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includes a main armature winding 32, 74 and the rotating

portion includes a main field winding 44, 94 a main field
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Description

BACKGROUND

[0001] The present invention is related to generator
architectures and in particular to generator architectures
utilizing main field rotating power converters.
[0002] In the simplest terms, generators convert me-
chanical energy to electrical energy via the interaction of
rotating magnetic fields and coils of wire. A multitude of
generator architectures have been developed with vari-
ous means of providing interaction between magnetic
fields and coils of wire. For example, a permanent magnet
generator (PMG) utilizes permanent magnets to gener-
ate a constant magnetic field, which is rotated via the
mechanical energy supplied by a prime mover such that
the rotating magnetic field interacts with the stator coils
to provide an output voltage. Another type of generator
supplies current through a coil to generate the desired
magnetic field, which is rotated via the mechanical ener-
gy supplied by a prime mover, such that a rotating mag-
netic field is created that interacts with stator coils to pro-
vide an output voltage.
[0003] In the former example, the output voltage sup-
plied by the PMG depends only on the magnitude of the
mechanical energy supplied by the prime mover. In the
latter example, the output voltage of the generator can
be regulated by varying the current supplied to the field
coil. For applications in which the output voltage must be
regulated, the latter example, known as a wound field
synchronous machine, is widely utilized. A PMG is some-
times utilized in conjunction with the wound field synchro-
nous machine to source the current supplied to an exciter
winding to regulate the output of the wound field synchro-
nous machine.
[0004] For example, in aircraft applications, a typical
variable frequency generator (VFG) includes a perma-
nent magnet section, an exciter section, and a main field
section. The permanent magnet portion includes perma-
nent magnets employed on the rotating portion, which
generate an alternating current voltage on the stator por-
tion. The AC voltage provided by the permanent magnet
portion is rectified and selectively applied to the exciter
winding on the stationary portion of the exciter. The ex-
citer current generates an AC voltage on the rotating por-
tion of the exciter. A rotating rectifier rectifies the AC volt-
age and supplies the DC voltage to a main field winding
on the rotating portion of the main field section. The DC
voltage on the main field winding induces the AC gener-
ator output voltage on the generator armature winding.
The magnitude of the AC generator output voltage is reg-
ulated by controlling the current supplied to the exciter
coil on the stationary portion of the exciter.
[0005] One drawback of this architecture is sudden
load changes may result in sudden changes in generator
speed, and consequently sudden increases in generator
output voltages which may be damaging to the generator
and/or attached loads.

SUMMARY

[0006] A generator includes a stationary portion and a
rotating portion. The stationary portion includes a main
armature winding and the rotating portion includes a main
field winding a main field rotating power converter that
selectively controls current supplied to the main field
winding.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 is a circuit diagram of an electric power gen-
eration and distribution system according to an em-
bodiment of the present invention.
FIG. 2 is a circuit diagram of an electric power gen-
eration and distribution system according to an em-
bodiment of the present invention.
FIG. 3 is a circuit diagram of a high voltage direct
current (HVDC) electric power generation and dis-
tribution system according to an embodiment of the
present invention.
FIG. 4 is a circuit diagram of a high voltage direct
current (HVDC) electric power generation and dis-
tribution system according to an embodiment of the
present invention.

DETAILED DESCRIPTION

[0008] FIG. 1 is a circuit diagram of electric power gen-
eration and distribution system 10 according to an em-
bodiment of the present invention. System 10 includes
generator 12, generator control unit (GCU) 14, and load
16. Generator 12 is divided into stationary portion 24 and
rotating portion 26. Stationary portion 24 includes exciter
field winding 28, stationary communication module 29
(which in this embodiment includes coil 30), and main
armature windings 32. Rotating portion 26 includes ex-
citer armature windings 34, rotating communication mod-
ule 35 (which in this embodiment includes coil 36), rec-
tifier 38, direct current (DC) link capacitor CdcR, DC link
bus 40, main field rotating power converter 42, main field
winding 44, and current sensor 46.
[0009] Generator control unit (GCU) 14 is responsible
for regulation and protection of generator 12. Regulation
refers to maintaining the output voltage of generator 12
provided by main armature winding 32 at a desired level.
Protection refers, at least in part, to preventing faults such
as overvoltage faults from damaging generator 12 or at-
tached loads 16. As discussed in more detail below, the
output voltage is regulated by either regulating the cur-
rent supplied to exciter field winding 28 (as is normally
done in wound field synchronous machines) or regulating
the current supplied to main field winding 44 located on
the rotating portion 26 of generator 12. Regulation of the
output voltage via control the current supplied to main
field winding 44 requires communication of com-

