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APPARATUS FOR PROVIDING AC ELECTRICAL
ENERGY AT A PRESELECTED FREQUENCY

BACKGROUND, SUMMARY AND OBJECTS OF THE
INVENTION

The most common means of generating AC energy is by
means of a generator driven by a prime mover. In the United
States, and in many other countries of the world, the standard
AC frequency is 60 cycles per second and the electric power
and transmitting industry is equipped to transmit AC energy
throughout the nation; and other parts of the world, only at
this relatively low frequency. It has long been known that the
size, and therefore the expense of building a generator to
produce a preselected power output increases as the frequen-
cy decreases. That is, a generator to produce a given kilowatt
out can be built more economically if it is constructed to
operate at a higher frequency compared to 60 cycles per
second. Since the standard in the industry, however, has
become 60 cycles per second, and since the electric utility
companies are geared to produce and distribute energy at 60
cycles only, the use of high frequency generators is not practi-
cal.

This invention provides a means of utilizing a high frequen-
¢y generator to produce a low frequency output. This is one
example of the application of the invention. In its broader con-
cept the invention relates to a means of utilizing an AC
generator designed for a high frequency output to be adapted
to provide AC energy output at any selected lower frequency.

When two AC generators are operated in parallel the speed
of rotation of the generators must be synchronized so that the
generator outputs are in phase with each other. This becomes
a problem in the utility industry in which the paralleled
generating facilities may be physically spread from each other,
sometimes by many miles. This invention provides a means of
generating electrical energy by means of paralleled rotating
AC generators wherein the speed of rotation of the generators
does not have to be synchronized.

It is an object of this invention to provide a method and ap-
paratus for operating an AC generator driven by a. prime
mover such that the frequency output of the generator is vari-
able and.independent of the speed of generator rotation.

Another object of a method and apparatus of this invention
is to provide a method and apparatus of combining field ex-
citation modulation of an AC generator with rectifier means
such that the primary generator output frequency is essentially
independent of prime mover speed.

These general objects, as well as more specific objects of the

invention, will be fulfilled by the method and apparatus to be
described in the following specifications and claims, taken in
conjunction with the attached drawings.

DESCRIPTION OF VIEWS

FIG. 1 is a block diagram of the basic components used to
practice the method of this invention wherein a generator is
operated to provide a power output at a preselected frequency
independent of the speed of generator rotation.

FIG. 2 is a block diagram of an alternate embodiment of the
invention for the production of low frequency energy output
by utilization of a higher frequency generator.

FIG. 3 is a schematic of one example of a switched rectifier
system which is used as a portion of the method and apparatus
of producing a lower output frequency from a high frequency
AC generator. i

FIG. 4 is a schematic of an alternate embodiment of a
switched rectifier system.

FIG. 5 is a diagram of a control voltage which may be util-
ized to control the switched rectifier system of FIG. 3.

FIG. 6 is a schematic showing the switched rectifier system
of FIG. 3 connected to an output transformer.

FIG. 7 is an additional alternate arrangement of a switched
rectifier system.

FIG. 8A is a diagram of the voltage output from a generator
having the field modulated at the alternately desired AC out-
put frequency.

10

15

20

25

30

35

40

45

50

55

60

65

70

75

2

FIG. 8B is a diagram of the voltage output of a generator
having the field modulated at the desired output frequency
and after the output has passed through the switched rectifier
system.

FIG. 9 is a schematic diagram showing an embodiment of a
three phase generator with the switched rectifier system.

FIGS. 10A, 10B and 10C are voltage diagrams of the in-
dividual phase outputs of the circuit arrangement of FIG. 9.

FIG. 10D is a voltage diagram of the output of the switched
rectifier system, constituting a summation of the voltages as
reflected in FIGS. 10A, 10B and 10C.

FIG. 11 is a cross-sectional view of two AC generators, the
rotors of which are secured to the same shaft, the rotating
fields being connected to separate slip rings so that the fields
may be independently excited as a means of practicing an al-
ternate embodiment of the invention. )

FIG. 12A is a voltage diagram of the excitation voltage fed
to the field of one of the generators of FIG. 11 and FIG. 12B is
a voltage’ diagram of the excitation voltage fed to the field of
the other generator.

