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(54) HYBRID PROPULSION SYSTEM AND CONTROL METHOD THEREOF

(57) A system is described that includes a turbine
engine including an engine fan including one or more
variable-pitch blades driven by a shaft, which rotates at
a rotational speed which depends on a pitch of the one
or more variable-pitch blades of the engine fan. The sys-
tem further includes a generator configured to produce
alternating-current (AC) electricity at a particular frequen-
cy relative to the rotational speed of the shaft. The system
also includes a propulsor, which includes a propulsor mo-
tor and a propulsor fan. The propulsor motor is configured
to drive, based on the AC electricity produced by the gen-
erator, the propulsor fan. The system includes a control-
ler configured to control the particular frequency of the
AC electricity by at least controlling the pitch of the one
or more variable-pitch blades of the engine fan and there-
by the rotational speed of the generator.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to distributed propulsion
systems.

BACKGROUND

[0002] A turbine engine is a type of combustion system
that may be used to power a system such as an aircraft,
other moving vehicles, or an electric generator. The tur-
bine engine may be configured to rotate a shaft. The tur-
bine engine may be configured to rotate the shaft to drive
an electric generator that is configured to produce elec-
tricity based on the rotation of the shaft. An electrical bus
may deliver the electricity produced by the generator to
a motor, such as a propulsor motor that drives a fan used
for propulsion.

SUMMARY

[0003] In some examples, the disclosure describes a
system that includes a turbine engine including an engine
fan including one or more variable-pitch blades driven by
a shaft which rotates at a rotational speed which depends
on a pitch of the one or more variable-pitch blades. The
system further includes a generator configured to pro-
duce alternating-current (AC) electricity at a particular
frequency relative to the rotational speed of the shaft.
The system further includes a propulsor which includes
a propulsor motor and a propulsor fan. The propulsor
motor is configured to drive the propulsor fan, based on
the AC electricity produced by the generator. The system
includes a controller configured to control the particular
frequency of the AC electricity by at least controlling the
pitch of the one or more variable-pitch blades of the en-
gine fan and thereby the rotational speed of the genera-
tor.
[0004] In some examples, the disclosure describes a
method for generating propulsion, the method including
determining a propulsion for a propulsion fan driven by
a propulsor motor based on a particular frequency of al-
ternating-current (AC) electricity; determining a pitch of
one or more variable-pitch blades of an engine fan of a
turbine engine to cause a shaft of the turbine engine to
rotate at a rotational speed to cause a generator to pro-
duce the particular frequency of AC electricity; and con-
trolling the pitch of the one or more variable-pitch blades
to cause the generator to produce the AC electricity at
the particular frequency and the propulsor motor to drive
the propulsor fan to generate the propulsion based on
the AC electricity.
[0005] In some examples, the disclosure describes a
system including a first turbine engine including a first
engine fan including one or more variable-pitch blades
driven by a first shaft which rotates at a speed which
depends on a pitch of the one or more variable-pitch

blades of the first engine fan. The system also includes
a first generator configured to produce, based on a rota-
tion of the first shaft, first alternating-current (AC) elec-
tricity at a first frequency relative to the rotational speed
of the first shaft. The system further includes a second
turbine engine including a second engine fan including
one or more variable-pitch blades driven by a second
shaft which rotates at a speed which depends on a pitch
of the one or more variable-pitch blades of the second
engine fan. The system may also include a second gen-
erator configured to produce second alternating-current
(AC) electricity at a second frequency relative to the ro-
tational speed of the second shaft. The system further
includes a propulsor including a propulsor fan and a pro-
pulsor motor configured to drive the propulsor fan, selec-
tively based on the first AC electricity produced by the
first generator or the second AC electricity produced by
the second generator.
[0006] The details of one or more examples are set
forth in the accompanying drawings and the description
below. Other features, objects, and advantages will be
apparent from the description and drawings, and from
the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0007]

FIG. 1 is a conceptual block diagram illustrating a
synchronous alternating-current (AC) electrical sys-
tem including a variable-pitch turbine engine and a
propulsor motor that drives a propulsor fan based on
the AC electricity produced by a generator connect-
ed to the turbine engine, in accordance with one or
more techniques of this disclosure.
FIG. 2 is a conceptual block diagram illustrating a
synchronous AC electrical system including two var-
iable-pitch turbine engines, two generators, two pro-
pulsors, and a reconfiguration element configured to
selectively transmit AC electricity from the two gen-
erators to two propulsor motors, in accordance with
one or more techniques of this disclosure.
FIG. 3 is a drawing illustrating two turbine engines,
two generators, a propulsor system, and a reconfig-
uration element, in accordance with one or more
techniques of this disclosure.
FIGS. 4A-4G are diagrams illustrating reconfigura-
tion elements configured to selectively transmit AC
electricity from two generators to two propulsors, in
accordance with one or more techniques of this dis-
closure.
FIGS. 5A-5C are diagrams illustrating reconfigura-
tion elements configured to selectively transmit AC
electricity from two generators to two propulsors, in
accordance with one or more techniques of this dis-
closure.
FIGS. 6-8 are conceptual block diagrams illustrating
engine core speed control loops with combinations
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of fixed and variable pitch engine fans and propulsor
fans, in accordance with one or more techniques of
this disclosure.
FIGS. 9-11 are conceptual block diagrams illustrat-
ing engine low-pressure speed control loops with
combinations of fixed and variable pitch engine fans
and propulsor fans, in accordance with one or more
techniques of this disclosure.
FIG. 12 is a flowchart illustrating an example process
implemented by a system including a variable-pitch
turbine engine, in accordance with one or more tech-
niques of this disclosure.

DETAILED DESCRIPTION

[0008] In general, this disclosure describes techniques
for implementing an example synchronous alternating-
current (AC) electrical system that includes a turbine en-
gine with a variable-pitch engine fan and is configured to
adjust the pitch of the variable-pitch blades to (at least
partially) control the rotational speed of a shaft of the
turbine engine. A generator of the example system is
coupled to the shaft and produces AC electricity that has
a frequency that is based on the rotational speed of the
shaft. The example system includes a propulsor motor
that drives a propulsor fan based on the AC electricity
produced by the generator and the example system may
control the rotational speed of the shaft and the amount
of propulsion generated by the propulsor fan by adjusting
the by adjusting the pitch of the variable-pitch blades. In
other words, by adjusting the pitch of the variable-pitch
blades of the engine fan, the example system may control
the frequency of the AC electricity that is driving the pro-
pulsor fan to affect the rotational speed of the propulsor
fan and thereby the amount of propulsion produced. In
this way, the amount of propulsion generated by the pro-
pulsor fan may be based on the frequency of the AC
electricity produced by the generator, which may be
based on the pitch of the variable-pitch blades of the en-
gine fan.
[0009] FIG. 1 is a conceptual block diagram illustrating
a synchronous alternating-current (AC) electrical system
2 including a variable-pitch turbine engine 4 and a pro-
pulsor motor 16 that drives a propulsor fan 18 based on
the AC electricity 14 produced by a generator 12 con-
nected to the turbine engine 4, in accordance with one
or more techniques of this disclosure. Synchronous AC
electrical system 2 may be configured to deliver AC elec-
tricity 14 to propulsor 15, where propulsor motor 16 may
drive propulsor fan 18. The propulsion created by pro-
pulsor fan 18 may be used in a variety of ways or for a
variety of systems and applications (e.g., aircraft, loco-
motives, watercraft, power plants, electric generators,
and any or all other systems and applications that rely
on mechanical energy from a turbine engine to perform
work).
[0010] Turbine engine 4 is configured to rotate shaft
10. Turbine engine 4 may include engine fan 7 with var-

