the squirrel 
cage rotor 18, the permanent magnet 62 also rotates thereby 
inducing a voltage across the Winding 64 of the permanent 
magnet generator 60. This induced voltage is supplied to a 
full-Wave recti?er bridge 66 Which recti?es the output 
current supplied by the Winding 64 to DC that is applied to 
the PWM inverter 22. 

[0032] Instead of using the constant speed drive 40 shoWn 
in FIG. 3 so that the main stator Winding 14 provides a 
constant frequency output, a lighter Weight converter 70 
shoWn in FIG. 4 may be used to suitably process the output 
of the main stator Winding 14 in order to convert the variable 
frequency current induced in the main stator Winding 14 by 
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the variable speed rotation of the squirrel cage rotor 18 to 
constant frequency AC output poWer. 

[0033] Accordingly, the output of the main stator Winding 
14 is connected to a full-Wave recti?er bridge 72 Which 
recti?es the variable frequency output of the main stator 
Winding 14 to DC. A capacitor 74 is connected across the 
full-Wave recti?er bridge 72 in order to smooth the AC ripple 
on the DC output of the full-Wave recti?er bridge 72. An 
inverter 76 is connected across the capacitor 74 in order to 
invert the DC across the capacitor 74 to AC at an output 78 
of the inverter 76. 

[0034] The inverter 76, for example, may include a plu 
rality of sWitches and a look up table storing PWM sWitch 
ing patterns for the sWitches. The sWitches may be arranged 
in a manner similar to the sWitches of the PWM inverter 22, 
and are connected across the capacitor 74. The common 
junctions of the sWitches provide three-phase AC output 
poWer at the output 78. The stored PWM sWitching patterns 
are selected from the look up table to provide the desired 
constant frequency AC output on the output 78. This con 
stant frequency AC output on the output 78 supplies AC 
electrical loads. Furthermore, the voltage across the capaci 
tor 74 may be tapped at 80 in order to supply output DC to 
DC loads. 

[0035] It is noted that the arrangement shoWn speci?cally 
in FIG. 4 is arranged only for poWer generation. FIG. 5 
illustrates an arrangement that may operate both as a gen 
erator and as a starter. Accordingly, When the induction 
machine 12 is to be used as an engine starter, a ?rst set of 
contacts 90 is opened and second and third sets of contacts 
92 and 94 are closed. When the third set of contacts 94 close, 
AC from the AC tie bus 96 is recti?ed to DC by a full-Wave 
recti?er bridge 98, and this DC is supplied to the inverter 76. 
The inverter 76 is controlled so as to invert this DC to AC 
of increasing frequency Which is then supplied through the 
second set of contacts 92 to the main stator Winding 14 in 
order to turn the squirrel cage rotor 18 to start the engine 38. 
Once the engine 38 is running, the permanent magnet 
generator 60 supplies excitation current through the full 
Wave recti?er bridge 66 and the PWM inverter 22 to the 
auxiliary stator Winding 16. 

[0036] FIG. 6 shoWs an embodiment of the invention 
Which does not require an auxiliary stator Winding. In this 
embodiment, a stator Winding 100 is magnetically coupled 
to the squirrel cage rotor 18 Which is mechanically coupled 
to the shaft 20. Excitation current in the stator Winding 100 
is controlled by a capacitor bank 102 having a capacitor for 
each phase of the stator Winding 100. The capacitor bank 
102 is controlled by an electronic sWitching arrangement 
104 comprising a full-Wave recti?er bridge 106 and a sWitch 
108. The output from the stator Winding 100 is also supplied 
to a full-Wave recti?er bridge 110 and a ?lter 112 in order to 
supply a DC output. This DC output may be used to supply 
DC loads. 

[0037] A PWM voltage controller 114 controls the sWitch 
108 in response to voltage across the output of the stator 
Winding 100 in order to provide the proper level of excita 
tion current during poWer generation. More speci?cally, the 
output voltage across the ?lter 112 may be compared to a 
reference to produce an error signal, and this error signal 
may be used by the PWM voltage controller 114 to control 
the sWitch 108 in order to provide the proper level of 
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excitation current during power generation. Accordingly, the 
electronic switching arrangement 104 operates the capaci 
tors of the capacitor bank 102, in effect, as variable capaci 
tors. 

[0038] In addition, if a second stator Winding is magneti 
cally coupled to the squirrel cage rotor 18, the Windings of 
the stator Winding 100 and of the second stator Winding may 
be spaced so as to mechanically control the phase shift 
betWeen the voltages produced by the stator Winding 100 
and the second stator Winding, and capacitors 102 could 
electronically control the phase shift betWeen the voltages 
produced by the stator Winding 100 and the second stator 
Winding. 