FIG. 13A is a voltage diagram of the output of the
mechanism of the embodiment of FIG. 11. FIG. 13B is a volt-
age diagram of the output of the mechanism of the embodi-
ment of FIG. 11 after passing through a switched rectifier cir-
cuit.

FIG. 14 is a cross-sectional view of a portion of a rotating
field generator in which field excitation is supplied by a trans-
former having a rotating secondary, thereby eliminating the
need for slip rings.

DETAILED DESCRIPTION

Turning now to the drawings, first to FIG. 1, a basic system
by which the invention may be practiced is illustrated in block
diagram. Electrical energy is provided by a high frequency
generator 20 driven by a prime mover (the prime mover not
being shown). Assuming it is desired to provide 60 cycle AC
energy output, the generator 20, according to this invention,
may produce AC energy out at conductors 22 at any frequen-
cy higher than 60 cycles per second. From a practical stand-
point, the frequency of generator 20 should be several multi-
ples of the desired output such as, when the desired output is
60 cycles per second, generator 20 should preferably produce
AC energy output at conductors 22 at a frequency in excess of
180 cycles per second to simplify subsequent filter require-
ments. Since, as previously mentioned, the size of an AC
generator necessary to produce a preselected energy level out-
put decreases as the frequency increases, it is desirable that
the frequency of generator 20 be several hundred or several
thousand cycles per second.

Numeral 24 indicates the field of generator 20. AC genera-
tors are of two basic types; one being the revolving armature
stationary- field type, and the other being the revolving field
stationary armature type: The revolving armature AC genera-
tor is seldom used since power output must be transmitted
through slip rings. This invention will function in-the same
manner regardless of the type of AC generator to which it is
applied, but will be described as it relates to a revolving field
AC. generator. In normal operation, typical of AC generator-
application at the present time, field 24 of generator 20 is con-
nected to a DC voltage source to cause a steady state magnetic

‘field which is rotated by the rotor to produce AC energy in the

stationary armature windings, AC energy appearing in con-
ductors 22. By this invention, instead of the application of a

‘DC voltage to field 24, an AC voltage is applied at the

frequency of the ultimately desired AC energy output. A field
exciter apparatus 26 provides the AC voltage to generator
field 24. Field exciter 26 may be the form such as an AC
generator, a crystal controlled frequency source, or any other
AC voltage source. As indicated by the dotted lines 28, the
field exciter 26 may be remotely controlled to provide
synchronization of the generator output with paralleled
generating facilities.
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The AC energy output from generator 20 appearing at con-
ductors 22 is a modulated AC voltage as shown in FIG. 8A,
the fundamental frequency being that of the generator output
20 which is determined by the number of poles and the speed
of rotation of the generator with the modulation frequency
being controlied by field exciter 26.

The voltage shown in FIG. 8A is fed to a switched rectifier
system 30. Within the switched rectifier system 30 the signal
output from generator 20 is rectified to provide output at con-
ductors 32 of the signal such as appears in FIG. 8B. The
rectified, modulated high frequency AC energy at conductors
32 is applied to filter and output system 34 wherein the high
frequency AC components are filtered out and the desired AC
output voltage is provided at power output conductors 36.

It can be seen that the AC energy output appearing at con-
ductors 36 is independent of the fundamental frequency out-
put at conductors 22 from generator 20 but instead the
frequency of the AC energy at conductors 36 is determined by
the field exciter 26.

In order to properly control the switching in the switched
rectifier system 30 a rectifier control! 38 is provided. It is obvi-
ously highly desirable that switching of the rectifier system
take place at instance of zero current flow. If the load applied
to power output conductors 36 has a unity power factor the
control of the switched rectifier system 30 may be simultane-
ous with the modulation of generator field 24 and thus a signal
from field exciter 26 may be used to govern the rectifier con-
trol 38. However, unit power factor load is seldom encoun-
tered and therefore the current may lead or lag the voltage in
the output conductors 36. If such occurs and if switching takes
place at a point other than at zero current, then the switching
devices used in switched rectifier system 30 would need to be
of a size and capacity to handle such current flows. To
eliminate this requirement rectifier control 30 is preferably
actuated to induce switching in the switched rectifier system
30 at times of minimum current flow. To accomplish this, a
current transformer 40 connected to output conductor 36
may be utilized to sense the point of zero current flow. Cur-
rent transformer is connected to the rectifier control 38 by
conductor 42 to cause switching to take place at zero current
thereby making possible the use of rectifier control devices
having minimum current interrupting capacities.