iable-pitch blades 8A-8N, at least a portion of shaft 10,
and additional components necessary to rotate shaft 10
that are not shown in FIG. 1. In some examples, turbine
engine 4 may include generator 12, and generator 12
may be positioned inside of turbine engine 4. In other
examples, generator 12 may be separate from turbine
engine 4 and generator 4 may be positioned outside of
turbine engine 4. Turbine engine 4 may be a gas turbine
engine, a nuclear turbine engine, a steam turbine engine,
or any other suitable turbine engine.
[0011] Variable-pitch blades 8A-8N of engine fan 7 are
configured to rotate based on the fluid passing through
turbine engine 4 and further configured to cause shaft 10
to rotate based on the movement of fluid through turbine
engine 4. Engine fan 7 may be mechanically connected
to shaft 10, and shaft 10 of turbine engine 4 may drive
engine fan 7 and generator 12. Variable-pitch blades 8A-
8N may include an adjustable pitch mechanism such that
a pitch of variable-pitch blades 8A-8N determines the
speed of rotation of shaft 10. A decrease of the pitch of
variable-pitch blades 8A-8N may cause shaft 10 to rotate
faster, while an increase of the pitch of variable-pitch
blades 8A-8N may cause shaft 10 to rotate slower. For
example, a flat pitch on variable-pitch blades 8A-8N may
cause shaft 10 to rotate at a high speed for a fixed-power
fan.
[0012] Shaft 10 is configured to rotate based on me-
chanical energy from turbine engine 4 and is further con-
figured to rotate based on the pitch of variable-pitch
blades 8A-8N. In other words, shaft 10 may rotate at a
rotational speed, which depends on a pitch of variable-
pitch blades 8A-8N. Shaft 10 may be connected to gen-
erator 12 such that shaft 10 drives a rotor in generator
12. Shaft 10 may include a low-pressure (LP) shaft, a
high-pressure (HP) shaft, or an auxiliary shaft that is driv-
en by the LP shaft or the HP shaft. The core power of
turbine engine 4 may drive the rotation of shaft 10.
[0013] Generator 12 is configured to convert mechan-
ical power derived from shaft 10 to electrical power for
use by other components or circuits. Generator 12 may
be an AC generator such as an induction generator. Gen-
erator 12 may be configured to produce AC electricity 14
at a particular frequency based on a rotation of shaft 10.
In other words, the particular frequency of AC electricity
14 may be relative to the rotational speed of shaft 10 and
based on the speed of engine fan 7. Generator 12 may
include a wound field machine, a Halbach array gener-
ator with permanent magnets on a rotor that is driven by
shaft 10, or any other type of generator. In some exam-
ples, generator 12 may be integrated into turbine engine
4 and driven by an LP shaft.
[0014] Propulsor 15 includes propulsor motor 16 and
propulsor fan 18. Propulsor motor 16 is configured to
drive propulsor fan 18 based on AC electricity 14 pro-
duced by generator 12. Synchronous AC electrical sys-
tem 2 may transmit AC electricity 14 from generator 12
to propulsor motor 16. AC electricity 14 may have a single
phase or multiple phases, such as three-phase AC elec-
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tricity. Propulsor motor 16 may be configured to convert
electrical energy to mechanical energy to drive propulsor
fan 18. The terms "electrical power" and "mechanical
power" may refer to rates of consuming or generating
electrical energy or mechanical energy.
[0015] Propulsor fan 18 is configured to be driven by
propulsor motor 16 to generate propulsion based on the
mechanical power produced by propulsor motor 16. Pro-
pulsor fan 18 may be remote from turbine engine 4. For
example, propulsor fan 18 may be positioned on a wing
of an aircraft whereas turbine engine 4 may be positioned
at or near a fuselage of the aircraft. Propulsor fan 18 may
include a boundary layer ingestion (BLI) fan configured
to activate the boundary layer of a vehicle. Propulsor fan
18 may include a partially distributed propulsion system,
a wing-embedded fan, a blown-wing fan, a wing-tip fan,
a surface-mounted BLI fan, and/or any other suitable fan
and/or propulsor.
[0016] Controller 20 is configured to control the pitch
of variable-pitch blades 8A-8N of turbine engine 4 by
sending a command to a variable-pitch unit (not shown
in FIG. 1). The variable-pitch unit may be configured to
adjust the pitch of variable-pitch blades 8A-8N based on
the command from controller 20. Controller 20 may mon-
itor the particular frequency of AC electricity 14, and con-
troller 20 may be configured to control the particular fre-
quency of AC electricity 14 by controlling the pitch of var-
iable-pitch blades 8A-8N. Controller 20 may be config-
ured to control the propulsion generated by propulsor fan
18 by controlling the pitch of variable-pitch blades 8A-
8N. Controller 20 may also control the rotational speed
of generator 12 by controlling the pitch of variable-pitch
blades 8A-8N. In some examples, propulsor fan 18 may
include one or more variable-pitch blades, and controller
20 may be configured to control the propulsion generated
by propulsor fan 18 by controlling the pitch of the one or
more variable-pitch blades of propulsor fan 18.
[0017] Controller 20 may include any suitable arrange-
ment of hardware, software, firmware, or any combina-
tion thereof, to perform the techniques attributed to con-
troller 20 herein. Examples of controller 20 include any
one or more microprocessors, digital signal processors
(DSPs), application specific integrated circuits (ASICs),
field programmable gate arrays (FPGAs), or any other
equivalent integrated or discrete logic circuitry, as well
as any combinations of such components. When control-
ler 20 includes software or firmware, controller 20 further
includes any necessary hardware for storing and execut-
ing the software or firmware, such as one or more proc-
essors or processing units.
[0018] In general, a processing unit may include one
or more microprocessors, DSPs, ASICs, FPGAs, or any
other equivalent integrated or discrete logic circuitry, as
well as any combinations of such components. Although
not shown in FIG. 1, controller 20 may include a memory
configured to store data. The memory may include any
volatile or nonvolatile media, such as a random access
memory (RAM), read only memory (ROM), nonvolatile