1 2 



EP 2 779 423 A2

3

5

10

15

20

25

30

35

40

45

50

55

mands/instructions/feedback across the air gap separat-
ing stationary portion 24 from rotating portion 26. Like-
wise, overvoltage protection is provided by communicat-
ing commands/instructions across the air gap separating
stationary portion 24 from rotating portion 26. As dis-
cussed in more detail below, based on the received in-
structions/commands, main field rotating power convert-
er 42 selectively applies voltage to main field winding 44.
[0010] In the embodiment shown in FIG. 1, GCU 14 is
connected to monitor the output voltage provided by main
armature winding 32, provide excitation (e.g., current) to
exciter field winding 28, and communicate commands,
instructions, and/or feedback to rotating portion 26 of
generator 12 via stationary communication module 29.
Excitation supplied to exciter field winding 28 induces an
AC voltage in exciter armature winding 34 located on
rotating portion 26. The AC voltage generated on exciter
armature winding 34 is rectified by rectifier 38 and DC
link capacitor CdcR to a DC voltage that is supplied to
main field rotating power converter 42 via DC link bus
40. In the embodiment shown in FIG. 1, rectifier 38 is a
passive rectifier comprised of a plurality of bridge-con-
nected diodes. In other embodiments, rectifier 38 may
be an active rectifier in which the diodes are replaced
with a plurality of solid-state switches selectively control-
led to provide a DC output to main field rotating power
converter 42. Main field rotating power converter 42 se-
lectively applies voltage from DC link 40 to main field
winding 44, allowing current to build up in main field wind-
ing 44 when main field rotating power converter 42 is On
and dissipating current in main field winding 44 when
main field rotating power converter 42 is Off. Current
through main field winding 44 induces an AC voltage in
main armature winding 32 that is monitored by GCU 14
and supplied to load 16.
[0011] In one embodiment, main field rotating power
converter 42 includes one or more switches that are
turned On and Off to selectively control the supply of
current to main field winding 44. The state of main field
rotating power converter 42 is modified based on feed-
back/commands received from GCU 14 via stationary
and rotating communication modudles 29 and 35, re-
spectively, which are coupled to communicate across the
air gap between stationary portion 24 and rotating portion
26. In the embodiment shown in FIG. 1, stationary and
rotating communication modules 29 and 35, respectively,
are implemented with inductively coupled coils 30 and
36, which form a rotating transformer. Control instruc-
tions generated by GCU 14 are communicated to primary
winding 30 and communicated across the airgap to sec-
ondary coil 36 via magnetic induction. In the embodiment
shown in FIG. 1, communications are unidirectional, from
GCU 14 to rotating portion 26. However, in other embod-
iments the communication between GCU 14 and rotating
portion 26 may be bi-directional, with instructions, feed-
back and commands communicated both ways.
[0012] In one embodiment, main field rotating power
converter 42 provides overvoltage protection to genera-

