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JET ENGINE ASSEMBLY AND METHOD FOR GENERATING ELECTRICITY
FIELD OF THE INVENTION
{0001A] The present invention relates to a method of generating electricity.
BACKGROUND OF THE INVENTION

[0001] Turbine engines, and particularly gas turbine engines, also known as combustion
turbine engines, are rotary engines that extract energy from a flow of combusted gases
passing through the engine onto a multitude of turbine blades. Gas turbine engines have
been used for land and nautical locomotion and power generation, but are most commonly
used for aeronautical applications such as for airplanes, including helicopters. In airplanes,
gas turbine engines are used for propulsion of the aircraft.

[0002] Gas turbine engines can have two or more spools, including a low pressure (LP)
spool that provides a significant fraction of the overall propulsion system thrust, and a high
pressure (HP) spool that drives one or more compressors and produces additional thrust by
directing exhaust products in an aft direction. A triple spool gas turbine engine includes a
third, intermediate pressure (IP) spool.

[0003] Gas turbine engines also use the mechanical power of one or more spools to power
a number of different accessories such as generators, starter/generators, permanent magnet
alternators (PMA), fuel pumps, and hydraulic pumps, e.g., equipment for functions needed
on an aircraft other than propulsion. For example, contemporary aircraft need electrical
power for avionics, motors, and other electric equipment. A generator coupled with a gas
turbine engine will convert the mechanical power of the engine into electrical energy
needed to power accessories.

[0004] It is known to use constant speed generators and variable frequency generators
(VFG) for extracting power from the pressure spools of gas turbine engines. The voltage and
frequency of the synchronous, 3 phasc gencrator is a function of the spool speed when
directly driven by the spool. Since the speed of each spool may fluctuate during operation of
the engine, the voltage and frequency of the generated electricity may also fluctuate. These
electricity fluctuations create a problem for the electrical system of the aircraft, which
requires a constant voltage and frequency. Thus, to address this problem, a gear box is used,
wherein the gear box mechanically couples the spool to the generator, wherein the gear box
is configured to drive the generator at a constant speed that will output the desired voltage
and frequency, regardless of the spool speed. For example, a gearbox may be employed for

a HP spool wherein the gearbox ratio of speed input to speed output reduces the mechanical
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speed of the spool to within the desired operational speed of the generator. Typically, a
normal speed for a constant frequency generator (CFG) is a four pole machine at 12,000

RPMs to produce 400 Hz output for an aircraft system.
BRIEF DESCRIPTION OF THE INVENTION

[0005] In one aspect, a jet engine assembly includes a jet engine having at least one spool
and a generator., The generator further includes a synchronous electric motor comprising a
rotor and a stator, with the rotor being operably coupled to the at least one spool such that
speed of the rotor varies with the speed of the spool, and an clectronic commutator
controlling the rotation of a magnetic field of the rotor relative to the rotation of the rotor
such that the synchronous electric motor generates electricity at a predetermined frequency.
[0006] In another aspect, a method of gencrating clectricity having a predetermined
frequency from a generator having a stator and a rotor, which is rotated by a variable speed
engine, the method comprising controlling a rotation of a magnetic field of the rotor relative

to the rotation of the rotor to generate electricity at a predetermined frequency.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In the drawings:

[0008] FIG. 1 is a schematic cross-sectional diagram of a gas turbine engine for an aircraft in
accordance with an embodiment of the invention.

[0009] FIG. 2 is a cross-sectional diagram of a generator assembly for an aircraft in
accordance with an embodiment of the invention.

[0010] FIG. 3 is a schematic view of a generator assembly rotatable shaft in accordance with
an embodiment of the invention.

[0011] FIG. 4 is a partial sectional view taken along line 4-4 of FIG. 2, showing the main
machine rotor in accordance with an embodiment of the invention.

[0012] FIG. 5 is a schematic view of the main machine rotor, with the poles energized in the
first cycle of a sequence, in accordance with an embodiment of the invention.