FIG. 2 shows a slightly altered arrangement of the basic
concept of the invention. In FIG. 2, generator 20 is driven by a
prime mover 44. To provide means for modulation of the high
frequency generator 20, voltage applied to field 24 is supplied
by a 60 cycle generator 46. Prime mover 44 is coupled to the
generator 46 by means of a gear reducer 48. The balance of
the arrangement of FIG. 2 functions are described with
reference to FIG. 1. In the arrangement of FIG. 2, the modu-
lated field excitation is simply supplied by lower frequency
(60 Hz) generator 46 driven by the same prime mover, how-
ever this arrangement has the disadvantage that the power
output at conductors 36 has a frequency dependent upon the
rate of rotation of the prime mover 44 and therefore does not
have some of the advantages which accrue to other means for
exciting the field of generator 20. In addition, the arrangement
of FIG. 2 does not easily lend itself to remote control of the
frequency of the power out at conductors 36, such as for pur-
poses of synchronizing with other paralleled energy producing
systems.

FIG. 3 shows one arrangement of a switched rectifier system
which may be utilized in the invention. Modulated high
frequency energy having a wave form of FIG. 8 is supplied
from the generator output conductors 22. By means of a
bridge circuit of paralleled switchable rectifiers 50, the output
of the generator is converted to a rectified voltage as shown in
FIG. 8B. This wave form appears at conductors 32. While con-
trolled rectifiers 50 are illustrated as a means of obtaining the
switched rectifier system 30, other types of controllable
rectifiers, such as thyratrons, will function equally as well.

Each switchable rectifier 50 is controlled by a suitable
trigger signal, such as a square wave signal as illustrated in
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FIG. 5, supplied by rectifier control 38, the signal being ap-
plied to the rectifier trigger element.

FIG. 4 shows an alternate arrangement for a switched recti-
fier system 30. The voltage output from the high frequency
generator appearing at conductor 22 is supplied to controlled
rectifiers 50 and from thence to rectifier bridge circuits 52A
and 52B. Across each bridge circuit is a primary of a trans-
former 54A. The secondaries of the transformers 54B provide
the output of the switched rectifier system, appearing at con-
ductors 32. The signal appearing at conductor 32 is illustrated
by the voltage wave form showing one complete cycle. The
voltage appearing across the transformer primaries 54A and
54B is also illustrated. By this arrangement during the period
T, the upper rectifier 50 is turned on and the lower rectifier 50
is turned off. During the period T,, the upper rectifier 50 is
turned off and the lower rectifier 50 is turned on.

FIGS. 6 and 7 show still other arrangements for providing
the switched rectifier system of the invention, as an illustration
that the specific embodiment of such portion of the invention
may take many forms.

This invention as described to this point has been to the sim-
ple form of the single phase application. FIG. 9 is a schematic
arrangement of a three phase generator arrangement. Genera-
tor 20 has three armature windings 56A, 56B and 56C. The
output of each of the armature windings is fed to bridge
rectifiers 58A, 58B and 58C. With the field winding (not
shown in FIG. 9) modulated at the ultimately desired output
frequency, the voltage out of bridge circuit 58A will appear as
illustrated in FIG. 10A, the output of bridge circuit 58B as il-
lustrated in FIG. 10B, and the output of bridge circuit 58C as
illustrated in FIG. 10C. The output of the bridges 58A, 58B
and 58C in connected series is illustrated so that the voltages
are summed, and appearing at conductors 22 in form as shown
in FIG. 10B. FIG. 13A shows an enlarged view of the wave
form 10D which appears as conductors 22. This voltage is ap-
plied to switched rectifier system 30 consisting of the four il-
lustrated switched rectifiers 50A, 50B, 50C and 50D.
Rectifiers 50A and 50B are triggered together and rectifiers
50C and 50D are triggered together by a rectifier control (not
shown in FIG. 3) to provide AC energy output at conductors
32 having the wave form shown in FIG. 13B. This wave form
has the frequency of the modulation of the field of generator
20 with the switchable rectifier system 30 switched in
synchronization to provide a single phase AC voltage applied
to load 60. To eliminate the high frequency AC components
remaining in the voltage at conductors 32, as shown in FIG.
13B, filtering arrangements of known practice may be utilized.