tor 12. The typical response to an overvoltage condition
is to remove the excitation from exciter field winding 24.
However, the lag between the time in which excitation is
removed from exciter field winding 28 and when excita-
tion is removed from main field winding 44 (which induces
the output voltage on main armature winding 32) may
result in voltages that are damaging to generator 12
and/or load 16. In embodiments in which main field ro-
tating power converter 42 is utilized to provide protection,
but not regulation of generator output voltage, GCU 14
selectively controls the supply of current provided to ex-
citer field winding 28 to regulate the output voltage pro-
vided by main armature winding 32. The voltage induced
in response to the exciter field winding current is provided
without regulation by main field rotating power converter
42 to main field winding 44, allowing current to build up
in main field winding 44. In response to an overvoltage
condition detected by GCU 14, a command is communi-
cated to rotating portion 26 to cause main field rotating
power converter 42 to remove excitation from main field
winding 44. In the embodiment shown in FIG. 1, com-
mands provided by GCU 14 are communicated across
the air gap between stationary portion 24 and rotating
portion 26 by inductively coupled transformer windings
30 and 36. Primary winding 30 is located on stationary
portion 24 and secondary winding 36 is located on rotat-
ing portion 26. In the embodiment shown in FIG. 1, the
command received on secondary winding 36 is commu-
nicated directly to driver circuit 46, which in response
commands main field rotating power converter 42 to turn
Off. In other embodiments, the command may require
demodulation before being provided to main field rotating
power converter 42. In response to the received com-
mand, main field rotating power converter turns Off,
thereby preventing the supply of voltage from rotating
rectifier 38 to main field winding 44. In addition, when
Off, main field rotating power converter 42 may be con-
figured to quickly dissipate current from main field wind-
ing 44, thereby quickly reducing the voltage induced on
main armature winding 32.
[0013] In another embodiment, utilized either inde-
pendently or in conjunction with the overvoltage protec-
tion provided by the architecture, main field rotating pow-
er converter 42 can be used to selectively regulate the
current supplied to main field winding 44 in order to reg-
ulate the output voltage of main armature winding 32. In
this embodiment, rather than regulate the output voltage
of generator 12 via control of the current supplied to ex-
citer field winding 28, the output voltage of generator 12
is regulated via control the current supplied to main field
winding 44. In this embodiment, the current supplied to
exciter field winding 28 may not be regulated, but rather
kept constant by GCU 14. Feedback regarding the output
voltage of generator 12 is communicated by GCU 14 to
rotating portion 26 via stationary and rotating communi-
cation modules 29 and 35. It should be noted, that while
a transformer circuit is utilized in the embodiment shown
in FIG. 1 to communicate instructions across the airgap
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between stationary portion 24 and rotating portion 26,
other means of communicating data over the air gap may
be employed. Further, as described in more detail below,
the type of feedback supplied by GCU 14 to main field
rotating power converter 42 may vary depending on the
embodiment. For example, in one embodiment GCU 14
monitors the output voltage of generator 12 and provides
commands to main field rotating power converter 42 re-
garding the magnitude of the current to be applied to
main field winding 44. These commands may include a
duty cycle that determines the On/Off time of main field
rotating power converter 42 and thus the magnitude of
the current to be supplied to main field winding 44. In
other embodiments, GCU 14 monitors the output voltage
and communicates the monitored output voltage to main
field rotating power converter 42, which based on the
received feedback provides regulation of the current sup-
plied to main field winding 44. That is, regulation based
on the monitored output voltage is determined on rotating
portion 26, rather than on stationary portion 24 by GCU
14 and then communicated to rotating portion 26.
[0014] In addition, communication between GCU 14
and rotating portion 26 may be bi-directional, with rotating
communication module providing feedback to GCU 14
regarding the monitored current through main field wind-
ing 44. In particular, in embodiments in which regulation
is performed by GCU 14 (rather than on rotating portion
26), then the current through main field winding 44 is
compared to a reference value to determine whether cur-
rent should be increased or decreased. In embodiments
in which regulation is performed on rotating portion 26,
then monitored current through main field winding 44 may
not be communicated to GCU 14, but rather utilized lo-
cally on rotating portion 26 to regulate the current through
main field winding 44.
[0015] In this way, main field rotating power converter
42, in combination with means for communicating across
the airgap between stationary portion 24 and rotating por-
tion 26, allows the output voltage of generator 12 to be
regulated via regulation of the main field winding current.
[0016] FIG. 2 is a circuit diagram of electric power gen-
eration and distribution system 50 according to an em-
bodiment of the present invention. The architecture of
generator 52 utilizes main field rotating power converter
92 for protection purposes only (i.e., does not provide for
regulation of main field winding current). System 50 in-
cludes generator 52, generator control unit (GCU) 56,
current sensor 58, and AC load and management system
60. Generator 12 includes stationary portion 64 and ro-
tating portion 66. Stationary portion 64 includes exciter
field winding 68, primary winding 70, and main armature
winding 74. Rotating portion 66 includes exciter armature
winding 76, first secondary winding 78, second second-
ary winding 80, hi-side gate driver 82 and low-side gate
driver 84, rotating rectifier 90, main field rotating power
converter 92 and main field winding 94. Main field rotating
power converter 92 includes hi-side switch T1r, low-side
switch T2r, and diodes D1r and D2r.