[0013] FIG. 6 is a schematic view of the main machine rotor, with the poles energized in the
second cycle of a sequence, in accordance with an embodiment of the invention.

[0014] FIG. 7 is a schematic view of the main machine rotor, with the poles energized in the

third cycle of a sequence, in accordance with an embodiment of the invention.
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[0015] FIG. 8 is a schematic view of the main machine rotor, with the poles energized in the
fourth cycle of a sequence, in accordance with an embodiment of the invention.

[0016] FIG. 9 is a schematic view of the main machine rotor, with the poles energized in the
fifth cycle of a sequence, in accordance with an embodiment of the invention.

[0017] FIG. 10 is a schematic view of the main machine rotor, with the poles encrgized in
the sixth cycle of a sequence, in accordance with an embodiment of the invention.

[0018] FIG. 11 is a schematic view of the main machine rotor, with the poles energized in
the seventh cycle of a sequence, in accordance with an embodiment of the invention.

[0019] FIG. 12 is a schematic view of the main machine rotor, with the poles energized in

the eighth cycle of a sequence, in accordance with an embodiment of the invention.
DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0020] While the invention may be implemented in any environment using a generator for
generating electricity, it is currently contemplated to be implemented in a jet engine
environment, where the generator is typically referred to as an electric motor or electric
machine. Thus, a brietf summary of the contemplated environment should aid in a more
complete understanding. A gas turbine engine may be a turbofan engine, such as a General
Electric GEnx or CF6 series engine, commonly used in modern commercial and military
aviation or it could be a variety of other known gas turbine engines such as a turboprop or
turboshaft. The gas turbine engine may also have an afterburner that burns an additional
amount of fuel downstream of the low pressure turbine region to increase the velocity of the
exhausted gases, and thereby increasing thrust.

[0021] FIG. 1 is a schematic cross-sectional diagram of a gas turbine engine 10 for an
aircraft as an example of the environment where embodiments of the invention will prove
advantagcous. Engine 10 includes, in downstrcam scrial flow relationship, a fan section 12
including a fan 14, a booster or low pressure (LP) compressor 16, a high pressure (HP)
compressor 18, a combustion section 20, a HP turbine 22, and a LP turbine 24. A HP shaft
or spool 26 drivingly connects HP turbine 22 to HP compressor 18 and a LP shaft or spool 28
drivingly connects LP turbine 24 to LP compressor 16 and fan 14. HP turbine 22 includes an
HP turbine rotor 30 having turbine blades 32 mounted at a periphery of rotor 30.

[0022] The engine further comprises a synchronous generator assembly 34 mounted on or

within a gas turbine aircraft engine. The generator assembly 34 may be mounted on the
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outside of either the air intake region of the gas turbine engine containing the fan or on the
core near the high pressure compression region. At least one voltage output is provided on
the exterior of the generator assembly 34 to provide for the transfer of electrical power to and
from the generator 34. This power connection, as illustrated, is transmitted by an electrical
power cable 36 and may provide for at least one of alternating current, multi-phase, and
constant voltage output, with a ground reference from the generator assembly 34. The
generator assembly 34 may additionally generate electrical power at predetermined
frequency, such as a constant frequency or a variable frequency within predetermined limits.
One example of generated electricity comprises three-phase 115V AC at a predetermined
400Hz. Alternate generated phases, currents, and voltages are envisioned.

[0023] Referring to FIG. 2, the generator assembly 34 comprises a rotatable shaft 38,
synchronous main machine 40, four exciters 42, 44, 46, 48 and a permanent magnct
generator (PMG) 50. The rotatable shaft 38 is supported by spaced bearings 52. Each of the
main machine 40 and the PMG 50 has a respective rotor 54, 56, and a corresponding
respective stator 58, 60. The first exciter 42 has a first exciter rotor 62 and a corresponding
tirst exciter stator 64. The second exciter 44 has a second exciter rotor 66 and a
corresponding second exciter stator 68. The third exciter 46 has a third exciter rotor 70 and a
corresponding third exciter stator 72. The fourth exciter 48 has a fourth exciter rotor 74 and
a corresponding fourth exciter stator 76. The rotors 54, 56, 62, 66, 70, 74 are mounted to the
rotatable shaft 38 for rotation relative to the stators 58, 60, 64, 68, 72, 76 which are
rotationally fixed within the generator assembly 34. The stators 58, 60 64, 68, 72, 76 may be
mounted to any suitable part of housing portion of the generator assembly 34.