RAM (NVRAM), electrically erasable programmable
ROM (EEPROM), flash memory, and the like. In some
examples, the memory may be external to controller 20
(e.g., may be external to a package in which controller
20 is housed).
[0019] Although controller 20 is generally described as
being the primary unit for controlling each of the compo-
nents of synchronous AC electrical system 2 for perform-
ing the techniques described herein, in some examples,
the individual components of synchronous AC electrical
system 2 may include additional functionality for perform-
ing some or all of the operations described below with
respect to controller 20. For example, a combination of
one or more of turbine engine 4, generator 12, propulsor
motor 16, and propulsor fan 18 may include components
for controlling the generation, transmission, and use of
AC electricity in synchronous AC electrical system 2.
[0020] In accordance with the techniques of this dis-
closure, propulsor motor 16 may drive propulsor fan 18
based on AC electricity 14 produced by generator 12.
The particular frequency of AC electricity 14 may be
based on the rotation of shaft 10. The speed of the rota-
tion of shaft 10 may be based on the pitch of variable-
pitch blades 8A-8N. Synchronous AC electrical system
2 may control the amount of propulsion generated by
propulsor fan 18 by controlling the pitch of variable-pitch
blades 8A-8N and by throttling turbine engine 4. The pro-
pulsion generated by propulsor fan 18 may be independ-
ent of the thrust produced by turbine engine 4. In some
examples, the ratio of the rotational speed rotational
speed of propulsor fan 18 and the rotational speed of
shaft 10 may be a constant value.
[0021] As compared to a non-synchronous electrical
system, synchronous AC electrical system 2 may include
fewer or no power electronics conversion circuits. By re-
ducing or eliminating power electronics, the synchronous
AC electrical system may have reduced weight, cost, and
maintenance. Synchronous AC electrical system 2 may
include additional benefits such as relative simplicity of
controlling the particular frequency of AC electricity 14
and relative simplicity of controlling the propulsion gen-
erated by propulsor fan 18. A non-synchronous electrical
system may control the frequency of AC electricity pro-
duced by a generator by throttling the speed of a turbine
engine and/or through an AC/AC power converter elec-
trically connected to a generator. Controller 20 may con-
trol the particular frequency of AC electricity 14 by con-
trolling the pitch of variable-pitch blades 8A-8N.
[0022] A non-synchronous electrical system may con-
trol the propulsion generated by a propulsor by throttling
the speed of a turbine engine, through a power converter
electrically connected to a generator, and/or through a
power converter electrically connected to a propulsor mo-
tor configured to drive the propulsor fan. Controller 20
may control the propulsion generated by Propulsor fan
18 by controlling the pitch of variable-pitch blades 8A-8N.
[0023] FIG. 2 is a conceptual block diagram illustrating
a synchronous AC electrical system 30 including two tur-
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bine engines 34A, 34B with variable-pitch engine fans
36A, 36B, two generators 42A, 42B, two propulsors 43A,
43B, and a reconfiguration element 48 configured to se-
lectively transmit AC electricity from the two generators
to two propulsor motors 44A, 44B, in accordance with
one or more techniques of this disclosure. Through
reconfiguration element 48, synchronous AC electrical
system 30 may be configured to selectively deliver elec-
trical power to one or both of propulsor motors 44A, 44B,
where propulsor motor 44A may drive propulsor fan 46A
and propulsor motor 44B may drive propulsor fan 46B.
[0024] Reconfiguration element 48 is configured to se-
lectively transmit AC electricity produced by generator
42A to zero, one, or both of propulsor motors 44A, 44B.
Reconfiguration element 48 is also configured to selec-
tively transmit AC electricity produced by generator 42B
to zero, one, or both of propulsor motors 44A, 44B.
Reconfiguration element 48 may include one or more
switches, such as metal-oxide semiconductor field-effect
transistors (MOSFETs), insulated-gate bipolar transis-
tors (IGBTs), mechanical interrupters, and/or any other
suitable switches.
[0025] Controller 50 is configured to control the pitch
of variable-pitch blades 38 of engine fan 36A and the
pitch of variable-pitch blades 39 of engine fan 36B. Con-
troller 50 may determine the pitch of variable-pitch blades
38 and/or the pitch of variable-pitch blades 39 to cause
one or both of shafts 40A, 40B to rotate at a rotational
speed to cause one or both of generators 42A, 42B to
produce AC electricity at desired frequency. Controller
50 may be configured to selectively cause reconfigura-
tion element 48 to transmit the AC electricity produced
by generator 42A to zero, one, or both of propulsor motors
44A, 44B. Controller 50 may be configured to selectively
cause reconfiguration element 48 to transmit the AC elec-
tricity produced by generator 42B to zero, one, or both
of propulsor motors 44A, 44B.
[0026] In some examples, one or both of propulsor fans
46A, 46B may include variable-pitch blades. Controller
50 may be configured to adjust the pitch of the variable-
pitch blades of propulsor fan 46A and/or the pitch of the
variable-pitch blades of propulsor fan 46B. By adjusting
the pitch of the variable-pitch blades of one or both of
propulsor fans 46A, 46B, controller 50 may control the
amount of propulsion generated by propulsor fans 46A,
46B.
[0027] FIG. 3 is a drawing illustrating two turbine en-
gines 64A, 64B, two generators 72A, 72B, propulsor sys-
tem 82, and a reconfiguration element 78, in accordance
with one or more techniques of this disclosure. Turbine
engine 64A may include variable-pitch unit 66A for con-
trolling the pitch of variable-pitch blades 68A, 68B. Var-
iable-pitch unit 66A may include a gearbox that is me-
chanically coupled to variable-pitch blades 68A, 68B.
[0028] Shaft 70A may be configured to rotate based
on the power provided by the core to the LP turbine as
well as the pitch of variable-pitch blades 68A, 68B. Gen-
erator 72A may be configured to produce a first AC elec-