Another means of utilizing a three phase generator in the
practice of this invention includes the reversal of armature
windings 56B, 56C in series with winding 56A (FIG. 9) with
the series output fed directly to a single bridge rectifier and
from the bridge rectifier to a switched rectifier system 30. This
arrangement results in single phase AC voltage at twice the
value of the voltage appearing at any one of the armature
windings.

FIG. 11 shows an additional alternate embodiment of the in-
vention wherein the generator is split into two portions, 20A
and 20B. Generator 20A includes a stator-armature portion

" 62A and a rotor-field 64A. In like manner generator 20B in-
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cludes a stator-armature 62B and a rotor-field 64B. Both the
rotor-fields are secured to the same shaft 66. Also affixed to
shaft 66'is a first slip ring 68A providing electrical connection
to rotor-field 64A and a second slip ring 68B providing electri-
cal connection to rotor-field 64B. Each of the generators 20A
and 20B may be connected as shown in FIG. 9 to provide,
after the bridges 58A, 58B and 58C voltage outputs as shown
in FIGS. 12A and 12B. That is, generator 20A may have an
output as shown in FIG. 12A and generator 20B an output as
shown in FIG. 12B. This is arranged by having the field excita-
tion such that the field of generator 20A is excited by a wave
form having the mathematical relationship A + B sin wt and
the wave form exciting the field of generator 20B having the
relationship — A + B sin wt, wherein “A"™ represents the DC
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component and “B sin wt” the AC component. The outputs
from the two generators 20A and 20B after passing the bridge
circuits may then be directly combined to provide a voltage

having the wave form of FIG. 13B without the necessity of .

utilizing a switched electrifier system. Such arrangement also
eliminates the power factor problem encountered in switching
rectifiers as previously discussed. In addition, if the fields of
generators 20A and 20B are excited in such a way as to
resonate, the generator output builds up appropriately by it-
self.

The embodiment of FIG. 11 may be practiced by making
generator 20B a DC generator supplying a —A DC component
which when added to the rectified output of generator 20A,
cancels the DC component of generator 20A to provide the
wave form of FIG. 13B without the use of switching rectifiers.

The advantages of this invention are enhanced by utilizing
generators designed to utilize high frequency generators
which means the fields must be rapidly rotated. The voltage
necessary to modulate the field must be passed to the rapidly
rotating fields. While slip rings work satisfactorily at low
speeds, problems are encountered at exceedingly high rota-
tion rates. FIG. 14 shows an arrangement for solving this
problem.

Generator 20 has a stator-armature 62, and a rotor-field 64
rotated by shaft 66. Normally a slip ring is affixed to shaft 66
as means of providing electrical energy to the rotating field 64.
In place of such slip rings a transformer arrangement is pro-
vided by means of which voltage is induced to drive field 64. A
transformer stationary element 70 has an internal circum-
ferential groove receiving a stationary coil 73 with conductor
73A extending from the coil. The AC voltage is applied by
conductor 73A to the stationary coil 73. Affixed to shaft 66 is
a transformer rotating element 72 having an external circum-
ferential groove on which is wound a transformer secondary
coil 74. The rotating element 72 rotates within the circular
opening 70A in the stationary element but does not touch the
stationary element. Conductors 74A extend from coil 74 to
the generator rotating field 64. With AC voltage applied to
conductors 73A voltage is induced from the primary 73 to the
secondary 74 and transmitted by conductor 74A to the rotat-
ing field 64. Induction between primary 73 and secondary 74
takes place regardless of speed of rotation of the shaft 66. If
DC voltage is required for excitation of field 64 it may be sup-
plied by means of a rectifier system 76 carried on shaft 66,
which may be, as illustrated, within the rotor 64. Rectifier 76
may be arranged such as to produce a voltage excitation of the
field consisting of a DC voltage with AC component superim-
posed thereon such as utilized with reference to the embodi-
ment of FIG. 11 previously described.

It can be seen that the frequency of field modulation may be
time varied. Thus the expression “‘preselected frequency”
means the desired output frequency of any instant of time,
which frequency may be varied as desired.

