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MAINTAINING A DIELECTRIC IN AN
AIRCRAFT ELECTRIC MACHINE

TECHNICAL FIELD

[0001] This disclosure relates to electrical machines for
aircraft applications.

BACKGROUND

[0002] Aircraft electrification is dependent on the perfor-
mance and reliability of the electrical machines and their
materials that constitute the aircraft. For example, electric
motors (i.e., components that convert electrical energy into
mechanical energy) and generators (i.e., components that
convert mechanical energy into electrical energy) for aircraft
applications are operated at varying altitudes and can be
subjected to different ambient pressures. In an electric
motor, the moving part is a rotor, which turns a shaft to
deliver the mechanical power. The rotor interacts with a
magnetic field of a stator to generate the forces that turn the
shaft. The stator is the stationary part of the electric motor’s
electromagnetic circuit, and it is composed of windings and
a laminated steel core.

SUMMARY

[0003] This disclosure describes maintaining and/or
adjusting a pressure within a stator cavity or chamber of an
aircraft electric machine to adjust a dielectric strength for the
stator’s windings at varying operating altitudes.

[0004] An example implementation of the subject matter
described within this disclosure is an aircraft electric
machine with the following features. An electric stator
surrounds and supports a rotor. A housing defines a sealed
chamber enclosing the electric stator and is configured to
maintain an absolute pressure of a gas within the chamber as
an aircraft with the aircraft electric machine changes alti-
tude.

[0005] Aspects of the example aircraft electric machine,
which can be combined with the example aircraft electric
machine alone or with other aspects, include the following.
The housing includes a bore seal between the stator and the
rotor. The bore seal includes a non-metallic material. The
bore seal defines a portion of the sealed chamber.

[0006] Aspects of the example aircraft electric machine,
which can be combined with the example aircraft electric
machine alone or with other aspects, include the following.
The housing includes a pressure port configured to exchange
pressure between an interior of and exterior of the chamber.
A valve is fluidically coupled to the pressure port. The valve
is configured to regulate pressure exchange through the
pressure port.

[0007] Aspects of the example aircraft electric machine,
which can be combined with the example aircraft electric
machine alone or with other aspects, include the following.
A pump or compressor is coupled to the pressure port.
[0008] Aspects of the example aircraft electric machine,
which can be combined with the example aircraft electric
machine alone or with other aspects, include the following.
A controller is configured to control the pump or compressor
responsive to a pressure within the chamber.

[0009] Aspects of the example aircraft electric machine,
which can be combined with the example aircraft electric
machine alone or with other aspects, include the following.
The rotor includes a permanent magnet rotor.
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[0010] Aspects of the example aircraft electric machine,
which can be combined with the example aircraft electric
machine alone or with other aspects, include the following.
The aircraft electric machine is coupled to a propeller or fan
such that the aircraft electric machine drives the propeller or
fan.

[0011] Aspects of the example aircraft electric machine,
which can be combined with the example aircraft electric
machine alone or with other aspects, include the following.
The aircraft electric machine is coupled to an internal
combustion engine such that the aircraft electric machine is
driven by the internal combustion engine.

[0012] An example implementation of the subject matter
described within this disclosure is a method with the fol-
lowing features. A pressure is maintained at a first altitude
within a sealed chamber that encloses an electric stator and
is defined by a housing of an aircraft electric machine. The
pressure within the sealed chamber is maintained at a second
altitude. The second altitude is different from the first
altitude.

[0013] Aspects of the example method, which can be
combined with the example method alone or with other
aspects, include the following. The electric machine is
driven by an internal combustion engine.

[0014] Aspects of the example method, which can be
combined with the example method alone or with other
aspects, include the following. A propeller or fan is driven by
the electric machine.

[0015] Aspects of the example method, which can be
combined with the example method alone or with other
aspects, include the following. The pressure is received by
the chamber through a port in the housing. The port is sealed
by a valve fluidically connected to the port.

[0016] Aspects of the example method, which can be
combined with the example method alone or with other
aspects, include the following. Maintaining the pressure
within the chamber at the first altitude and the second
altitude includes maintaining the pressure within the cham-
ber to be greater than a pressure outside the housing when
the electric machine is at altitude.

[0017] Aspects of the example method, which can be
combined with the example method alone or with other
aspects, include the following. The pressure within the
chamber is substantially one atmosphere absolute pressure
or greater.

[0018] Aspects of the example method, which can be
combined with the example method alone or with other
aspects, include the following. The pressure within the
chamber is substantially a vacuum.

[0019] Aspects of the example method, which can be
combined with the example method alone or with other
aspects, include the following. A breakdown voltage is
maintained above a desired threshold by the maintained
pressure within the chamber.

[0020] Aspects of the example method, which can be
combined with the example method alone or with other
aspects, include the following. A pressure stream is received
from a pressure sensor within the chamber. Responsive to
the pressure stream, the pressure within the chamber is
adjusted to achieve a desired dielectric property.

