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(54) VARIABLE SPEED AC GENERATOR SYSTEM INCLUDING INDEPENDENTLY CONTROLLED 
ROTOR FIELD

(57) A variable speed analog current (AC) generator
system includes a main generator unit (102) in electrical
communication with a rotary transformer (104). The main
generator unit outputs a main output power signal, and
the rotary transformer adjusts a frequency of the main
output power signal. The variable speed analog current
(AC) generator system further includes an electronic ex-

citer controller (106) in electrical communication with the
rotary transformer. The exciter controller is configured to
determine a desired frequency of the main output power
and apply an exciter signal having an adjustable exciter
frequency to maintain the main output power signal at
the desired frequency.
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Description

TECHNICAL FIELD

[0001] The present inventive concept is related to gen-
erator architectures, and in particular, to generator archi-
tectures utilizing main field rotating power converters.

BACKGROUND

[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
alternating current (AC) generator systems have been
developed with various means of providing interaction
between magnetic fields and coils of wire. For example,
an AC generator system may include an auxiliary power
unit (APU) and an APU generator to provide a secondary
power source to an aircraft and/or a wind turbine gener-
ator to harvest the wind energy. In this manner the AC
generator system the APU, typically in the form of an
independent gas turbine engine, provides a drive shaft
(i.e., prime mover) to drive the APU generator. Similarly,
a wind turbine and associated wind turbine generator
may provide power to a commercial electrical grid. The
AC generator system is typically required to maintain a
constant output frequency in order to properly drive elec-
trical systems connected to the AC generator system out-
put. However, the rotational speed of the drive shaft can
vary during operation, thereby varying the respective out-
put frequencies of the APU generator and wind turbine
generator.

SUMMARY

[0003] According to a non-limiting embodiment, a var-
iable speed analog current (AC) generator system com-
prises a main generator unit that outputs a main output
power signal, and a rotary transformer in electrical com-
munication with the main generator unit. The rotary trans-
former is configured to adjust a frequency of the main
output power signal. An electronic exciter controller is in
electrical communication with the rotary transformer. The
exciter controller is configured to determine a desired
frequency of the main output power and apply an exciter
signal having an adjustable exciter frequency to the ro-
tary transformer that maintains the main output power
signal at the desired frequency.
[0004] According to another non-limiting embodiment,
a method of maintaining a desired frequency of a main
output power signal generated by a variable speed ana-
log current (AC) generator system comprises outputting
a main output power signal via a main generator unit.
The method further includes adjusting a frequency of the
main output power signal via a rotary transformer that is
in electrical communication with the main generator unit.
The method further includes determining a desired fre-
quency of the main output power and applying an exciter

signal having an adjustable frequency to the rotary trans-
former to maintain the main output power signal at the
desired frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The subject matter which is regarded as the in-
vention is particularly pointed out and distinctly claimed
in the claims at the conclusion of the specification. The
foregoing and other features, and advantages of the in-
vention are apparent from the following detailed descrip-
tion taken in conjunction with the accompanying draw-
ings in which:

FIG. 1 is an electrical schematic of a variable speed
AC generator system according to a non-limiting em-
bodiment;

FIG. 2A illustrates a rotary transformer according to
a non-limiting embodiment;

FIG. 2B is a cross-sectional view of the rotary trans-
former of FIG. 2A taken along line A-A’;

FIG. 3 is a power flow diagram of the variable speed
AC generator system when operating in a subsyn-
chronous speed mode according to a non-limiting
embodiment; and

FIG. 4 is a power flow diagram of the variable speed
AC generator system when operating in a super-syn-
chronous speed mode according to a non-limiting
embodiment.