[0039] As shoWn in FIG. 7, an induction machine 120 has 
a main stator Winding for providing an AC output 122 and 
an auxiliary stator Winding for receiving excitation current 
from an inverter 124. AnAC bus 126 is connected to the AC 
output 122 and also to a transformer-recti?er arrangement 
128 described in alternative embodiments beloW. The trans 
former-recti?er arrangement 128 has ?rst, second, and third 
DC outputs 130, 132, and 134. The ?rst DC output 130 is 
coupled to the inverter 124, the second DC output 132 is 
coupled to a DC bus 136, and the third DC output 134 is 
coupled to a battery 138. 

[0040] When the induction machine 120 is used as a 
starter, AC poWer is supplied to the AC bus 126 Which is 
coupled by the AC output 122 to the main stator Winding of 
the induction machine 120 in order to turn an output shaft 
140 for starting an engine such as an auxiliary poWer unit 
(APU). 
[0041] When the induction machine 120 is used as a 
generator, the output shaft 140 turns the rotor of the induc 
tion machine 120 in order to generate a voltage across its 
main stator Winding. Also, excitation current is supplied to 
the auxiliary stator Winding of the induction machine 120 by 
the inverter 124 Which is sourced from either the battery 138 
or the transformer-recti?er arrangement 128. 

[0042] A ?rst embodiment of the transformer-recti?er 
arrangement 128 is shoWn in FIG. 8 and includes a primary 
150 and secondaries 152 and 153. The primary 150 is 
connected to the AC bus 126, and the secondary 152 is 
connected to a full-Wave recti?er bridge 154. The full-Wave 
recti?er bridge 154 is connected to both the inverter 124 and 
the DC bus 136. The secondary 153 is connected to diodes 
160 and an inductor 162 Which supplies current to the 
battery 138 under control of a sWitch 164. The sWitch 164 is 
turned on and off With a variable duty cycle in order to 
control the level of DC on the third DC output 134. As 
indicated in FIG. 8, the primary 150 and secondaries 152 
and 153 may share a common core. 

[0043] A second embodiment of the transformer-recti?er 
arrangement 128 is shoWn in FIG. 9 and includes a primary 
170. One end of each Winding of the primary 170 is 
connected to a corresponding phase of the AC bus 126, and 
the other end of each Winding of the primary 170 is 
connected to a corresponding leg of a full-Wave recti?er 
bridge 172 controlled by a sWitch 174. A secondary 176 is 
connected to the inverter 124 and the DC bus 136. A 
secondary 177 is connected through recti?ers 180 and an 
inductor 182 to the battery 138. The voltage on the third DC 
output 134 may be compared to a reference voltage in order 
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to produce an error signal, and the error signal may be used 
to control a PWM voltage controller Which in turn controls 
the sWitch 174 in order to regulate the voltage on the DC 
output 134. 

[0044] Certain modi?cations of the present invention have 
been discussed above. Other modi?cations Will occur to 
those practicing in the art of the present invention. For 
example, as described above, the present invention may be 
used in conjunction With engines. HoWever, it should be 
understood that the present invention may be used in con 
junction With other types of prime movers. 

[0045] Also, the present invention as described above is 
used to generate three-phase output poWer. HoWever, the 
present invention may be used to generate output poWer 
having any number of phases. 

[0046] Moreover, as described above in connection With 
the embodiment of FIG. 4, starting poWer is supplied by use 
of the auxiliary stator Winding 16. Alternatively, starting 
poWer could be provided by Way of the output 78 directly to 
the main stator Winding 14 by closing the ?rst and second 
sets of contacts 90 and 92. In this case, an additional set of 
contacts may be provided to isolate the PWM inverter 22 
during starting. 
[0047] Accordingly, the description of the present inven 
tion is to be construed as illustrative only and is for the 
purpose of teaching those skilled in the art the best mode of 
carrying out the invention. The details may be varied sub 
stantially Without departing from the spirit of the invention, 
and the exclusive use of all modi?cations Which are Within 
the scope of the appended claims is reserved. 

What is claimed is: 
1. An induction machine comprising: 

a squirrel cage rotor; 

a main stator Winding magnetically coupled to the squirrel 
cage rotor; 

an auxiliary stator Winding magnetically coupled to the 
squirrel cage rotor; and, 

a source of excitation current coupled to the auxiliary 
stator Winding. 

2. The induction machine of claim 1 Wherein the source 
of excitation current comprises an inverter having a DC 
input and an AC output coupled to the auxiliary stator 
Winding. 

3. The induction machine of claim 2 Wherein the inverter 
is a PWM inverter. 

4. The induction machine of claim 2 Wherein the inverter 
further includes a battery coupled to the DC input. 

5. The induction machine of claim 2 Wherein the inverter 
further includes a PMG generator having a permanent 
magnet coupled to the squirrel cage rotor, a PMG Winding 
magnetically coupled to the permanent magnet, and a rec 
ti?er coupled betWeen the PMG Winding and the DC input. 