[0024] In the illustrated embodiment, the main machine 40 is located in the rear of the
generator assembly 34 and the PMG 50 is positioned in the front of the generator assembly
34. The exciters 42, 44, 46, 48 arc positioned in the gencrator assecmbly 34 between the main
machine 40 and the PMG 50. Other positions of the main machine 40, exciters 42, 44, 46,
48, and PMG 50 are envisioned and the patentable scope should not be limited by any single
embodiment. For example, alternate positioning is envisioned wherein exciters 42, 44, 46,
48 are located on both sides of the main machine 40.

[0025] FIG. 3 illustrates a schematic view of the generator assembly 34. The rotatable shaft
38 is coupled by mechanical coupling 78 with at least one spool of the engine 10, shown as

the HP spool 26. In this sense, the HP spool 26 provides a direct source of axial rotation



CA 02913526 2015-11-25

WO 2014/196975 PCT/US2013/044477

from the engine 10 such that the speed of the rotatable shaft 38, and thus the rotors 54, 56,
62, 66, 70, 74, vary with the speed of the HP spool 26.

[0026] The PMG rotor 56 is shown having a permanent magnet with at least two poles. The
PMG stator 60 is electromagnetically aligned with the PMG rotor 56 and comprises windings
arranged to provide for three phase output along leads L1, L2, L3 which are supplied to a
common supply line to the exciter stators 64, 68, 72, 76, via a common electronic
commutator 80. The PMG stator 60 further comprises a rotor speed sensor 94 configured to
provide a signal indicative of the rotational speed of the rotating shaft 38 to the electronic
commutator 80. The rotor speed sensor 94 is shown adjacent to the PMG rotor 56, and may
operate my sensing the change in polarity of the permanent magnet to generate a rotational
speed signal. Alternate sensors, such as tachometers, and methods of sensing rotational
speed are envisioned. Additionally, it is envisioned the rotor speed sensor 94 may be
integrated with the PMG rotor 56.

[0027] The first exciter stator 64 comprises a first exciter field winding 82 extending of the
electronic commutator 80 and electromagnetically aligned with the first exciter rotor 62. The
first exciter rotor 62 comprises windings arranged to provide for three phase output along
leads which, as illustrated, are supplied to a reverse-biased diode rectifier 84.

[0028] The second exciter stator 68 comprises a second exciter field winding 86 extending of
the electronic commutator 80 and electromagnetically aligned with the second exciter rotor
66. The second exciter rotor 66 comprises windings arranged to provide for three phase
output along leads which, as illustrated, are supplied to a forward-biased diode rectifier 88.
[0029] The third exciter stator 72 comprises a third exciter field winding 90 extending of the
electronic commutator 80 and electromagnetically aligned with the third exciter rotor 70.
The third exciter rotor 70 comprises windings arranged to provide for three phase output
along leads which, as illustrated, are supplicd to the reverse-biased diode rectifier 84.

[0030] The fourth exciter stator 76 comprises a fourth exciter field winding 92 extending of
the electronic commutator 80 and electromagnetically aligned with the fourth exciter rotor
74. The fourth exciter rotor 74 comprises windings arranged to provide for three phase
output along leads which, as illustrated, arc supplied to the reverse-biased diode rectifier 88.
[0031] The electronic commutator 80 is enabled to electronically switch current from the
leads L1, L2, L3 to one or more set of exciter field windings 82, 86, 90, 92 based on the rotor