DETAILED DESCRIPTION

[0006] According to at least one embodiment, a varia-
ble speed AC generator system is provided that includes
a main generator unit, a rotary transformer, and an elec-
tronic exciter controller. The main generator unit includes
a rotor and a stator that provides an output power having
a frequency based on the excitation of the three-phase
rotor and its rotational speed, shaft speed, and the
number of poles. The electronic exciter controller ulti-
mately excites the rotor with an exciter current having an
adjustable frequency. That is, the electronic exciter con-
troller controls the amount of current and the frequency
at which to excite the rotor. In this manner, the electronic
exciter controller monitors the output frequency of the
output power provided by the three-phase stator, and
adjusts the exciter frequency applied to the rotor such
that the output frequency is maintained at a desired fre-
quency. Accordingly, at least one embodiment of the dis-
closure provides a brushless variable AC generator sys-
tem that is configured to supply AC power having a rel-
atively constant frequency by adjusting the frequency of
the transformer current to compensate for speed varia-
tions of the drive shaft.
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[0007] Turning now to FIG. 1, an electrical schematic
of a variable speed AC generator 100 is illustrated ac-
cording to a non-limiting embodiment. The variable
speed AC generator 100 includes a main generator unit
102, a rotary transformer 104, an electronic exciter con-
troller 106, and a permanent magnet (PM) machine 108.
The main generator unit 102 includes a stator winding
circuit 110, and a rotor field winding circuit 112. According
to a non-limiting embodiment, the stator winding circuit
110 and the rotor field winding circuit 112 can be sepa-
rated from each other via an air gap (not shown in FIG.
1). In addition, at least one non-limiting embodiment in-
cludes a stator circuit 110 and a rotor circuit 112 con-
structed as a three-phase circuit. Accordingly, the main
generator unit 102 is configured to provide a three-phase
output power (Pel_A, Pel_B, Pel_C) in response to being
excited by electromagnetic energy generated by the rotor
circuit 112.
[0008] The rotary transformer 104 is interposed be-
tween the main generator unit 102 and the exciter con-
troller 106. With reference to FIGS. 2A-2B, the rotary
transformer 104 includes a stator core 114, a rotor core
116, a stator winding assembly 118 coupled to the stator
core 114, and a rotor winding assembly 120 coupled to
the rotor core 116. The stator core 114 is separated from
the rotor core 116 via an air gap 121. The stator winding
assembly 118 receives current (i.e., an exciter signal)
from the exciter controller 106 and generates an electro-
magnetic field. The rotor core 116 rotates about an axis
(AX) and in proximity of the electromagnetic field gener-
ated by the stator winding assembly 118. In this manner,
a current is induced in the rotor winding assembly 120
to induce an electromagnetic field, which in turn excites
and energizes the rotor circuit 112 of the main generator
unit 102.
[0009] The electronic exciter controller 106 is in elec-
trical communication with the rotary transformer 104, and
the PM machine 108 is in electrical communication with
the exciter controller 106. In this manner, the rotary trans-
former windings (i.e., the stator winding assembly 118
and the rotor winding assembly 120) are electrically con-
nected to the 112 of the main generator unit 102. Accord-
ingly, the stator frequency (fmdc) at the main generator
unit 102 that results from the shaft speed (n) and number
of pole pairs (pmg) can be directly controlled by adjusting
the exciter frequency (fc) generated by the exciter con-
troller 106.
[0010] According to a non-limiting embodiment, the
PM machine 108 either provides power to, or absorbs
power from, the exciter controller 106. The exciter con-
troller 106 outputs an exciter current that excites and en-
ergizes the stator winding assembly 118. The exciter cur-
rent is output with a variable exciter frequency (fc) that is
controlled by the exciter controller 106 as discussed in
greater detail below. The exciter controller 106 is also
configured to monitor the stator frequency (fmdc) of the
stator circuit 110, and adjust the exciter frequency (fc)
applied to the stator winding assembly 118 such that a

desired output frequency (f) is maintained. According to
an embodiment, the stator frequency (fmdc) is determined
based on the frequency (fPM) of PM machine 108, which
is proportional to the shaft speed (n). It should also be
appreciated that a separate sensor (not shown) may be
installed at the output of the main generator 102 which
measures the output frequency (f) and generates a feed-
back signal to the exciter controller 106 indicating the
measured output frequency (f).
[0011] Operation of the variable speed AC generator
100 according to non-limiting embodiments will now be
described with reference to FIGS. 3-4. A shaft 200 is
rotatably driven at a speed (n) by a prime mover 202,
which in turn rotationally drives the variable speed AC
generator 100 and the PM machine 108. According to a
non-limiting embodiment, the rotor field winding circuit
112 and the PM machine 108 are rotated synchronously
with each other. The PM machine 108 is in electrical com-
munication with the exciter controller 106 and can oper-
ate either as a generator or motor. According to a non-
limiting embodiment, the variable speed AC generator
100 is completely brushless.
[0012] When the rotor of the variable speed AC gen-
erator 100 is fed with the DC power, the number of poles
is 2pmg and the shaft 200 is driven with the speed (n),
the stator frequency (fmdc) is defined as: 