6. The induction machine of claim 2 Wherein the inverter 
further includes an AC bus, and a recti?er coupled betWeen 
the AC bus and the DC input. 

7. The induction machine of claim 2 Wherein the inverter 
includes a capacitor coupled to the DC input. 

8. The induction machine of claim 7 Wherein the inverter 
further includes a battery coupled to the DC input. 
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9. The induction machine of claim 7 wherein the inverter 
further includes a PMG generator having a permanent 
magnet coupled to the squirrel cage rotor, a PMG Winding 
magnetically coupled to the permanent magnet, and a rec 
ti?er coupled betWeen the PMG Winding and the DC input. 

10. The induction machine of claim 7 Wherein the inverter 
includes an AC bus, and a recti?er coupled betWeen the AC 
bus and the DC input. 

11. The induction machine of claim 2 further comprising 
a transformer having a primary Winding and a secondary 
Winding, Wherein the primary Winding is coupled to an 
output of the main stator Winding, and Wherein the second 
ary Winding is coupled to an input of the inverter. 

12. The induction machine of claim 11 Wherein the 
secondary Winding is a ?rst secondary Winding and Wherein 
the transformer further includes: 

a recti?er arranged to rectify an AC output of the sec 
ondary Winding to DC for supply to the inverter; and, 

a second secondary Winding of the transformer coupled to 
a battery, Wherein the battery is coupled to the inverter. 

13. The induction machine of claim 11 Wherein the 
secondary Winding is a ?rst secondary Winding, Wherein the 
primary Winding has ?rst, second, and third primary Wind 
ings, Wherein the ?rst, second, and third primary Windings 
are coupled betWeen the main stator Winding and a sWitch, 
Wherein the transformer has a second secondary Winding, 
Wherein the second secondary Winding provides a voltage to 
a battery, and Wherein the sWitch is controlled in response to 
the voltage. 

14. The induction machine of claim 1 further comprising 
a constant speed drive coupled to the squirrel cage rotor, 
Wherein the main stator Winding has output lines, and 
Wherein the main stator Winding is arranged to provide 
constant frequency output poWer on the output lines of the 
main stator Winding in response to rotation of the squirrel 
cage rotor by the constant speed drive. 

15. The induction machine of claim 14 Wherein the source 
of excitation current comprises an inverter having a DC 
input and an AC output coupled to the auXiliary stator 
Winding. 

16. The induction machine of claim 15 Wherein the 
inverter further includes a capacitor coupled to the DC input. 

17. The induction machine of claim 16 Wherein the 
inverter further includes a battery coupled to the DC input. 

18. The induction machine of claim 16 Wherein the 
inverter further includes a PMG generator having a perma 
nent magnet coupled to the squirrel cage rotor, a PMG 
Winding magnetically coupled to the permanent magnet, and 
a recti?er coupled betWeen the PMG Winding and the DC 
input. 

19. The induction machine of claim 16 Wherein the 
inverter further includes an AC bus, and a recti?er coupled 
betWeen the AC bus and the DC input. 

20. The induction machine of claim 1 further comprising: 

a recti?er coupled to the main stator Winding, Wherein the 
recti?er is arranged to rectify a variable frequency AC 
output from the main stator Winding to DC; and, 

an inverter coupled to the recti?er, Wherein the inverter is 
arranged to invert the DC from the recti?er to AC. 

21. The induction machine of claim 20 Wherein the 
inverter is a ?rst inverter, and Wherein the source of eXci 
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tation current comprises a second inverter having a DC input 
and an AC output coupled to the auXiliary stator Winding. 

22. The induction machine of claim 21 Wherein the 
second inverter further includes a capacitor coupled to the 
DC input. 

23. The induction machine of claim 22 Wherein the 
second inverter further includes a battery coupled to the DC 
input. 

24. The induction machine of claim 22 Wherein the 
second inverter further includes a PMG generator having a 
permanent magnet coupled to the squirrel cage rotor, a PMG 
Winding magnetically coupled to the permanent magnet, and 
a recti?er coupled betWeen the PMG Winding and the DC 
input. 

25. The induction machine of claim 22 Wherein the 
second inverter further includes an AC bus, and a recti?er 
coupled betWeen the AC bus and the DC input. 

26. The induction machine of claim 20 Wherein the main 
stator Winding has an AC output, Wherein the inverter has an 
AC output, Wherein the induction machine further com 
prises: 

an AC bus coupled to the AC output of the inverter; and, 

a sWitch coupling the AC output of the inverter to the AC 
output of the main stator Winding so that the induction 
machine can be used as a starter. 