speed sensor 94 signal.
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[0032] The main machine rotor 54 comprises a first, second, third, and fourth set of main
machine rotor field windings 100, 102, 104, 106 arranged about the rotor 54, which, when
energized, are configured to produce a magnetic field 108 on the rotor 54. As illustrated, the
first and second rotor field windings 100, 102 are electrically coupled with the respective
outputs of the second and first exciter rotors 66, 62. Additionally as illustrated, the third and
fourth rotor field windings 104, 106 are electrically coupled with the respective outputs of
the fourth and third exciter rotors 74, 70. Each set of rotor field windings 100, 102, 104, 106
is thus energizably dependent on the energizing of their respectively coupled exciter field
windings 86, 82, 92, 90. The main machine stator 58 has leads L7, L&, L9
electromagnetically aligned with the main machine rotor 54 and arranged so that each lead
L7, L&, 1.9 may transmit a single phase current to the electrical power cable 36.

[0033] FIG. 4 illustrates a schematic scctional view taken along line IV-1V of FIG. 1
illustrating the rotor with four pole pairs and the rotor’s direction of rotation 126. As shown,
the main machine rotor 54 comprises a first, second, third, fourth, fifth, sixth, seventh, and
eighth pole 110, 112, 114, 116, 118, 120, 122, 124, radially spaced and aligned about the
rotatable shaft 38. One example of how the poles 110, 112, 114, 116, 118, 120, 122, 124
may be configured to electrically couple with the first, second, third, and fourth rotor field
windings 100, 102, 104, 106 as follows: the first rotor field winding 100 is wound about
with the first, third, fifth, and seventh poles 110, 114, 118, 122 such that the first and fifth
poles 110, 118are always magnetically opposing the third and seventh poles 114, 122; the
second rotor field winding is wound about the same magnetically opposing poles 110, 114,
118, 122 as the first rotor field winding 100, but in the opposite direction; the third rotor field
winding 104 is wound about the second, fourth, sixth, and eighth poles 112, 116, 120, 124
such that the second and sixth poles 112, 120 are always magnetically opposing the fourth
and ecighth poles 116, 124; and the fourth rotor field winding 106 is wound about the same
magnetically opposing poles 112, 116, 120, 124 as the third rotor field winding 104, but in
the opposite direction.

[0034] The commutation of the main machine 40 may be controlled by the energizing of the
exciters 42, 44, 46, 48 to control the direction and speed of the magnetic field 108 relative to
the axis of rotation. In this manner, the magnetic field 108 may be rotated faster or slower as
desired relative to the rotational speed of the rotatable shaft 38. To effect this commutation,

an energizing of the first exciter field winding 82 generates a resulting three-phase output on
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the first exciter rotor 62 which is rectified by the reverse-biased rectifier and transmitted to
the first, third, fifth, and seventh poles 110, 114, 118, 122 such that the first and fifth poles
110, 118 are magnetically north and the third and seventh poles 114, 122 are magnetically
south. Additionally, energizing the second exciter field winding 86 generates a resulting
three-phase output on the second exciter rotor 66 which is rectified by the forward-biased
rectifier and transmitted to the first, third, fifth, and seventh poles 110, 114, 118, 122 such
that the first and fifth poles 110, 118 are magnetically south and the third and seventh poles
114, 122 are magnetically north. Energizing the third exciter field winding 90 generates a
resulting three-phase output on the third exciter rotor 70 which is rectified by the reverse-
biased rectifier and transmitted to the second, fourth, sixth, and eighth poles 112, 116, 120,
124 such that the second and sixth poles 112, 120 are magnetically north and the fourth and
cighth poles 116, 124 arc magnctically south. Encrgizing the fourth cxciter ficld winding 92
generates a resulting three-phase output on the fourth exciter rotor 74 which is rectified by
the forward-biased rectifier and transmitted to the second, fourth, sixth, and eighth poles 112,
116, 120, 124 such that the second and sixth poles 112, 120 are magnetically south and the
tourth and eighth poles 116, 124 are magnetically north.