tricity at a first frequency based on the rotational speed
of shaft 70A. Electrical bus 62A may be configured to
transmit the first AC electricity produced by generator
72A to reconfiguration element 78. In a similar manner,
turbine engine 64B may include may include variable-
pitch unit 66B for controlling the pitch of variable-pitch
blades 69A, 69B. Generator 72B may be configured to
produce a second AC electricity at a second frequency
based on the rotational speed of shaft 70B, which may
be based on the pitch of variable-pitch blades 69A, 69B.
Electrical bus 62B may be configured to transmit the sec-
ond AC electricity produced by generator 72B to recon-
figuration element 78.
[0029] Reconfiguration element 78 may be configured
to selectively transmit the first AC electricity and the first
AC electricity produced by generator 72A to zero, one,
or both of propulsor motors 74A, 74B. Reconfiguration
element 78 may also be configured to selectively transmit
the second AC electricity produced by generator 72B to
zero, one, or both of propulsor motors 74A, 74B. Recon-
figuration element 78 may include one or more switches
for directing the first AC electricity and the second AC
electricity to propulsor system 82.
[0030] Propulsor system 82 may include propulsor
fans 76A, 76B, each of which may include two or more
blades. In some examples, the blades of propulsor fans
76A, 76B may include variable-pitch blades. Propulsor
system 82 may include may include variable-pitch units
84A, 84B for controlling the pitch of the variable-pitch
blades of propulsor fans 76A, 76B. Each of variable-pitch
units 84A, 84B may include a gearbox that is mechani-
cally coupled to the variable-pitch blades of propulsor
fans 76A, 76B. If propulsor fans 76A, 76B include varia-
ble-pitch blades, a controller of synchronous AC electri-
cal system 60 may have increased independence in con-
trolling the thrust provided by the propulsor fans 76A,
76B. Variable-pitch blades may also enhance the ability
of windmill resynchronization of propulsor fans 76A, 76B.
[0031] Propulsor system 82 may include a two-stage
fan system, where each of propulsor fans 76A, 76B are
a fan stage of propulsor system 82. Reconfiguration el-
ement 78 may deliver the first AC electricity to one of
propulsor motors 74A, 74B and the second AC electricity
to the other of propulsor motors 74A, 74B. Thus, syn-
chronous AC electrical system 60 may not phase lock
the first AC electricity and the second electricity. The
speeds of turbine engines 64A, 64B may be managed
independently by a controller of synchronous AC electri-
cal system 60, where each of turbine engines 64A, 64B
drives a separate propulsor of propulsor fans 76A, 76B.
[0032] In some examples, propulsor system 82 may
include a counter-rotating airfoil rimmed fan system. If
propulsor fans 76A, 76B include BLI fans, a counter-ro-
tating airfoil rimmed fans may allow a relatively large
stream tube to be captured by each of propulsor fans
76A, 76B. If propulsor fans 76A, 76B capture a large
stream tube of fluid, propulsor fans 76A, 76B may have
greater impact on the boundary layer.
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[0033] Controller 80 may be configured to control the
pitch of variable-pitch blades 68A, 68B of turbine engine
64A by sending a command to variable-pitch unit 66A.
Controller 80 may be configured to control the pitch of
variable-pitch blades 69A, 69B of turbine engine 64B by
sending a command to variable-pitch unit 66B. Variable-
pitch unit 66A, 66B may be configured to adjust the pitch
of variable-pitch blades 68A, 68B, 69A, 69B based on
the command from controller 80. Controller 80 may mon-
itor the frequencies of the AC electricity produced by gen-
erators 72A, 72B, and controller 80 may be configured
to control the frequencies of the AC electricity by control-
ling the pitch of variable-pitch blades 68A, 68B, 69A, 69B.
Controller 80 may be configured to control the propulsion
generated by propulsor fans 76A, 76B by controlling the
pitch of variable-pitch blades 68A, 68B, 69A, 69B. In
some examples, propulsor fans 76A, 76B may include
one or more variable-pitch blades, and controller 80 may
be configured to control the propulsion generated by pro-
pulsor fans 76A, 76B by controlling the pitch of the one
or more variable-pitch blades of propulsor fans 76A, 76B.
[0034] In some examples, controller 80 may be con-
figured to control the pitch of variable-pitch blades on
propulsor fans 76A, 76B. By increasing the pitch of the
variable-pitch blades on propulsor fans 76A, 76B, con-
troller 80 may increase the load on generators 72A, 72B
and reduce the speed of shafts 70A, 70B. A lower speed
for shafts 70A, 70B may lead to a lower thrust for turbine
engines 64A, 64B.
[0035] In some examples, a controller of synchronous
AC electrical system 60 may phase-lock the first AC elec-
tricity and the second AC electricity. The controller may
control the frequency and phase of the first AC electricity
by controlling the pitch of variable-pitch blades 68A, 68B
through variable-pitch unit 66A. The controller may con-
trol the frequency and phase of the second AC electricity
by controlling the pitch of variable-pitch blades 69A, 69B
through variable-pitch unit 66B. The controller may cause
the frequency of the first AC electricity to be equal to
frequency of the second AC electricity. The frequencies
may be defined as equal if the difference between the
frequencies is less than a threshold percentage, such as
one percent, five percent, ten percent, or any other suit-
able percentage. The controller may cause the phase of
the first AC electricity to be equal to phase of the second
AC electricity. The phases may be defined as equal if the
difference between the phases is less than five degrees
or less than some other tolerable difference in degree
value. Accordingly, this would cause the speeds of the
gas turbines to be phase locked. By controlling the com-
ponents of synchronous AC electrical system 60, con-
troller 80 may control the propulsion generated by each
of propulsor fans 76A, 76B, which may provide a greater
flexibility and a wider range of operation in, for example,
activating a boundary layer near propulsor fans 76A, 76B.
[0036] FIGS. 4A-4G are diagrams illustrating reconfig-
uration elements 78A-78G configured to selectively
transmit AC electricity from two generators to two pro-

pulsors, in accordance with one or more techniques of
this disclosure. For the example depicted in FIG. 4A, elec-
trical bus 62A may be configured to deliver a first AC
electricity produced by a first generator to reconfiguration
element 78A. Electrical bus 62B may be configured to
deliver a second AC electricity produced by a second
generator to reconfiguration element 78A.
[0037] For the example depicted in FIG. 4A, electrical
bus 94 may be configured to deliver one of the first AC
electricity or the second AC electricity from reconfigura-
tion element 78A to a first propulsor motor to drive a first
propulsor fan. Electrical bus 95 may be configured to
deliver one of the first AC electricity or the second AC
electricity from reconfiguration element 78A to a second
propulsor motor to drive a second propulsor fan. Recon-
figuration element 78A in FIG. 4A may not connect or
refrain from connecting either of electrical busses 94, 95
to either of electrical busses 62A, 62B.
[0038] Reconfiguration element 78B may not connect
or refrain from connecting electrical bus 94 to either of
electrical busses 62A, 62B. Reconfiguration element 78B
may connect electrical bus 95 to electrical bus 62B so
that a second propulsor motor can drive a second pro-
pulsor fan based on a second AC electricity produced by
a second generator. When electrical bus 94 is not con-
nected to either of electrical busses 62A, 62B, a first pro-
pulsor motor connected to electrical bus 94 may not drive
a first propulsor fan. A controller may cause reconfigu-
ration element not to transmit AC electricity to electrical
bus 94 for various reasons, such as the first propulsor
motor being disabled or to produce less propulsion as
compared to connecting both propulsor motors to a gen-
erator (see reconfiguration elements 78C, 78D).
[0039] Reconfiguration element 78C may connect
electrical bus 94 to electrical bus 62A so that a first pro-
pulsor motor drives a first propulsor fan based on a first
AC electricity produced by a first generator. Reconfigu-
ration element 78C may connect electrical bus 95 to elec-
trical bus 62B so that a second propulsor motor drives a
second propulsor fan based on a second AC electricity
produced by a second generator. Thus, FIG. 4 may depict
each propulsor motor of a synchronous AC electrical sys-
tem receiving AC electricity produced by a separate gen-
erator of the synchronous AC electrical system.
[0040] Reconfiguration element 78D may connect
electrical bus 94 to electrical bus 62B so that a first pro-
pulsor motor drives a first propulsor fan based on a sec-
ond AC electricity produced by a second generator.
Reconfiguration element 78D may connect electrical bus
95 to electrical bus 62A so that a second propulsor motor
drives a second propulsor fan based on a first AC elec-
tricity produced by a first generator. Thus, FIG. 4D may
depict each propulsor motor of a synchronous AC elec-
trical system receiving AC electricity produced by a sep-
arate generator of the synchronous AC electrical system.
[0041] Reconfiguration element 78E may connect
electrical bus 94 to electrical bus 62A so that a first pro-
pulsor motor drives a first propulsor fan based on a first
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AC electricity produced by a first generator. Reconfigu-
ration element 78E may not connect electrical bus 94 to
either of electrical busses 62A, 62B. When electrical bus
95 is not connected to either of electrical busses 62A,
62B, a second propulsor motor connected to electrical
bus 94 may not drive a second propulsor fan.
[0042] Reconfiguration element 78F may connect
electrical bus 94 to electrical bus 62B so that a first pro-
pulsor motor drives a first propulsor fan based on a sec-
ond AC electricity produced by a second generator.
Reconfiguration element 78F may connect electrical bus
95 to electrical bus 62B so that a second propulsor motor
drives a second propulsor fan based on the second AC
electricity produced by the second generator. Thus, FIG.
4F may depict reconfiguration element 78F selectively
transmitting AC electricity produced by the second gen-
erator of a synchronous AC electrical system to each
propulsor motor of the synchronous AC electrical system.
[0043] Reconfiguration element 78G may connect
electrical bus 94 to electrical bus 62A so that a first pro-
pulsor motor drives a first propulsor fan based on a first
AC electricity produced by a first generator. Reconfigu-
ration element 78G may connect electrical bus 95 to elec-
trical bus 62A so that a second propulsor motor drives a
second propulsor fan based on the first AC electricity
produced by the first generator. Thus, FIG. 4G may depict
reconfiguration element 78G selectively transmitting AC
electricity produced by the first generator of a synchro-
nous AC electrical system to each propulsor motor of the
synchronous AC electrical system. Reconfiguration ele-
ments 78A-78G may allow controller 80 to switch both
motors to a single generator in the case of another gen-
erator being disabled. Reconfiguration elements 78A-
78G may also provide a wider range of operation in gen-
erating propulsion from two or more propulsor fans.
[0044] FIGS. 5A-5C are diagrams illustrating reconfig-
uration elements 78H-78K configured to selectively
transmit AC electricity from two generators to two pro-
pulsors, in accordance with one or more techniques of
this disclosure. For the example depicted in FIG. 5A, elec-
trical bus 62A may be configured to deliver a first AC
electricity produced by a first generator to reconfiguration
element 78H. Electrical bus 62B may be configured to
deliver a second AC electricity produced by a second
generator to reconfiguration element 78H.
[0045] For the example depicted in FIG. 5A, electrical
bus 94 may be configured to deliver one of the first AC
electricity or the second AC electricity from reconfigura-
tion element 78H to a first propulsor motor to drive a first
propulsor fan. Electrical bus 95 may be configured to
deliver one of the first AC electricity or the second AC
electricity from reconfiguration element 78H to a second
propulsor motor to drive a first propulsor fan. Reconfig-
uration element 78H in FIG. 5A may connect electrical
bus 94 to electrical bus 62A, and reconfiguration element
78H may connect electrical bus 95 to electrical bus 62B.
[0046] In some examples, an event may occur that
causes electrical bus 62A not to deliver the first AC elec-