[0017] In the embodiment shown in FIG. 2, when
switches T1r and T2r are both turned On then the positive
DC voltage provided by rotating rectifier is applied to main
field winding 94 and allows current to build up in main
field winding 94. In particular, a conductive current path
is created from the DC output of rotating rectifier 90
through switch T1r to main field winding 94, and then
through switch T2r. When switches T1r and T2r are both
Off, then current from rotating rectifier 92 is prevented
from being supplied to main field winding 94. In this em-
bodiment, current through main field winding 94 is con-
trolled by regulating the current supplied to exciter field
winding 68. Thus, GCU 56 regulates the current through
exciter field winding 68 based on the monitored output
of generator 52. In response to an overvoltage condition
detected by GCU 56, the GCU generates a command to
turn Off switches T1r and T2r. The command generated
by GCU 56 is communicated via primary winding 70 to
first and second secondary windings 78 and 80, both of
which are coupled to primary winding 70. In response to
the received command, gate drive circuits 82 and 84 turn
Off switches T1r and T2r, respectively. When switches
T1r and T2r are both Off, current maintained in main field
winding 94 is quickly discharged through diodes D1r and
D2r and voltage across main field winding 94 becomes
negative such that the main field current decreases rap-
idly to zero. In this way, inductive energy stored in main
field winding 94 that would be slowly dissipated other-
wise, will be fed back to rotating components where the
current is quickly dissipated.
[0018] In this way, regulation of the generator output
is still controlled via regulation of the current through ex-
citer field winding 68, but the transient response to de-
tected overvoltage conditions is improved by communi-
cated a command to rotating portion 66 to turn Off switch-
es T1r and T2r associated with main field rotating power
converter 92. By turning Off switches T1r and T2r, current
through main field winding 94 is quickly dissipated
through diodes D1r and D2r such that the AC voltage
induced on main armature winding 74 is quickly de-
creased.
[0019] FIG. 3 is a circuit diagram of a high voltage direct
current (HVDC) electric power generation and distribu-
tion system 100 according to an embodiment of the
present invention. The embodiment shown in FIG. 3 al-
lows for both protection and regulation of the main field
winding current.
[0020] System 100 includes generator 102, exciter
converter circuit 104, generator control unit (GCU) 106,
current sensor 108, main output contactors 110, rectifier
112, and constant power load 114. Generator 102 in-
cludes stationary portion 116 and rotating portion 118.
Stationary portion 116 includes exciter field winding 120,
first primary winding 122, second primary winding 124,
and main armature winding 126. Rotating portion 118
includes exciter armature winding 128, first secondary
winding 130, second secondary winding 132, demodu-
lator 134, driver 136, hi-side/low-side gate driver 138,
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modulator 140, rotating rectifier 142, main field rotating
power converter 144 and main field winding 146. Main
field rotating power converter 144 includes hi-side switch
T1r, low-side switch T2r, and diodes D1r and D2r. Exciter
converter circuit 104 includes current sensor 148, exciter
power converter 150, voltage sensor 152, battery 154,
DC link capacitor Cdc, and exciter rectifier 156.
[0021] In the embodiment shown in FIG. 3, additional
circuitry has been added to allow the current through
main field winding 146 to be regulated, as opposed to
simply turned On or Off for protection purposes. As dis-
cussed with respect to the embodiment shown in FIG. 2,
switches T1r and T2r, as well as diodes D1r and D2r are
configured as an asymmetric H-bridge circuit in which
voltage supplied by rotating rectifier 142 is provided to
main field winding 146 when both switches T1r and T2r
are On and prevented from being supplied to main field
winding 146 when both switches T1r and T2r are Off. In
the embodiment shown in FIG. 3, the current through
main field winding 146 is regulated by maintaining switch
T2r in an On state and pulse width modulating switch T1r.
[0022] To enable regulation of current through main
field winding 146, bi-directional communication is re-
quired between rotation portion 118 and GCU 106. In
particular, the current through main field winding 146 is
monitored via current sensor 148. The monitored current
I_field is provided to modulator 140, which together with
driver circuit 136 converts the monitored current to a for-
mat (e.g., pulse stream) that can be communicated
across the airgap via second transformer windings 132
and 124 to GCU 106. In addition, GCU 106 monitors the
DC output voltage provided by rectifier 112 to load 114.
In response to the monitored DC voltage, GCU 106 gen-
erates a reference current value I_ref that represents the
desired current through main field winding 146. GCU 106
compares the reference current value I_ref to the moni-
tored current I_field to generate command instructions
for the switches T1r and T2r. The command instructions
are communicated to rotating portion 118 via first primary
winding 122 and first secondary winding 132. Demodu-
lator 134 decodes the command instructions and pro-
vides the instructions to hi-side/low-wide gate driver 138
to selectively turn switches T1r and T2r On and Off as
commanded. During normal operation low-side switch
T2r remains in the On state, and only hi-side switch T1r
is modulated On and Off. However, if an overvoltage con-
dition is detected then low-side switch T2r may be com-
manded to the Off position (along with hi-side switch T1r)
to prevent voltage from being supplied to main field wind-
ing 146 and to quickly drain current from main field wind-
ing 146.
[0023] In this way, regulation of the generator output
voltage is handled, not by regulation of the current
through exciter field winding 120, but rather through reg-
ulation of the current through main field winding. Because
regulation of the output voltage is provided via control of
the current through main field winding 146, the current
through exciter field winding 120 may be regulated or