[0021] An example implementation of the subject matter
within this disclosure is an aircraft propulsion system with
the following features. An electric generator includes an
electric stator surrounding and supporting a rotor. A housing
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defines a sealed chamber enclosing the electric stator. The
housing includes a bore seal between the stator and the rotor.
The bore seal includes a non-metallic material. The bore seal
defines a portion of the sealed chamber. The housing is
configured to maintain an absolute pressure of a gas within
the chamber as an aircraft with the electric generator
changes altitude.

[0022] Aspects of the example aircraft propulsion system,
which can be combined with the example aircraft propulsion
system alone or with other aspects, include the following.
An internal combustion engine is coupled to and configured
to drive the electric generator.

[0023] Aspects of the example aircraft propulsion system,
which can be combined with the example aircraft propulsion
system alone or with other aspects, include the following.
The rotor is a first rotor, the electric stator is a first electric
stator, the housing is a first housing, and the sealed chamber
is a first sealed chamber. The aircraft propulsion system
further includes the following features. An electric motor
includes a second rotor and a second electric stator sur-
rounding and supporting the second rotor. A second housing
defines a second sealed chamber enclosing the second
electric stator and is configured to maintain an absolute
pressure of a gas within the second sealed chamber as an
aircraft with the electric motor changes altitude. A propeller
or fan is rotably coupled to the electric motor, the propeller
or fan is configured to be driven by the electric motor.

[0024] Aspects of the example aircraft propulsion system,
which can be combined with the example aircraft propulsion
system alone or with other aspects, include the following.
The first rotor or the second rotor includes a permanent
magnet rotor.

[0025] Aspects of the example aircraft propulsion system,
which can be combined with the example aircraft propulsion
system alone or with other aspects, include the following. A
pressure within the first sealed chamber or the second sealed
chamber is substantially one atmosphere or greater.

[0026] Aspects of the example aircraft propulsion system,
which can be combined with the example aircraft propulsion
system alone or with other aspects, include the following. A
pressure within the first sealed chamber or the second sealed
chamber is substantially a vacuum.

[0027] Aspects of the example aircraft propulsion system,
which can be combined with the example aircraft propulsion
system alone or with other aspects, include the following. A
controller is coupled to the electric motor and the electric
generator. The controller is configured to exchange electrical
current between the electric generator and the electric motor.

[0028] Aspects of the example aircraft propulsion system,
which can be combined with the example aircraft propulsion
system alone or with other aspects, include the following.
The controller is further configured to receive a pressure
stream or a dielectric stream from a sensor within the first
sealed chamber or the second sealed chamber. The controller
is further configured to, responsive to the pressure stream or
the dielectric stream, send a control signal to a compressor
to adjust the pressure within the first sealed chamber or the
second sealed chamber to achieve a desired dielectric value.
[0029] Aspects of the example aircraft propulsion system,
which can be combined with the example aircraft propulsion
system alone or with other aspects, include the following. A
battery or super capacitor is electrically coupled to the
electric generator and the electric motor. The battery or
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super capacitor is configured to store charge from the
electric generator and supply charge to the electric motor.
[0030] Aspects of the example aircraft propulsion system,
which can be combined with the example aircraft propulsion
system alone or with other aspects, include the following. A
gearbox is coupled to the electric motor and the propeller or
fan. The gearbox is configured to be driven by the electric
motor and drives the propeller or fan.

[0031] Aspects of the example aircraft propulsion system,
which can be combined with the example aircraft propulsion
system alone or with other aspects, include the following.
The electric motor or the electric generator include a pres-
sure port.

[0032] The aircraft electric machine described here with
an integrated non-metallic bore seal and metal housing
provides improved dielectric strength of the stator’s winding
region at variable atmospheric pressure and reduces fre-
quency of failures as a result of voltage breakdowns. The
integrated non-metallic bore seal and metal housing con-
taining the stator allows adjustment of the desired pressure
in the stator’s winding cavity at different operating altitudes.
In some implementations, the pressure within the stator’s
winding cavity is pressurized at substantially 1 atmosphere
or higher and delivers effective stator winding’s dielectric
performance at high altitudes. In some implementations, the
pressure within the stator’s winding cavity is kept at sub-
stantially a vacuum.

[0033] The details of one or more implementations are set
forth in the accompanying drawings and description. Other
features, objects, and advantages of these systems and
methods will be apparent from the description and drawings,
and from the claims.

DESCRIPTION OF DRAWINGS

[0034] FIG. 1A is a top-down schematic diagram of an
example aircraft.

[0035] FIG. 1B is a block diagram of an example propul-
sion system that can be used with an aircraft explained in
FIG. 1A.

[0036] FIG. 2A is a top-down schematic diagram of an
example aircraft.

[0037] FIG. 2B is a block diagram of an example propul-
sion system that can be used with an aircraft explained in
FIG. 1A.

[0038] FIG. 3 is a side-cross sectional view of an example
aircraft electric machine.

[0039] FIGS. 4A-4C are graphs illustrating the dielectric
properties of air at various pressures and gap widths. FIG.
4A is displayed with a standard scale while FIG. 4B is
displayed with a logarithmic scale. FIG. 4C illustrates a
pressure range approaching vacuum.