27. The induction machine of claim 26 Wherein the 
inverter is a ?rst inverter, and Wherein the source of eXci 
tation current comprises a second inverter having a DC input 
and an AC output coupled to the auXiliary stator Winding. 

28. The induction machine of claim 27 Wherein the 
second inverter further includes a capacitor coupled to the 
DC input. 

29. The induction machine of claim 28 Wherein the 
second inverter further includes a battery coupled to the DC 
input. 

30. The induction machine of claim 28 Wherein the 
second inverter further includes a PMG generator having a 
permanent magnet coupled to the squirrel cage rotor, a PMG 
Winding magnetically coupled to the permanent magnet, and 
a recti?er coupled betWeen the PMG Winding and the DC 
input. 

31. The induction machine of claim 28 Wherein the 
second inverter further includes an AC bus, and a recti?er 
coupled betWeen the AC bus and the DC input. 

32. An induction machine comprising: 

a squirrel cage rotor; 

?rst, second, and third stator Windings magnetically 
coupled to the squirrel cage rotor; 

?rst, second, and third capacitors coupled to the ?rst, 
second, and third stator Windings, respectively; and, 

a solid state sWitch coupled to the ?rst, second, and third 
capacitors, Wherein the solid state sWitch is arranged to 
sWitch the ?rst, second, and third capacitors so as to 
control excitation current supplied to the ?rst, second, 
and third stator Windings. 

33. The induction machine of claim 32 Wherein the solid 
state sWitch comprises: 

?rst and second lines; 
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a ?rst pair of diodes connected across the ?rst and second 
lines and having a common junction coupled to the ?rst 
capacitor; 

a second pair of diodes connected across the ?rst and 
second lines and having a common junction coupled to 
the second capacitor; 

a third pair of diodes connected across the ?rst and second 
lines and having a common junction coupled to the 
third capacitor; and, 

a solid state sWitching device having controlled terminals 
coupled across the ?rst and second lines. 

34. The induction machine of claim 32 further comprising 
fourth, ?fth, and siXth stator Windings magnetically coupled 
to the squirrel cage rotor, Wherein the solid state sWitch is 
arranged to sWitch the ?rst, second, and third capacitors so 
as to control the phase betWeen voltages produced by the 
?rst, second, and third stator Windings and by the fourth, 
?fth, and siXth stator Windings. 

35. The induction machine of claim 34 Wherein the ?rst, 
second, third, fourth, ?fth, and siXth stator Windings are 
Wound so as to mechanically control the phase betWeen 
voltages produced by the ?rst, second, and third stator 
Windings and by the fourth, ?fth, and siXth stator Windings. 

36. A generator/starter system for starting an engine and 
for tapping poWer from the engine in order to generate 
electricity comprising: 

a squirrel cage rotor; 

a main stator Winding magnetically coupled to the squirrel 
cage rotor so as to provide an AC output in response to 
rotation of the squirrel cage rotor and so as to rotate the 
squirrel cage rotor in response to an AC input; 

an auXiliary stator Winding magnetically coupled to the 
squirrel cage rotor so as to eXcite the main stator 
Winding; and, 
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a source of excitation current coupled to the auXiliary 
stator Winding. 

37. The generator/starter system of claim 36 further 
comprising a constant speed drive coupled to the squirrel 
cage rotor, Wherein the main stator Winding has output lines, 
and Wherein the main stator Winding is arranged to provide 
constant frequency output poWer on the output lines of the 
main stator Winding in response to rotation of the squirrel 
cage rotor by the constant speed drive. 

38. The generator/starter system of claim 36 further 
comprising: 

a recti?er coupled to the main stator Winding, Wherein the 
recti?er is arranged to rectify a variable frequency AC 
output from the main stator Winding to DC; and, 

an inverter coupled to the recti?er, Wherein the inverter is 
arranged to invert the DC from the recti?er to AC. 

39. The generator/starter system of claim 38 Wherein the 
inverter is a ?rst inverter, and Wherein the source of eXci 
tation current comprises a second inverter having a DC input 
and an AC output coupled to the auXiliary stator Winding. 

40. The generator/starter system of claim 39 Wherein the 
second inverter further includes a capacitor coupled to the 
DC input. 

41. The generator/starter system of claim 39 Wherein the 
second inverter further includes a PMG generator having a 
permanent magnet coupled to the squirrel cage rotor, a PMG 
Winding magnetically coupled to the permanent magnet, and 
a recti?er coupled betWeen the PMG Winding and the DC 
input. 

42. The generator/starter system of claim 38 further 
comprising: 

an AC bus coupled to the AC output of the inverter; and, 

a sWitch coupling an AC output of the inverter to the AC 
output of the main stator Winding. 

* * * * * 