unregulated.
[0024] In the embodiment shown in FIG. 3, exciter con-
verter 104 regulates the exciter field current to provide a
constant rotating power supply voltage (i.e., the voltage
provided by rotating rectifier 142) that is independent of
generator speed. For example, as the speed of the gen-
erator increases, the current supplied to exciter field
winding 120 is decreased to provide a constant voltage
to main field rotating power converter 144. Providing a
constant voltage to main field rotating power converter
144 simplifies the control algorithm employed by GCU
106 in regulating the current through main field winding
146.
[0025] Exciter converter 104 utilizes the AC output volt-
age of generator 102 as an input to source the excitation
provided to exciter field winding 120. The AC voltage is
rectified by exciter rectifier 156, with the DC output of
exciter power supply 156 being supplied to exciter con-
verter 150. Voltage sensor 152 monitors the DC voltage
supplied to exciter converter 150, and battery 154 sup-
plies voltage to the DC bus if the DC voltage supplied by
exciter rectifier 156 is insufficient. For example, when
first starting generator 102, no output voltage will be gen-
erated at main armature windings 126 until excitation is
provided to exciter field winding 120. In the embodiment
shown in FIG. 3, battery 154 provides DC voltage during
start-up of generator 102.
[0026] GCU 106 monitors the current supplied to ex-
citer field winding 120 via current sensor 148 and utilizes
exciter converter 150 to regulate the current supplied to
exciter field winding 120 to maintain a constant current.
In the embodiment shown in FIG. 3, exciter converter
includes first and second switches T1e, T2e, and diodes
D1e, D2e, connected in an asymmetric H-bridge config-
uration in which GCU 106 modulates switch T1e to reg-
ulate the current supplied to exciter field winding 120. As
discussed above, in an asymmetric H-bridge converter,
switch T2e remains On while switch T1e is modulated
On and Off to regulate the current supplied to exciter field
winding 120. Although an asymmetric H-bridge converter
is shown, in other embodiments, other well-know con-
verter circuits may be used to regulate the current sup-
plied to exciter field winding 120. In this way, exciter con-
verter circuit 104 regulates the exciter field current to pro-
vide a constant DC power supply provided by exciter ar-
mature winding 128 that is independent of generator
speed.
[0027] In another embodiment, the current supplied to
exciter field winding 120 is unregulated. In this embodi-
ment, AC voltage supplied by main armature winding 126
is rectified by exciter rectifier 156 and supplied directly
to exciter field winding 120. In this embodiment, the re-
sulting voltage provided by exciter armature winding 128
is not regulated and becomes a function of generator
speed. However, the current through main field winding
146 may still be regulated via main field rotating power
converter 144.
[0028] FIG. 4 is a circuit diagram of a high voltage direct
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current (HVDC) electric power generation and distribu-
tion system 162 according to an embodiment of the
present invention. System 162 includes generator 162,
generator control unit (GCU) 164, current sensor 166,
main output contactor 168, rectifier 170, load 172 and
voltage sensor 173. Generator 162 includes stationary
portion 174 and rotating portion 176. Stationary portion
174 includes exciter field winding 178, primary winding
180, and main armature winding 182. Rotating portion
176 includes exciter armature winding 184, demodulator
186, PWM current regulator 188, hi-side/low-side gate
driver 190, rotating rectifier 192, DC link capacitor CdcR,
main field rotating power converter 194, main field wind-
ing 196, and current sensor 198. Main field rotating power
converter includes hi-side switch T1r, low-side switch T2r
and diodes D1r, D2r connected in an asymmetric H-
bridge configuration.
[0029] In contrast with the embodiment shown in FIG.
3, in which the monitored current I_field through the main
field winding was communicated to the GCU for regula-
tion calculations, in the embodiment shown in FIG. 4,
rotating portion 176 includes PWM current regulator 188
to provide regulation of the main field winding current. A
benefit of this approach, is the monitored current does
not have to be communicated across the air gap to the
GCU, with command instructions subsequently provided
by the GCU in response to the monitored current.
[0030] In the embodiment shown in FIG. 4, GCU 164
monitors the output voltage of main armature winding
182. Based on the monitored output voltage, GCU 164
generates a a main field winding reference current (la-
beled I_ref) that is communicated to rotating portion 176
via transformer windings 180 and 186. Demodulator 187
demodulates the signal received at secondary winding
186 and provided the received reference current I_ref to
PWM current regulator 188, which compares the refer-
ence current I_ref to monitored current I_Field. Based on
the comparison, PWM current regulator 188 generates
command signals provided to hi-side/low-side gate driver
190 to selectively turn hi-side switch T1r and low-side
switch T2r On and Off. During normal operation, switch
T2r is normally maintained in the On state, while switch
T1r is pulse width modulated to generate the desire cur-
rent through main field winding 196. In addition, during
overvoltage conditions, both switches T1r and T2r may
be turned Off to provide protection to generator 162 by
quickly dissipating the current from main field winding
196.
[0031] In the embodiment shown in FIG. 4, GCU 164
supplies a desired current to exciter field winding 178.
As discussed above, the current supplied to exciter field
winding 178 may be regulated such that the voltage gen-
erated in exciter armature winding 184 is independent of
generator speed or may be unregulated.