tricity to reconfiguration element 78H. The event may in-
clude a malfunction of a first turbine engine, a malfunction
of the first generator, a malfunction of electrical bus 62A,
and/or any other disabling event. As depicted in FIG. 5B,
the first propulsor motor may not drive the first propulsor
fan.
[0047] As depicted in FIG. 5B, reconfiguration element
78J may disconnect electrical bus 94 from electrical bus
62A. When electrical bus 94 is not connected to either
of electrical busses 62A, 62B, a first propulsor motor con-
nected to electrical bus 94 may not drive a first propulsor
fan. As depicted in FIG. 5C, reconfiguration element 78K
may connect electrical bus 94 to electrical bus 62B so
that a first propulsor motor drives a first propulsor fan
based on the second AC electricity produced by the sec-
ond generator, which may be unaffected by the loss of
the first turbine engine. Thus, FIG. 5C may depict recon-
figuration element 78K selectively transmitting AC elec-
tricity produced by the second generator of a synchro-
nous AC electrical system to each propulsor motor of the
synchronous AC electrical system. During the switch
over, the first propulsor motor may be synchronized to
the second AC electricity by windmilling and/or variation
of the shaft speed of the second turbine engine. Each
propulsor motor of the synchronous AC electrical system
may drive a propulsor fan despite the disabling event to
electrical bus 62A. Reconfiguration elements 78H-78K
may allow controller 80 to switch both propulsor motors
to a generator in the case of the other generator being
disabled.
[0048] FIGS. 6-8 are conceptual block diagrams illus-
trating engine core speed control loops with combina-
tions of fixed and variable pitch engine fans and propulsor
fans, in accordance with one or more techniques of this
disclosure. Each of synchronous AC electrical systems
110, 120, 130 may include one or more engine core
speed control loops. Each engine core speed control loop
may include a subtraction element Σ, an amplifier K, and
an engine core, which may include an HP turbine. Sub-
traction element Σ may subtract an actual value of core
speed or LP speed from a commanded value of core
speed or LP speed. Subtraction element Σ may generate
an error signal based on the subtraction, an amplifier K
may amplify the error signal to generate a fuel command
or a VP command. The fuel command for the engine core
may be based on the core speed. The core speed may
drive the LP speed, which may drive the speed of a pro-
pulsor fan through a generator and a propulsor motor
(not shown in FIGS. 6-8). In FIGS. 6-11, solid lines may
indicate commands, and dashed lines may indicate phys-
ical connections.
[0049] FIG. 6 may depict variable-pitch (VP) com-
mands on the propulsor fans and VP commands the en-
gine fans, which may include an LP turbine. FIG. 7 may
depict VP commands on the engine fans, but not on the
propulsor fans. FIG. 8 may depict VP commands on the
propulsor fans, but not on the engine fans. The propulsor
fans of synchronous AC electrical systems 120 may in-
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clude fixed-pitch blades, and the engine fans of synchro-
nous AC electrical systems 130 may include fixed-pitch
blades.
[0050] For synchronous AC electrical systems 110,
130, the propulsor controller may adjust the pitch of the
variable-pitch blades of each propulsor fan in order to
control the propulsion generated by each propulsor fan.
For synchronous AC electrical systems 110, 120, the pro-
pulsor controller may adjust the pitch of the variable-pitch
blades of each engine fan in order to control the LP speed
and consequently the frequency of the AC electricity pro-
duced by the respective generators (not shown in FIGS.
6, 8). The engine core speed control loops may enable
the controllers of synchronous AC electrical systems 110,
120, 130 to control the propulsion generated by the pro-
pulsor fans by controlling the pitch of the variable-pitch
blades of the engine fans and/or the propulsor fans. The
control of the engine core speed may be independent of
the control of the propulsion generated by the propulsor
fans.
[0051] FIGS. 9-11 are conceptual block diagrams illus-
trating engine LP speed control loops with combinations
of fixed and variable pitch engine fans and propulsor fans,
in accordance with one or more techniques of this dis-
closure. Each of synchronous AC electrical systems 140,
150, 160 may include one or more LP speed control
loops, each of which may include an adder Σ, an amplifier
K, an engine core (i.e., an HP turbine), and an LP turbine.
The fuel command for the engine core may be based on
the LP speed. The core speed may drive the LP speed,
which may drive the speed of a propulsor fan through a
generator and a propulsor motor (not shown in FIGS.
9-11).
[0052] FIG. 9 may depict VP commands on the pro-
pulsor fans and VP commands the engine fans, which
may include an LP turbine. FIG. 10 may depict VP com-
mands on the engine fans, but not on the propulsor fans.
FIG. 11 may depict VP commands on the propulsor fans,
but not on the engine fans. The propulsor fans of syn-
chronous AC electrical systems 150 may include fixed-
pitch blades, and the engine fans of synchronous AC
electrical systems 160 may include fixed-pitch blades.
[0053] For synchronous AC electrical systems 140,
160, the propulsor controller may adjust the pitch of the
variable-pitch blades of each propulsor fan in order to
control the propulsion generated by each propulsor fan.
For synchronous AC electrical systems 140, 150, the
thrust controller may adjust the pitch of the variable-pitch
blades of each engine fan in order to control the LP speed
and consequently the frequency of the AC electricity pro-
duced by the respective generators (not shown in FIGS.
9, 11).
[0054] In some examples, synchronous AC electrical
systems 130, 160 may include variable-pitch blades on
the propulsor fans and fixed-pitch blades on the engine
fans. The turbine engines in synchronous AC electrical
systems 130, 160 may include fixed-pitch blades. There-
fore, the frequency of the AC electricity produced by a