[0035] The electronic commutator 80 selectively energizes the first, second, third, and fourth
exciter field windings 82, 86, 90, 92 to operably control the magnetic direction of the poles
110, 112,114, 116, 118, 120, 122, 124, and thus, the magnetic field 108 of the main machine
rotor 54. By alternating the energized exciter field windings 82, 86, 90, 92 in a particular
sequence of energizing, the electronic commutator 80 can effectively rotate the magnetic
field 108 relative the main machine rotor 54, independent of the rotor’s 54 direction of
rotation 126. For example, in an eight cycle switching operation, the electronic commutator
80 can rotate a magnetic field 108 counter-clockwise (CCW), opposing the rotor’s clockwise
(CW) direction of rotation 126, as illustrated by FIG. 4, by using the following sequence:
energizing the first exciter field winding 82 (as shown in FIG. 5); energizing the first and
third exciter field windings 82, 90 (as shown in FIG. 6); energizing the third exciter field
winding 90 (as shown in FIG. 7); energizing the second and third exciter field windings 86,
90 (as shown in FIG. 8); energizing the second exciter ficld winding 86 (as shown in FIG. 9);
energizing the second and fourth exciter field windings 86, 92 (as shown in FIG. 10);
energizing the fourth exciter field winding 92 (as shown in FIG. 11); energizing the first and

fourth exciter field windings 82, 92 (as shown in FIG. 12). When two exciter field windings
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are energized at the same time, for instance, producing two magnetically north poles next to
each other, the “effective north” (illustrated in FIGS. 5-12 as dotted arrows) of the main
machine rotor 54 will be angularly between the two north poles.

[0036] Since the first and second exciter fields 82, 86 are oppositely wound about the same
poles 110, 114, 118, 122, the electronic commutator will never energize these two field
windings 82, 86 simultaneously. Similarly, since the third and fourth field windings 90, 92
are oppositely wound about the same poles 112, 116, 120, 124, the electronic commutator
will never energize these two field windings 90, 92 simultaneously. Additionally, while the
above example sequence rotates the magnetic field 108 of the main machine rotor 54 CCW, a
plurality of alternate sequences are envisioned which, for example, rotate the magnetic field
108 CW, or eliminate the energizing of one or more exciter field windings 82, 86, 90, 92
during a scquence. Furthermore, the clectric commutator 80 is configured to change from
one sequence to another sequence during operation of the generator assembly 34 without
interrupting generator 34 operation and without breaking the output power supply of the
generator 34. The electric commutator 80 is also able to dynamically increase or decrease
the speed of the operation of the sequence, or change the direction of sequencing, as needed.
[0037] In operation, with the gas turbine engine 10 running, the HP turbine 22 rotates the HP
spool 26. The rotating HP spool 26 transmits mechanical power from the HP spool 26 to the
rotatable shaft 38 of the generator assembly 34. The rotating PMG rotor 56 generates a three
phase output in the leads L1, 1.2, L3 of PMG stator 60, supplying power to the electronic
commutator 80. The electronic commutator 80 receives a rotor speed signal from the rotor
speed sensor 94 and selectively energizes the first, second, third, and fourth exciter field
windings 82, 86, 90, 92 in response to the rotor speed signal.

[0038] The rotation of the exciter rotors 62, 64, 66, 68 generates a three phase power, which
is converted to DC power by the rectifiers 84, 88. The DC power is supplied to the rotor
field windings 100, 102, 104, 106. The main machine rotor 54 rotates relative to the main
machine stator 58, generating three phase power output at leads L7, L8, L9 to supply
electrical power cable 36, and thus to the aircraft. Depending on the type of electrical loads
drawing power, the power generated by the generator assembly 34 may undergo further
processing before being used by the loads.