Discussion of Possible Embodiments

[0032] The following are non-exclusive descriptions of

possible embodiments of the present invention.
[0033] A generator comprises a stationary portion and
a rotating portion. The stationary portion includes a main
armature winding. The rotating portion includes a main
field winding and a main field rotating power converter
that selectively controls current supplied to the main field
winding.
[0034] The generator of the preceding paragraph can
optionally include, additionally and/or alternatively, any
one or more of the following features, configurations
and/or additional components.
[0035] In any of the foregoing embodiments, the main
field rotating power converter may further include a high-
side switch connected between a positive DC voltage of
a DC bus link and a high side of the main field winding,
a low-side switch connected between a negative DC volt-
age of the DC bus link and a low side of the main field
winding, a first diode connected between the high side
of the main field winding and the negative DC voltage,
and a second diode connected between the low side of
the main field winding and the positive DC voltage.
[0036] In any of the foregoing embodiments, the high-
side switch and the low-side switch may be turned On to
allow the DC voltage provided by the DC bus link to be
supplied to the main field winding and turned Off to dis-
sipate current in the main field winding via the first and
second diode.
[0037] In any of the foregoing embodiments, the low-
side switch may be turned On and the high-side switch
may be modulated On and Off to regulate the current
through the main field winding.
[0038] In any of the foregoing embodiments, wherein
the generator may further include a stationary commu-
nication module located on the stationary portion and a
rotating communication module located on the rotating
portion that is coupled to receive input from the stationary
communication module. The rotating communication
module communicates instructions received from the
stationary communication module to the main field rotat-
ing power converter to selectively apply the DC voltage
provided by the DC link bus to the main field winding.
[0039] In any of the foregoing embodiments, the rotat-
ing communication module communicates may receive
instructions from the stationary communication module
to the main field rotating power converter to regulate the
current through the main field winding.
[0040] In any of the foregoing embodiments, the sta-
tionary communication module may include a first prima-
ry winding. The rotating communication module may in-
clude a first secondary winding inductively coupled to the
first primary winding and a second secondary winding
inductively coupled to the first primary winding.
[0041] In any of the foregoing embodiments, the gen-
erator may further include a high side switch connected
between a positive DC voltage of a DC link bus and a
high side of the main field winding, and a low-side switch
connected between a negative DC voltage of a DC link
bus and a low side of the main field winding, a first diode
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connected between the high side of the main field winding
and the negative DC voltage, and a second diode con-
nected between the low side of the main field winding
and the positive DC voltage. The generator may further
include a high-side gate drive circuit connected to drive
the high-side switch On and Off based on input received
from the first secondary winding and a low-side gate drive
circuit connected to drive the low-side switch On and off
based on input received from the second secondary
winding, wherein an instruction communicated to the first
primary winding is communicated to both the high-side
gate drive circuit via the first secondary winding and the
low-side gate drive circuit via the second secondary wind-
ing.
[0042] In any of the foregoing embodiments, the sta-
tionary communication module may include a first prima-
ry winding and a second primary winding. The rotating
communication module may include a first secondary
winding and a second secondary winding, wherein the
first primary winding is inductively coupled with the first
secondary winding to communicate instructions from the
stationary portion to the rotating portion and the second
primary winding is inductively coupled with the second
secondary winding to communicate feedback from the
rotating portion to the stationary portion.
[0043] In any of the foregoing embodiments, the gen-
erator may further include a demodulator coupled to de-
modulate instructions communicated via the first primary
winding and the first secondary winding, a gate drive cir-
cuit that controls the state of the main field rotating power
converter based on the demodulated instructions, a cur-
rent sensor that monitors current through the main field
winding, a modulator that modulates the sensed current,
and a driver circuit coupled to the second secondary
winding to communicate the modulated sensed current
as feedback from the rotating portion to the stationary
portion via second secondary winding and the second
primary winding.
[0044] In any of the foregoing embodiments, the main
field rotating power converter may include a high-side
switch connected between a positive DC voltage of a DC
link bus and a high side of the main field winding, a low-
side switch connected between a negative DC voltage
of the DC link bus and a low side of the main field winding,
a first diode connected between the high side of the main
field winding and the negative DC voltage, and a second
diode connected between the low side of the main field
winding and the positive DC voltage, wherein current
through the main field winding is regulated by maintaining
the low-side switch in an On state and pulse width mod-
ulating the high-side switch based on demodulated in-
structions received via the first primary winding and the
first secondary winding.
[0045] In any of the foregoing embodiments, the sta-
tionary communication module may include a primary
winding and the rotating communication module includes
a secondary winding inductively coupled to the primary
winding.