generator connected to a fixed-pitch turbine engine may
be based on the core power and the load applied by the
propulsor fan, rather than based on the pitch of the blades
of the turbine engine. Thus, the rotation of a propulsor
fan may be based on the core speed of a respective tur-
bine engine, and a controller may control the propulsion
generated by the propulsor fan by controlling the pitch of
the variable-pitch blades of the propulsor fan. The LP
speed control loops may enable the controllers of syn-
chronous AC electrical systems 140, 150, 160 to control
the particular frequency produced by the generators by
controlling either the engine core speed or the pitch of
the variable-pitch blades of the engine fans and/or the
propulsor fans.
[0055] FIG. 12 is a flowchart illustrating an example
process 200 implemented by a system including a vari-
able-pitch turbine engine, in accordance with one or more
techniques of this disclosure. Operations 202-208 of
process 200 are described in the context of synchronous
AC electrical system 2 and controller 20 of FIG. 1.
[0056] Process 200 includes determining a propulsion
for a propulsion fan driven by a propulsor motor based
on a particular frequency of AC electricity 14 for driving
propulsor motor 16 (202). Controller 20 may determine
a desired level of propulsion, i.e., thrust, from propulsor
fan 18. In some examples, controller 20 may determine
a desired level of propulsion from engine fan 7. Controller
20 may also determine the proportion of propulsion from
propulsor fan 18 and engine fan 7. Controller 20 may
then determine the particular frequency of AC electricity
14 to cause propulsor motor 16 to drive propulsor fan 18
to generate the desired propulsion. Controller 20 may
then determine the particular frequency of AC electricity
14 to cause propulsor motor 16 to drive Propulsor fan
18. Controller 20 may determine the rotational speed of
shaft 10 to cause generator 12 to produce the particular
frequency of AC electricity 14. In some examples, con-
troller 20 may sense AC electricity 14 and the propulsion
generated by propulsor fan 18 to determine whether the
current frequency of AC electricity is higher or lower than
the particular frequency. Controller 20 may use an algo-
rithm to determine the additional propulsion to reach the
desired propulsion.
[0057] Process 200 also includes determining a pitch
of one or more variable-pitch blades 8A-8N of engine fan
7 of turbine engine 4 to cause shaft 10 of turbine engine
4 to rotate at a rotational speed to cause generator 12 to
produce the particular frequency of AC electricity 14
(204). The rotational speed of shaft 10 may be based on
the pitch of variable-pitch blades 8A-8N. Controller 20
may use an algorithm to determine the pitch of variable-
pitch blades 8A-8N that will result in propulsor fan 18 to
generate the desired propulsion. In some examples, con-
troller 20 may determine the pitch that will increase the
sensed propulsion to the desired propulsion.
[0058] Process 200 also includes controlling the pitch
of variable-pitch blades 8A-8N of turbine engine 4 to
cause generator 12 to produce AC electricity 14 at the
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particular frequency (206). By controlling the pitch of var-
iable-pitch blades 8A-8N, controller 20 may also cause
propulsor motor 16 to drive propulsor fan 18 to generate
the propulsion based on AC electricity 14. Controller 20
may transmit a command to a variable-pitch unit to control
the pitch of variable-pitch blades 8A-8N. Turbine engine
4 may rotate shaft 10 based on the pitch of variable-pitch
blades 8A-8N and the fluid passing through turbine en-
gine 4. Generator 12 may produce AC electricity 14 with
a particular frequency based on a rotation of shaft 10.
For example, to increase the frequency of AC electricity
14, controller 20 may increase the pitch of variable-pitch
blades 8A-8N in order to increase the rotational speed
of shaft 10.
[0059] Controller 20 may enable a reconfiguration el-
ement to deliver the particular frequency of AC electricity
14 to drive the propulsor motor 16 (206). Controller 20
may cause the reconfiguration element, such as recon-
figuration element 44 in FIG. 2 or reconfiguration element
78 in FIGS. 3-5C, to electrically connect generator 12 to
propulsor motor 16. Propulsor motor 16 may receive AC
electricity 14 with the particular frequency of AC electric-
ity 14 produced by generator 12. The particular frequency
of AC electricity 14 may be based on the pitch of variable-
pitch blades 8A-8N of a turbine engine 4. Propulsor motor
16 may drive propulsor fan 18 to generate propulsion that
is based on the particular frequency of AC electricity 14.
[0060] FIG. 12 has described the operation of synchro-
nous AC electrical system 2 in general. In some exam-
ples, synchronous AC electrical system 2 may include
more than one turbine engine, more than one generator,
and more than one propulsor fan. Synchronous AC elec-
trical system 2 may also include a reconfiguration ele-
ment to selectively transmit the AC electricity from one
or more generators to one or more propulsor motors.
Using the reconfiguration element, synchronous AC
electrical system 2 may control the propulsion at each
propulsor fan and may respond to disabled turbine en-
gines and disabled generators by switching a propulsor
fan to a functioning generator.
[0061] The following numbered examples demon-
strate one or more aspects of the disclosure.

Example 1. A system includes a turbine engine in-
cluding an engine fan including one or more variable-
pitch blades driven by a shaft, which rotates at a
rotational speed which depends on a pitch of the one
or more variable-pitch blades of the engine fan. The
system further includes a generator configured to
produce alternating-current (AC) electricity at a par-
ticular frequency relative to the rotational speed of
the shaft. The system further includes a propulsor,
which includes a propulsor motor and a propulsor
fan. The propulsor motor is configured to drive the
propulsor fan, based on the AC electricity produced
by the generator. The system includes a controller
configured to control the particular frequency of the
AC electricity by at least controlling the pitch of the