[0039] The electronic commutator’s 80 selective energizing of the exciter field windings 82,

86, 90, 92 generates output electricity at a predetermined frequency independent of the speed
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of the rotatable shaft 38. For instance, if a rotatable shaft 38 is rotating in a CW direction, at
a rotational speed above the operable speed needed to generate the desired power frequency,
the electronic commutator 80 senses the rotor speed, using the rotor speed sensor 94, and
sequences the magnetic field 108 of the main machine rotor 54, via the exciter field windings
82, 86, 90, 92, in a CCW direction, at a rotational speed calculated to decrease the rotating
magnetic field 108 to the operable speed, relative to the main machine stator 58. Stated
another way, the rotational speed of the magnetic field 108 reduces the rotational speed of the
main machine rotor 54 to bring the “effective” rotation of the magnetic field 108 to the
operable speed needed to generate the desired power, relative to the main machine stator 58.
[0040] In this embodiment, or alternate embodiments, the electronic commutator 30 may
also control the rotation of the magnetic field 108 to account for a rotatable shaft 38 that is
rotating at a variable speed below the operable speed needed to generate the desired, constant
power frequency. For instance, the electronic commutator 8) may compensate for a rotatable
shaft 38 rotating too slowly in a CW direction by sensing the rotor speed, using the rotor
speed sensor 94, and sequences the magnetic field 108 of the main machine rotor 54 in a CW
direction, at a rotational speed calculated to increase the effective rotating magnetic field 108
to the operable speed, relative to the main machine stator 58. Stated another way, the
rotational speed of the magnetic field 108 increases the rotational speed of the main machine
rotor 54 to bring the “effective” rotation of the magnetic field 108 to the operable speed
needed to generate the desired power, relative to the main machine stator 58.

[0041] Additionally, it is envisioned that the electronic commutator 80 may change the
direction of sequencing, as needed, to produce a constant effective rotation of the magnetic
field 108. The operation of the electronic commutator 80 may also control the rotational
speed of the magnetic field 108 of the main machine rotor 54 to maintain a constant or
predetermined difference in the relative speed between the rotational speeds of the magnetic
field 108 and the main machine rotor 54. Thus the power generated by the generator
assembly 34 remains constant regardless of the speed of the engine 10 operation.

[0042] Many other possible embodiments and configurations in addition to that shown in the
above figures are contemplated by the present disclosure. For example, although the
generator assembly 34 is shown directly coupled with the HP spool 26, it is envisioned that
any generator/spool combination may function similarly, e.g., the generator assembly 34 may

be coupled with the LP spool 28, and so on. Moreover, multiple generator assemblies 34
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could also be implemented on an engine 10 having more than one generator or more than two
spools, such as a 3-spool/3-generator engine having an intermediate pressure spool in
addition to the HP and LP spools 26, 28. In these alternate spool embodiments, the variable
speed of the spool in a variable speed engine may be able to generate a constant power
output.

[0043] Alternatively, embodiments of the current invention may additionally include the use
of an intermediary speed exchanger between the spool and mechanical coupling 78 to the
rotatable shaft 38. For instance, an accessory gearbox or constant speed device may have an
input mechanically coupled to the LP spool 28 and an output mechanically coupled to the
rotatable shaft 38, wherein the accessory gearbox alters the source of axial rotational speed.
The intermediary speed exchanger may be coupled between any of the above mentioned
spools, and may increase, decrease, or make constant the source of axial rotational speed,
which will be acted on by the electronic commutator 80, as described. Within the
intermediary speed exchanger, rotational power may also be transferred to other engine
accessories.

[0044] Furthermore, the generator assemblies 34 do not need to reside within the same
engine 10. For example, three generator assemblies 34 may be coupled to HP or LP spools
26, 28 in two different engines 10.

[0045] The embodiments disclosed herein provide a PMG RAT system with inside out
construction. One advantage that may be realized in the above embodiments is that
commonly-designed generators that are readily available for extracting power from any
available spools of the jet engine, thereby saving significant cost in separate development and
sourcing for generators that extract power from individual operating spools. Additionally,
when designing aircraft power generation components, important factors to address are
reliability under multiple operating conditions. The above embodiments are able to provide
no-break power generation regardless of the operating speeds of the mechanical spools they
are driven by. Furthermore, the above described generation assembly has a decreased
number of parts as the system because intermediary speed exchange devices are not required,
and thus, the embodiments will be able to provide regulated power output with minimal
power conversion equipment, making the complete system inherently more reliable. This
results in a lower weight, smaller sized, increased performance, and increased reliability

system. The lower number of parts and reduced maintenance will lead to a lower product

10



265301

costs and lower operating costs. Reduced weight and size correlate to competitive
advantages during flight.