[0046] In any of the foregoing embodiments, the gen-
erator may further include a demodulator coupled to the
secondary winding to demodulate instructions received
from the primary winding, including a reference current
representing a desired current to be provided through
the main field winding, and a pulse-width modulator
(PWM) current regulator connected to monitor current
through the main field winding and compare the moni-
tored current to the reference current to calculated PMW
control signals provided to the main field rotating power
converter to selectively apply the DC voltage to the main
field winding.
[0047] A generator system may include a generator, a
stationary communication module, a rotating communi-
cation module, a generator control unit, and a main field
rotating power converter. The generator may include a
stationary portion and a rotating portion, wherein the gen-
erator includes a main field winding on the rotating portion
and an main armature winding on the stationary portion.
The rotating communication module is located on the ro-
tating portion of the generator and may be configured to
receive communications from the stationary communi-
cation module. The generator control unit is connected
to monitor the output voltage generated by the main ar-
mature winding of the generator and to provide instruc-
tions via the stationary communication module to the ro-
tating portion of the generator. The main field rotating
power converter located on the rotating portion of the
generator that in response to instructions received from
the GCU selectively controls excitation provided to the
main field winding.
[0048] The generator system of the preceding para-
graph can optionally include, additionally and/or alterna-
tively, any one or more of the following features, config-
urations and/or additional components.
[0049] In any of the foregoing embodiments, in re-
sponse to an overvoltage condition detected by the gen-
erator control unit, the generator control unit may provide
an instruction to the main field rotating power converter
to remove excitation from the main field winding.
[0050] In any of the foregoing embodiments, in re-
sponse to monitored output voltage of the generator, the
generator control unit may provide instructions to the ro-
tating portion of the generator to selectively turn main
field rotating power converter On and Off to regulate cur-
rent through the main field winding.
[0051] In any of the foregoing embodiments, in re-
sponse to monitored output voltage of the generator, the
generator control unit provides a current reference value
to the rotating portion of the generator, wherein the ro-
tating portion includes a pulse-width modulation current
regulator that selectively turns the main field rotating
power converter On and Off to regulate the current
through the main field winding.
[0052] In any of the foregoing embodiments, the main
field rotating power converter may further include a high-
side switch connected between a positive DC voltage of
a DC bus link and a high side of the main field winding,
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a low-side switch connected between a negative DC volt-
age of the DC bus link and a low side of the main field
winding, a first diode connected between the high side
of the main field winding and the negative DC voltage,
and a second diode connected between the low side of
the main field winding and the positive DC voltage.
[0053] In any of the foregoing embodiments, the high-
side switch and the low-side switch may be turned On to
allow the DC voltage provided by the DC bus link to be
supplied to the main field winding and turned Off to dis-
sipate current in the main field winding via the first and
second diode.
[0054] In any of the foregoing embodiments, the low-
side switch may be turned On and the high-side switch
may be modulated On and Off to regulate the current
through the main field winding.
[0055] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the teachings
of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention
not be limited to the particular embodiment(s) disclosed,
but that the invention will include all embodiments falling
within the scope of the appended claims.

Claims

1. A generator (12, 52) comprising:

a stationary portion (24, 64) that includes a main
armature winding (32, 74); and
a rotating portion (26) that includes a main field
winding (44, 94) and a main field rotating power
converter (42, 92) that selectively controls cur-
rent supplied to the main field winding (44).

2. The generator of claim 1, wherein the main field ro-
tating power converter (42, 92) includes:

a high-side switch (T1r) connected between a
positive DC voltage of a DC bus link and a high
side of the main field winding (44, 94);
a low-side switch (T2r) connected between a
negative DC voltage of the DC bus link and a
low side of the main field winding;
a first diode connected between the high side of
the main field winding and the negative DC volt-
age; and
a second diode connected between the low side
of the main field winding and the positive DC
voltage.

3. The generator of claim 2, wherein the high-side

switch (T1r) and the low-side switch (T2r) are turned
On to allow the DC voltage provided by the DC bus
link to be supplied to the main field winding (44, 94)
and turned Off to dissipate current in the main field
winding via the first and second diode (D1r, D2r).

4. The generator of claim 2, wherein the low-side switch
(T2r) is turned On and the high-side switch (T1r) is
modulated On and Off to regulate the current through
the main field winding (44, 94).

5. The generator of claim 1, further comprising:

a stationary communication module (29) located
on the stationary portion (24, 64); and
a rotating communication module (35) located
on the rotating portion (26, 66) that is coupled
to receive input from the stationary communica-
tion module (29), wherein the rotating commu-
nication module communicates instructions re-
ceived from the stationary communication mod-
ule (29) to the main field rotating power convert-
er to selectively apply the DC voltage provided
by the DC link bus to the main field winding.

6. The generator of claim 5, wherein the rotating com-
munication module communicates instructions re-
ceived from the stationary communication module
to the main field rotating power converter to regulate
the current through the main field winding.