one or more variable-pitch blades of the engine fan
and thereby the rotational speed of the generator.
Example 2. The system of example 1, wherein the
propulsor fan comprises one or more variable-pitch
blades; and the controller is further configured to
control a propulsion of the propulsor fan by at least
controlling a pitch of the one or more variable-pitch
blades of the propulsor fan.
Example 3. The system of examples 1 or 2 or any
combination thereof, wherein the propulsor fan com-
prises one or more fixed-pitch blades; and the con-
troller is further configured to control a propulsion of
the propulsor fan by at least controlling the pitch of
the one or more variable-pitch blades of the engine
fan.
Example 4. The system of examples 1-3 or any com-
bination thereof, further including an AC electrical
bus configured to transmit the AC electricity from the
generator to the propulsor motor.
Example 5. The system of examples 1-4 or any com-
bination thereof, wherein the particular frequency of
the AC electricity is based on the rotation of the shaft;
and the rotation of the shaft is based on the pitch of
the one or more variable-pitch blades of the engine
fan.
Example 6. The system of examples 1-5 or any com-
bination thereof, wherein the turbine engine compris-
es a first turbine engine; the engine fan comprises a
first engine fan; the shaft comprises a first shaft; the
generator comprises a first generator; the AC elec-
tricity comprises a first AC electricity; and the system
further includes a second turbine engine including a
second engine fan including one or more variable-
pitch blades and a second shaft configured to rotate
based on a pitch of the one or more variable-pitch
blades of the second engine fan, and a second gen-
erator configured to produce, based on a rotation of
the second shaft, a second AC electricity at a second
frequency, wherein the propulsor motor is further
configured to drive, selectively based on the first AC
electricity produced by the first generator or the sec-
ond AC electricity produced by the second genera-
tor, the propulsor fan, and wherein the controller is
further configured to control the second frequency
of the second AC electricity by at least controlling
the pitch of the one or more variable-pitch blades of
the second engine fan.
Example 7. The system of example 6, wherein the
propulsor fan comprises a first propulsor fan; the pro-
pulsor motor comprises a first propulsor motor; and
the system further includes a second propulsor in-
cluding a second propulsor fan and a second pro-
pulsor motor configured to drive, selectively based
on the first AC electricity produced by the first gen-
erator or the second AC electricity produced by the
second generator, the second propulsor fan.
Example 8. The system of example 7, wherein the
controller is further configured to control the partic-
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ular frequency and a phase of the first AC electricity
by at least controlling the pitch of the one or more
variable-pitch blades of the first engine fan; control
the second frequency and a phase of the second AC
electricity by at least controlling the pitch of the one
or more variable-pitch blades of the second engine
fan, wherein the particular frequency of the first AC
electricity is equal to the second frequency of the
second AC electricity; and the phase of the first AC
electricity is equal to the phase of the second AC
electricity.
Example 9. The system of examples 7 or 8 or any
combination thereof, further including a reconfigura-
tion element, wherein the controller is further config-
ured to cause the reconfiguration element to transmit
the first AC electricity to zero, one, or both of the first
propulsor motor and the second propulsor motor;
and cause the reconfiguration element to transmit
the second AC electricity to zero, one, or both of the
first propulsor motor and the second propulsor mo-
tor.
Example 10. A method for generating propulsion,
the method including determining a propulsion for a
propulsion fan driven by a propulsor motor based on
a particular frequency of alternating-current (AC)
electricity; determining a pitch of one or more varia-
ble-pitch blades of an engine fan of a turbine engine
to cause a shaft of the turbine engine to rotate at a
rotational speed to cause a generator to produce the
particular frequency of AC electricity; controlling the
pitch of the one or more variable-pitch blades to
cause the generator to produce the AC electricity at
the particular frequency and the propulsor motor to
drive the propulsor fan to generate the propulsion
based on the AC electricity.
Example 11. The method of example 10, further in-
cluding controlling a propulsion of the propulsor fan
by at least controlling a pitch of one or more variable-
pitch blades of the propulsor fan.
Example 12. The method of examples 10-11 or any
combination thereof, further including enabling a
reconfiguration element to deliver the particular fre-
quency of the AC electricity to drive the propulsor
motor.
Example 13. The method of examples 10-12 or any
combination thereof, further comprising determining
the particular frequency of the AC electricity based
on the propulsion; determining the rotational speed
of the shaft based on the particular frequency of the
AC electricity, wherein determining the pitch of the
one or more variable-pitch blades of the engine fan
is based on the rotational speed.
Example 14. The method of examples 10-13 or any
combination thereof, wherein the turbine engine
comprises a first turbine engine, the method further
including determining a second pitch of one or more
variable-pitch blades of a second engine fan of a
second turbine engine to cause a second shaft of

the second turbine engine to rotate at a second ro-
tational speed to cause a second generator to pro-
duce a second frequency of a second AC electricity;
and controlling the second pitch of one or more var-
iable-pitch blades of the second engine fan to cause
a second generator to produce the second AC elec-
tricity at the second frequency. The method further
includes enabling a reconfiguration element to se-
lectively deliver the particular frequency of the first
AC electricity or the second frequency of the second
AC electricity to drive the propulsor motor, wherein
the propulsor motor is configured to drive, selectively
based on the first AC electricity produced by the first
generator or the second AC electricity produced by
the second generator, the propulsor fan.
Example 15. The method of example 14, further in-
cluding enabling the reconfiguration element to se-
lectively deliver the second frequency of the second
AC electricity to drive a second propulsor motor,
wherein the second propulsor motor is configured to
drive, based on the second AC electricity, a second
propulsor fan.
Example 16. The method of examples 14 or 15 or
any combination thereof, further comprising control-
ling the pitch of the one or more variable-pitch blades
of the engine fan of the first turbine engine and the
pitch of the one or more variable-pitch blades of the
second engine fan to cause the particular frequency
of the first AC electricity to be equal to the second
frequency of the second AC electricity; and a phase
of the first AC electricity to be equal to a phase of
the second AC electricity.
Example 17. The method of examples 15 or 16 or
any combination thereof, further including enabling
the reconfiguration element to selectively deliver the
particular frequency of the first AC electricity to zero,
one, or both of the first propulsor motor and the sec-
ond propulsor motor; and enabling the reconfigura-
tion element to selectively deliver the second fre-
quency of the second AC electricity to zero, one, or
both of the first propulsor motor and the second pro-
pulsor motor.
Example 18. A system including a first turbine engine
including a first engine fan including one or more
variable-pitch blades and a first shaft configured to
rotate based on a pitch of the one or more variable-
pitch blades of the first engine fan. The system also
includes a first generator configured to produce,
based on a rotation of the first shaft, first alternating-
current (AC) electricity at a first frequency. The sys-
tem further includes a second turbine engine includ-
ing a second engine fan including one or more var-
iable-pitch blades and a second shaft configured to
rotate based on a pitch of the one or more variable-
pitch blades of the second engine fan. The system
may also include a second generator configured to
produce, based on a rotation of the second shaft,
second alternating-current (AC) electricity at a sec-
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ond frequency. The system further includes a pro-
pulsor including a propulsor fan and a propulsor mo-
tor configured to drive, selectively based on the first
AC electricity produced by the first generator or the
second AC electricity produced by the second gen-
erator, the propulsor fan. The system includes a con-
troller configured to control the first frequency of the
AC electricity by at least controlling the pitch of the
one or more variable-pitch blades of the first engine
fan, and control the second frequency of the AC elec-
tricity by at least controlling the pitch of the one or
more variable-pitch blades of the second engine fan.
Example 19. The system of example 18, further in-
cluding a reconfiguration element, wherein the con-
troller is further configured to selectively cause the
reconfiguration element to transmit the first AC elec-
tricity or the second AC electricity to the propulsor
motor. The controller is further configured to control
a propulsion of the propulsor fan by at least control-
ling a pitch of the one or more variable-pitch blades
of the first engine fan or controlling a pitch of the one
or more variable-pitch blades of the second engine
fan.
Example 20. The system of example 19, wherein the
propulsor fan comprises a first propulsor fan, and
the propulsor motor comprises a first propulsor mo-
tor. The system further comprises a second propul-
sor including a second propulsor fan and a second
propulsor motor configured to drive, selectively
based on the first AC electricity produced by the first
generator or the second AC electricity produced by
the second generator, the second propulsor fan. The
controller is further configured to selectively cause
the reconfiguration element to transmit the first AC
electricity or the second AC electricity to the second
propulsor motor, and control a propulsion of the sec-
ond propulsor fan by at least controlling a pitch of
the one or more variable-pitch blades of the first en-
gine fan or controlling a pitch of the one or more
variable-pitch blades of the second engine fan.