[0013] When, however, the rotor is fed with AC power,
the output frequency (f) of the output power generated
by stator 110 is defined as: 

where fc is the exciter frequency controlled by the exciter
controller 106. This exciter frequency (fc) is applied to
the rotor of the variable speed AC generator 100 via ro-
tary transformer 104, which in turn compensates for var-
iations in the shaft speed (n) and thus fluctuations in the
stator frequency (fmdc).
[0014] As described above, the exciter frequency (fc)
is generated by a solid-state exciter controller 106. The
exciter controller 106 is powered by the PM machine 108
with a frequency expressed as: 

[0015] The stator frequency (fmdc) is proportional to the
shaft speed n, where (pPM) is the number of pole pairs
of the PM machine 108. Thus, any change in the shaft
speed (n) causes a noticeable change in the stator fre-
quency (fmdc). The exciter controller 106, therefore, is
configured to adjust the exciter frequency (fc) to maintain
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the output frequency (f) of the variable speed AC gener-
ator 100 at a constant desired output frequency (f).
[0016] The slip (s) of the variable speed AC generator
100 is defined as: 

[0017] The slip (s) should be minimized, because the
rotor electric power (Per) (See FIGS. 2 and 3) is propor-
tional to the slip, i.e., 

where (Pel) is the output electric power of the variable
speed AC generator 100. Accordingly, the amount of
power (Per) that is absorbed (or delivered) by the rotor
winding of the variable speed AC generator 100 is re-
duced as the slip (s) decreases. The mechanical shaft
power of the variable speed AC generator 100 is: 

Thus, neglecting the losses: 

[0018] When the slip s > 0 (positive slip), the variable
speed AC generator 100 operates in subsynchronous
speed mode as illustrated in FIG. 3. The prime mover
202 drives the shaft 200, which in turn drives the variable
speed AC generator 100, the rotary transformer 104 and
the PM machine 108. According to a non-limiting embod-
iment, the AC generator 100 (e.g., the rotor field winding
circuit 112), the rotary transformer 104 (e.g., the rotor
winding assembly 120), and the PM machine 108 are
rotated synchronously with respect to one another. The
rotary transformer 104 feeds the variable speed AC gen-
erator 100 with the frequency (fc), i.e., the frequency gen-
erated by the exciter controller 106, to obtain the output
frequency (f) expressed by equation (2). A portion for the
output electric power (Pel) is converted by the variable
speed AC generator 100 from the mechanical power (Pm)
and a portion (e.g., the power (Per)) is supplied by the
rotary transformer 104 from the exciter controller 106,
which in turn is supplied by the PM machine 108. The
prime mover 202 rotates the shaft 200 to deliver the me-
chanical power not only to the variable speed AC gener-
ator 100, but also to the PM machine 108 while also taking
into account friction losses in the bearings of the rotary

transformer 104.
[0019] When the slip s < 0 (negative slip), the variable
speed AC generator 100 operates in a super-synchro-
nous speed mode as illustrated in FIG. 4. The rotor gen-
erates the electric power (Per), which flows from the rotor,
via rotary transformer 104, to the exciter controller 106
which in turn feeds the PM machine 108 operating as a
motor. The power (Per) in equation (7) is with the "-" sign.
The shaft of the variable speed AC generator 100 is driv-
en not only by the turbine mechanical power (Pm), but
also by the mechanical power (Pmr) delivered by the PM
machine 108. The difference Per - Pmr are losses in the
rotary transformer 104, exciter controller 106, and PM
machine 108.
[0020] As described in above, various embodiments
provide a variable speed AC generator system including
an independently controlled rotor field winding circuit.
The variable speed AC generator system includes an
electronic exciter controller that controls the amount of
current and the frequency at which to excite the rotor field
winding circuit. In this manner, the electronic exciter con-
troller monitors frequency at the main generator stator,
and adjusts the exciter frequency applied to the rotor field
winding circuit such that the output frequency of the var-
iable speed AC generator system is maintained at a de-
sired frequency. Accordingly, a variable speed AC gen-
erator system according to various embodiments can in-
crease the range on shaft (prime mover) speed variation
while the output frequency is kept constant.
[0021] As used herein, the term "module" or "control-
ler" refers to an application specific integrated circuit
(ASIC), an electronic circuit, a processor (shared, dedi-
cated, or group) and memory that executes one or more
software or firmware programs, a combinational logic cir-
cuit, an electronic microcontroller, and/or other suitable
components that provide the described functionality.
When implemented in software, a module can be em-
bodied in memory as a non-transitory machine-readable
storage medium readable by a processing circuit and
storing instructions for execution by the processing circuit
for performing a method.
[0022] While the invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, but which are com-
mensurate with the scope of the invention as defined by
the appended claims.