7. The generator of claim 5, wherein the stationary
communication module (29) includes a first primary
winding and the rotating communication module in-
cludes a first secondary winding inductively coupled
to the first primary winding and a second secondary
winding inductively coupled to the first primary wind-
ing.

8. The generator of claim 7, further including:

a high-side switch (T1r) connected between a
positive DC voltage of a DC link bus and a high
side of the main field winding (44, 94);
a low-side switch (T2r) connected between a
negative DC voltage of a DC link bus and a low
side of the main field winding (44, 94);
a first diode connected between the high side of
the main field winding and the negative DC volt-
age; and
a second diode connected between the low side
of the main field winding and the positive DC
voltage;
a high-side gate drive circuit connected to drive
the high-side switch On and Off based on input
received from the first secondary winding (78);
and
a low-side gate drive circuit connected to drive
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the low-side switch On and off based on input
received from the second secondary winding
(88), wherein an instruction communicated to
the first primary winding is communicated to
both the high-side gate drive circuit via the first
secondary winding (78) and the low-side gate
drive circuit via the second secondary winding
(88).

9. The generator of claim 5, wherein the stationary
communication module includes a first primary wind-
ing (122) and a second primary winding (124) and
the rotating communication module includes a first
secondary winding (130) and a second secondary
winding (132), wherein the first primary winding (122)
is inductively coupled with the first secondary wind-
ing (130) to communicate instructions from the sta-
tionary portion to the rotating portion (118) and the
second primary winding (124) is inductively coupled
with the second secondary winding (132) to commu-
nicate feedback from the rotating portion (118) to the
stationary portion.

10. The generator of claim 9, further including:

a demodulator (134) coupled to demodulate in-
structions communicated via the first primary
winding (122) and the first secondary winding
(130);
a gate drive circuit that controls the state of the
main field rotating power converter based on the
demodulated instructions;
a current sensor (148) that monitors current
through the main field winding;
a modulator (140) that modulates the sensed
current; and
a driver circuit (136) coupled to the second sec-
ondary winding (132) to communicate the mod-
ulated sensed current as feedback from the ro-
tating portion (118) to the stationary portion via
second secondary winding (132) and the sec-
ond primary winding (124).

11. The generator of claim 10, wherein the main field
rotating power converter includes:

a high-side switch connected between a positive
DC voltage of a DC link bus and a high side of
the main field winding;
a low-side switch connected between a negative
DC voltage of the DC link bus and a low side of
the main field winding;
a first diode connected between the high side of
the main field winding and the negative DC volt-
age; and
a second diode connected between the low side
of the main field winding and the positive DC
voltage, wherein current through the main field

winding is regulated by maintaining the low-side
switch in an On state and pulse width modulating
the high-side switch based on demodulated in-
structions received via the first primary winding
and the first secondary winding.

12. The generator of claim 5, wherein the stationary
communication module includes a primary winding
and the rotating communication module includes a
secondary winding inductively coupled to the prima-
ry winding.

13. The generator of claim 12, further including:

a demodulator (134) coupled to the secondary
winding to demodulate instructions received
from the primary winding, including a reference
current representing a desired current to be pro-
vided through the main field winding; and
a pulse-width modulator (PWM) current regula-
tor connected to monitor current through the
main field winding and compare the monitored
current to the reference current to calculated
PMW control signals provided to the main field
rotating power converter to selectively apply the
DC voltage to the main field winding.

14. A generator system comprising:

the generator of any preceding claim;
a stationary communication module (29) located
on the stationary portion (24, 64) of the gener-
ator;
a rotating communication module (35) located
on the rotating portion (26, 66) of the generator
and configured to receive communications from
the stationary communication module (29);
a generator control unit (164) connected to mon-
itor the output voltage generated by the main
armature winding (32, 44) of the generator and
to provide instructions via the stationary com-
munication module to the rotating portion of the
generator; and
wherein said main field rotating power converter
is located on the rotating portion of the generator
and, in response to instructions received from
the GCU, selectively controls excitation provid-
ed to the main field winding.

15. The generator system of claim 14, wherein in re-
sponse to an overvoltage condition detected by the
generator control unit (164), the generator control
unit provides an instruction to the main field rotating
power converter to remove excitation from the main
field winding, and/or wherein in response to moni-
tored output voltage of the generator, the generator
control unit (164) provides instructions to the rotating
portion of the generator to selectively turn main field
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rotating power converter On and Off to regulate cur-
rent through the main field winding, and/or wherein
in response to monitored output voltage of the gen-
erator, the generator control unit (164) provides a
current reference value to the rotating portion of the
generator, wherein the rotating portion includes a
pulse-width modulation current regulator that selec-
tively turns the main field rotating power converter
On and Off to regulate the current through the main
field winding.
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