[0046] This written description uses examples to disclose the invention, including the
best mode, and also 1o enable any person skilled in the art to practice the invention,
including making and using any devices or systems and performing any incorporated
methods. The patentable scope of the invention may include other examples that occur to
those skilled in the art in view of the description. Such other examples are intended to be

within the scope of the invention.

11
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WHAT IS CLAIMED IS:

1. A jet engine assembly comprising:
a jet engine having at least one spool;
a generator comprising:

a synchronous electric motor comprising a rotor and a stator, with the
rotor being operably coupled to the at least one spool such that the speed of the rotor
varies with the speed of the spool; and

an electronic commutator controlling the rotation of a magnetic field
of the rotor relative to the rotation of the rotor such that the synchronous electric motor
generates electricity at a predetermined frequency by switching currents to a plurality
of sets of exciter field windings to control rotation speed of a magnetic field generated

by the plurality of sets of exciter field windings.

2. The jet engine assembly of claim 1 wherein the predetermined

frequency comprises a constant frequency.

3. The jet engine assembly of claim 2 wherein the generated electricity
comprises at least one of alternating current, multi-phase, constant voltage, and three-

phase 115VAC at 400Hz.

4. The jet engine assembly of claim 1 further comprising at least one of
an accessory gearbox directly coupling the rotor to the at least one spool, and the rotor

operably coupled to the at least one spool without a constant speed device.

5. The jet engine assembly of claim 1 wherein the at least one spool

comprises at least one of a low pressure spool and a high pressure spool.

6. The jet engine assembly of claim | further comprising a first speed
sensor providing a rotor speed signal indicative of the rotational speed of the rotor, with

the rotor speed signal being provided as input to the electronic commutator.

7. The jet engine assembly of claim 6 wherein the generator further

comprises a permanent magnet generator (PMG) having a PMG stator and a PMG rotor,

CA 2913526 2019-07-19
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which rotates with the rotor of the synchronous motor, and the PMG rotor comprises

the first speed sensor.

8. The jet engine assembly of claim 7 wherein the generator further
comprises an exciter having an exciter stator and an exciter rotor, which rotates with

the rotor of the synchronous motor.

9. The jet engine assembly of claim | wherein controlling the rotation
of the magnetic field comprises controlling at least one of a rotational direction and a
rotational speed such that the difference in the rotation of the magnetic field and the

rotation of the rotor is constant.

10. A method of generating electricity having a predetermined frequency
from a generator having a stator and a rotor, which is rotated by a variable speed engine,
the method comprising controlling a rotation of a magnetic field of the rotor relative to
the rotation of the rotor to generate electricity at a predetermined frequency by
switching currents to a plurality of sets of exciter field windings to control rotation

speed of a magnetic field generated by the plurality of sets exciter field windings.

11.  The method of claim 10 wherein the predetermined frequency

comprises a constant frequency.

12, The method of claim 11 wherein controlling the rotation of the
magnetic field comprises controlling at least one of the rotational speed and rotational

direction of the magnetic field.

13.  The method of claim 12 whercin controlling the rotation of the
magnetic field comprises at least one of controlling the rotational speed of the magnetic
field to maintain a constant difference in the relative speed between the rotational
speeds of the magnetic field and the rotor, and controlling the rotational speed of the
magnetic field relative to the rotational speed of the rotor to maintain a predetermined

difference.

14, The method of claim 13 wherein the predetermined difference is

constant.

CA 2913526 2019-07-19
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15.  The method of claim 10 wherein the generated electricity comprises
at least one of alternating current, multi-phase, constant voltage, and three-phase 115

VAC at 400Hz.

14
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