[0062] Various examples have been described. These
and other examples are within the scope of the following
claims.

Claims

1. A system comprising:

a turbine engine including an engine fan includ-
ing one or more variable-pitch blades driven by
a shaft, which rotates at a rotational speed which
depends on a pitch of the one or more variable-
pitch blades of the engine fan;
a generator configured to produce alternating-
current (AC) electricity at a particular frequency
relative to the rotational speed of the shaft;

a propulsor, which comprises a propulsor motor
and a propulsor fan, wherein the propulsor motor
is configured to drive the propulsor fan, based
on the AC electricity produced by the generator;
and
a controller configured to control the particular
frequency of the AC electricity by at least con-
trolling the pitch of the one or more variable-pitch
blades of the engine fan and thereby the rota-
tional speed of the generator.

2. The system of claim 1, wherein:

the propulsor fan comprises one or more varia-
ble-pitch blades; and
the controller is further configured to control a
propulsion of the propulsor fan by at least con-
trolling a pitch of the one or more variable-pitch
blades of the propulsor fan.

3. The system of claim 1 or claim 2, wherein:

the propulsor fan comprises one or more fixed-
pitch blades; and
the controller is further configured to control a
propulsion of the propulsor fan by at least con-
trolling the pitch of the one or more variable-pitch
blades of the engine fan.

4. The system of any preceding claim, further compris-
ing an AC electrical bus configured to transmit the
AC electricity from the generator to the propulsor mo-
tor.

5. The system of any preceding claim, wherein:

the particular frequency of the AC electricity is
based on the rotation of the shaft; and
the rotation of the shaft is based on the pitch of
the one or more variable-pitch blades of the en-
gine fan.

6. The system of any preceding claim, wherein:

the turbine engine comprises a first turbine en-
gine;
the engine fan comprises a first engine fan;
the shaft comprises a first shaft;
the generator comprises a first generator;
the AC electricity comprises a first AC electricity;
and
the system further comprises:

a second turbine engine including a second
engine fan including one or more variable-
pitch blades and a second shaft configured
to rotate based on a pitch of the one or more
variable-pitch blades of the second engine
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fan, and
a second generator configured to produce,
based on a rotation of the second shaft, a
second AC electricity at a second frequen-
cy, wherein the propulsor motor is further
configured to drive, selectively based on the
first AC electricity produced by the first gen-
erator or the second AC electricity produced
by the second generator, the propulsor fan,
and wherein the controller is further config-
ured to control the second frequency of the
second AC electricity by at least controlling
the pitch of the one or more variable-pitch
blades of the second engine fan.

7. The system of claim 6, wherein:

the propulsor fan comprises a first propulsor fan;
the propulsor motor comprises a first propulsor
motor; and
the system further comprises:

a second propulsor including a second pro-
pulsor fan and a second propulsor motor
configured to drive, selectively based on the
first AC electricity produced by the first gen-
erator or the second AC electricity produced
by the second generator, the second pro-
pulsor fan.

8. The system of claim 7, wherein the controller is fur-
ther configured to:

control the particular frequency and a phase of
the first AC electricity by at least controlling the
pitch of the one or more variable-pitch blades of
the first engine fan;
control the second frequency and a phase of the
second AC electricity by at least controlling the
pitch of the one or more variable-pitch blades of
the second engine fan, wherein:

the particular frequency of the first AC elec-
tricity is equal to the second frequency of
the second AC electricity; and
the phase of the first AC electricity is equal
to the phase of the second AC electricity.

9. The system of claim 7 or claim 8, further comprising
a reconfiguration element, wherein the controller is
further configured to:

cause the reconfiguration element to transmit
the first AC electricity to zero, one, or both of the
first propulsor motor and the second propulsor
motor; and
cause the reconfiguration element to transmit
the second AC electricity to zero, one, or both

of the first propulsor motor and the second pro-
pulsor motor.

10. A method for generating propulsion, the method
comprising:

determining a propulsion for a propulsion fan
driven by a propulsor motor based on a partic-
ular frequency of alternating-current (AC) elec-
tricity;
determining a pitch of one or more variable-pitch
blades of an engine fan of a turbine engine to
cause a shaft of the turbine engine to rotate at
a rotational speed to cause a generator to pro-
duce the particular frequency of AC electricity;
controlling the pitch of the one or more variable-
pitch blades to cause:

the generator to produce the AC electricity
at the particular frequency, and

the propulsor motor to drive the propulsor fan to
generate the propulsion based on the AC elec-
tricity.

11. The method of claim 10, further comprising control-
ling a propulsion of the propulsor fan by at least con-
trolling a pitch of one or more variable-pitch blades
of the propulsor fan.

12. The method of claim 10 or claim 11, further compris-
ing enabling a reconfiguration element to deliver the
particular frequency of the AC electricity to drive the
propulsor motor.

13. The method of claim 10 to claim 12, further compris-
ing:

determining the particular frequency of the AC
electricity based on the propulsion;
determining the rotational speed of the shaft
based on the particular frequency of the AC elec-
tricity,
wherein determining the pitch of the one or more
variable-pitch blades of the engine fan is based
on the rotational speed.

14. The method of claim 10 to claim 13, wherein the tur-
bine engine comprises a first turbine engine, the
method further comprising:

determining a second pitch of one or more var-
iable-pitch blades of a second engine fan of a
second turbine engine to cause a second shaft
of the second turbine engine to rotate at a sec-
ond rotational speed to cause a second gener-
ator to produce a second frequency of a second
AC electricity;
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controlling the second pitch of one or more var-
iable-pitch blades of the second engine fan to
cause a second generator to produce the sec-
ond AC electricity at the second frequency;
enabling a reconfiguration element to selectively
deliver the particular frequency of the first AC
electricity or the second frequency of the second
AC electricity to drive the propulsor motor,
wherein the propulsor motor is configured to
drive, selectively based on the first AC electricity
produced by the first generator or the second
AC electricity produced by the second genera-
tor, the propulsor fan.

15. A system comprising:

a first turbine engine including a first engine fan
including one or more variable-pitch blades and
a first shaft configured to rotate based on a pitch
of the one or more variable-pitch blades of the
first engine fan;
a first generator configured to produce, based
on a rotation of the first shaft, first alternating-
current (AC) electricity at a first frequency;
a second turbine engine including a second en-
gine fan including one or more variable-pitch
blades and a second shaft configured to rotate
based on a pitch of the one or more variable-
pitch blades of the second engine fan;
a second generator configured to produce,
based on a rotation of the second shaft, second
alternating-current (AC) electricity at a second
frequency;
a propulsor including a propulsor fan and a pro-
pulsor motor configured to drive, selectively
based on the first AC electricity produced by the
first generator or the second AC electricity pro-
duced by the second generator, the propulsor
fan; and
a controller configured to:

control the first frequency of the AC elec-
tricity by at least controlling the pitch of the
one or more variable-pitch blades of the first
engine fan, and
control the second frequency of the AC elec-
tricity by at least controlling the pitch of the
one or more variable-pitch blades of the
second engine fan.
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