Claims

1. A variable speed analog current (AC) generator sys-
tem comprising:

a main generator unit (102) that outputs a main
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output power signal;
a rotary transformer (104) in electrical commu-
nication with the main generator unit, the rotary
transformer configured to adjust a frequency of
the main output power signal; and
an electronic exciter (106) controller in electrical
communication with the rotary transformer, the
exciter controller configured to determine a de-
sired frequency of the main output power and
apply an exciter signal having an adjustable ex-
citer frequency to the rotary transformer to main-
tain the main output power signal at the desired
frequency.

2. The variable speed AC generator system of claim 1,
wherein the rotary transformer is controlled inde-
pendently from the main generator unit, and wherein
the exciter controller adjusts the exciter frequency
of the exciter signal based on an output frequency
of the output power signal.

3. The variable speed AC generator system of claim 2,
wherein the main generator unit comprises:

a stator winding circuit (110); and
a rotor field winding circuit (112) separated from
the stator winding circuit via an air gap, the rotor
field winding circuit generating an first electro-
magnetic field that electrically excites the stator
winding circuit to generate the main output pow-
er signal.

4. The variable speed AC generator system of claim 3,
wherein the stator circuit and the rotor circuit are
each constructed as a three-phase circuit.

5. The variable speed AC generator system of claim 4,
wherein the main output power signal is a three-
phase output power signal.

6. The variable speed AC generator system of claim 3,
wherein the rotary transformer comprises:

a stator winding assembly (118) coupled to a
stator core (114); and
a rotor winding assembly (120) coupled to a rotor
core (116), the rotor core being separated from
the stator core.

7. The variable speed AC generator system of claim 6,
wherein the stator core generates a second electro-
magnetic field in response to receiving the exciter
signal at the stator winding assembly.

8. The variable speed AC generator system of claim 7,
wherein the second electromagnetic field induces a
current in the rotor winding assembly that generates
a third electromagnetic field to energize the rotor cir-

cuit.

9. The variable speed AC generator system of claim 8,
wherein the stator winding assembly and the rotor
winding assembly are each constructed as a three-
phase winding.

10. The variable speed AC generator system of claim 3,
further comprising a permanent magnet machine
(108) in electrical communication with the exciter
controller, the permanent magnet machine generat-
ing an input power that powers the exciter controller.

11. The variable speed AC generator system of claim
10, further comprising a prime mover (202) including
a drive shaft (200) that is rotatably connected to the
rotor field winding circuit and the permanent magnet
machine.

12. The variable speed AC generator system of claim
11, wherein the prime mover is configured to rotate
the shaft such that that the rotor field winding circuit
and the permanent magnet machine are rotated syn-
chronously with each other.

13. A method of maintaining a desired frequency of a
main output power signal generated by a variable
speed analog current (AC) generator system, the
method comprising:

outputting a main output power signal via a main
generator unit;
adjusting a frequency of the main output power
signal via a rotary transformer that is in electrical
communication with the main generator unit;
and
determining a desired frequency of the main out-
put power and applying an exciter signal having
an adjustable frequency to the rotary transform-
er to maintain the main output power signal at
the desired frequency.

14. The method of claim 13, further comprising control-
ling the rotary transformer independently from the
main generator unit.

15. The method of claim 14, further comprising:

generating a first electromagnetic field, via a ro-
tor field winding circuit that is separated from the
stator field winding circuit, that electrically ex-
cites a stator winding circuit to generate the main
output power signal;
generating a second electromagnetic field in re-
sponse to applying the exciter signal to a stator
winding assembly that is coupled to a stator
core, and generating a current in a rotor winding
assembly via the second electromagnetic field
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to generate a third electromagnetic field that en-
ergizes a rotor circuit, the rotor winding assem-
bly coupled to a rotor core that is separated from
the stator core;
rotating the rotor field winding circuit and a per-
manent magnet machine, wherein the rotor field
winding circuit and the permanent magnet ma-
chine are rotated synchronously with each oth-
er; and
adjusting an exciter frequency of the exciter sig-
nal based on an output frequency of the main
output power signal.

9 10 
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