While the invention has been described with a certain
degree of particularity it is manifest that many changes may be
made in the details of construction and the arrangement of
components without departing from the spirit and scope of
this disclosure. For instance, various generator outputs are ob-
tainable by varying: (a) the number of magnetic circuits; (b)
the field excitation waveform, including harmonic content;
(c) the amount of DC versus AC in the field excitation; (d) the
degree of field core saturation; and (3) the number of phases
of the generator. The invention is not limited to the method
and apparatus set forth herein for purposes of exemplifying
the invention, but the invention is to be limited only by the
scope of the attached claim or claims, including the full range
of equivalency to which each element or step thereof is entl-
tled.

What is claimed:

1. A generator, comprising:

a stator having armature windings;

a rotor rotatably supported relative to said stator, said rotor

having field windings;
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a transformer secondary rotated with said rotor and having
~electrical connection to said generator field windings; and

a transformer primary stationarily supported adjacent said
stator, said transformer when energized by AC voltage
providing generator field excitation.

2. A generator according to claim 1 including rectifier
means affixed to said rotor having electrical connection to
said transformer secondary and to said field windings.

3. A generator according to claim 1 including:

means of exciting said transformer primary and thereby said
generator field at a preselected frequency whereby said
stator windings provide AC energy modulated at the
preselected frequency; and

rectifier means having a power input, and a power output,
the power input being connected to said generator, the
modulated output of said generator being rectified to pro-
vide AC energy at the preselected frequency.

4. Apparatus for providing AC electrical energy at a
preselected frequency according to claim 3 in which said
rectifier means is controlled in synchronization with the
preselected frequency.

5. Apparatus for providing AC electrical energy at a
preselected frequency according to claim 3 in which said
rectifier means is controlled in response to the current flow at
the rectifier means output.

6. Apparatus for providing AC electncal energy at a
preselected frequency according to claim 5 including a cur-
rent transformer means in series with said rectifier means
power output, and means controlling said rectifier means in
response to detected current flow in said current transformer
to switch said rectifier means when the detected current flow
is minimum.

7. Apparatus for providing AC electrical energy at a
preselected frequency according to claim 3 in which said AC
generator is a three phase generator having three power out-
put circuits each providing AC energy at a frequency higher
than the preselected frequency and in equally spaced phased
relationship and including: :

a full wave rectifier means connected to each of said three
power output, said full wave power outputs being con-
nected in series with said controlled rectifier means
power input.

8. Apparatus for providing AC electrical energy at. a
preselected frequency according to claim 3 in which said AC
generator is a three phase generator having three power out-
put circuits each providing AC energy at a frequency higher
than the preselected frequency and in equally spaced phased
relationship, and in which the three power output circuits are
connected in series with two of the power output circuits
reversed, the seriesed connection providing said generator AC
energy connected to said controlled rectifier means power in-
put.

9. Apparatus for providing AC electrical energy at a
preselected frequency according to claim 3 in which said
rectifier means is a controlled rectifier means.

10. Apparatus for providing AC electrical energy according
to claim 3 in which said generator includes two electrically
and magnetically separated stator-armature portions and two
electrically and magnetically separated rotor-fields rotated by
the same shaft, and wherein a separate rectifier means is con-
nected to each said stator-armature, the outputs of the rectifi-
er means being combined to provide electrical energy output
at the preselected frequency.

11. Apparatus for providing AC electrical energy according
to claim 10 in which one of said generator fields is modulated
by a voltage signal defined by the relationship A + B sin wtand
the other of said generator fields is modulated by a voltage
signal defined by the relationship — A + B sin wt, wherein “A”
is-a DC voltage component and “B sin wt” is an AC voltage
component.

12. A generator for providing AC electrical energy at a
preselected frequency, comprising:

arotated shaft;
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first -and second electrically and magnetically separated
rotor fields rotated by said shaft;

first and second electrically and magnetically separated sta-
tor-armatures positioned adjacent said first and second
rotor-fields respectively;

means of modulating said fields at the preselected frequen-
cy; and

separate rectifier means connected to each said stator-ar-
mature, the outputs of the rectifier means being com-
bined to provide electrical energy output at the
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preselected frequency.

13. Apparatus for providing AC electrical energy according
to claim 12 in which one of said generator fields is modulated
by a voltage signal defined by the relationship A + B sin wtand
the other said generator fields is modulated by a voltage signal
defined by the relationship — A -+ B sin wt, wherein “A” is a
DC voltage component and “B sin wt” is an AC voltage com-
ponent.

* ok ok ok ok

60 -

65

70

75