[0040] FIG. 5 is a schematic block diagram of a controller
that can be used with aspects of this disclosure.

[0041] Like reference symbols in the various drawings
indicate like elements.

DETAILED DESCRIPTION

[0042] This disclosure relates to controlling, adjusting,
and/or maintaining a pressure within an aircraft electric
machine in order to control, adjust, and/or maintain a
dielectric strength of stator windings within an aircraft
electric machine. The aircraft electric machine described
herein can be an electric motor or an electric generator and
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can be used to power electric vehicles such as electric
aircraft propulsion systems, urban air mobility (UAM), and
unmanned aerial vehicles (UAVs), or to provide electrical
power in the case of an electric generator. The aircraft
electric machine includes a rotor, a stator, and a metal
housing with an integrated non-metallic bore seal. The rotor
is the moving part while the stator is the stationary part of
the electric machine that, in some implementations, sur-
rounds and supports the rotor. The electrical stator includes
windings contained in a laminated magnetic steel core. The
electric machines operate through the interaction between
the stator’s magnetic field generated by electrical current
flowing through the windings and the rotor’s magnetic field
to generate a force in a form of a torque applied on the
machine’s rotor and shaft to turn the shaft and to deliver the
mechanical power. A housing, including an integrated bore
seal (e.g., a sealed chamber), encloses the electrical stator
and includes non-metallic materials, such as air or similar
gasses. In the context of this disclosure, a “sealed chamber”
is meant as a chamber that maintains a pressure within a
defined leakage rate. That is, minor leaks within the chamber
are acceptable so long as the pressure within the sealed
chamber is maintained within a desired range for the dura-
tion of a flight.

[0043] The aircraft electric machine described herein with
an enclosed stator winding cavity defined by a housing and
an integrated non-metallic bore seal provides improved
dielectric strength of the stator winding at variable atmo-
spheric pressure and prevents failures as a result of voltage
breakdowns. The integrated bore seal and housing maintain
a desired pressure around stator windings at various oper-
ating altitudes. In some implementations, the pressure
around the stator windings is maintained at substantially one
atmosphere or higher (plus or minus 20%) and delivers
effective dielectric performance between the stator windings
and the surrounding electrically conductive housing, and/or
other structures at high altitudes. In some implementations,
the pressure around the stator windings is maintained at
substantially a vacuum and delivers effective dielectric
performance between the stator windings and the surround-
ing electrically conductive housing, and/or other structures
at high altitudes.

[0044] FIG. 1A is a top-down schematic diagram of an
example aircraft 100a. An aircraft 100q includes a fuselage
110 which is the area at the front of the aircraft 100q, an
empennage 112 (tail assembly). A left wing 102 and a right
wing 104 are attached on either side of the fuselage 110, and
a main body frame 114 extends between the fuselage 110
and the empennage 112. A propulsion system 115 includes
an electric motor 106 and a propeller 108. While illustrated
as having a propeller 108, the propulsion system 115 can
include a variety of air movers, for example, a ducted fan or
a non-ducted fan, without departing from this disclosure. An
electric motor 106 is attached to the left-wing 102 of the
aircraft 100a and it helps propel the aircraft 100a. The
electric motor 106 is connected to the propeller 108 such that
the electric motor 106 drives the propeller 108. Many
different types of electric motors can be used without
departing from this disclosure. For example, permanent
magnet synchronous motors, field wound synchronous
motors, or inductive asynchronous motors can be used
without departing from this disclosure. A similar motor and
propeller arrangement is present on the opposite wing. In
some implementations, an additional propulsion system 115
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can be included in the fuselage 110. Please note, only a
propeller 108 is visible in the present figure and the subse-
quent motor is not shown. While illustrated as having a
single propulsion system 115 on each wing, greater or fewer
power plants can be used. For example, two to eight pro-
pulsion systems 115 can be present on each wing, or zero
power plants can be present on each wing. In the latter
implementation, a propulsion system 115 can still be
included within the fuselage to provide propulsion. While
illustrated as including a propulsion system 115 within the
fuselage, such an arrangement is optional. In other words, an
aircraft can include any number of propulsion systems 115
greater than zero, providing balanced propulsion, without
departing from this disclosure.

[0045] Insome implementations, energy storage 116 and a
controller 118 are placed in the main body frame 114,
fuselage 110, wings (102 and/or 104), or any other portion
of the aircraft 100a. The energy storage 116 and controller
118 at least partially power the aircraft 100a. FIG. 1B is a
block diagram of an example power plant 1005 that can be
used with an aircraft 100a and aircraft 300a (FIG. 2A). In
the power plant 1005 the energy storage 116 (e.g., battery,
super capacitor, or other DC supply) supplies stored energy
to the controller 118. The controller 118 then sends a drive
current to the electric motor 106 which then releases the
stored energy during operation to propel the aircraft 100q. In
some implementations, a gearbox 111 can be included
between the propeller 108 and the electric motor 106. The
gearbox 111 can be used to increase or decrease a rotational
speed of the propeller 108 relative to the rotational speed of
the electric motor 106. In some implementations, the gear-
box includes a fixed or a variable speed gearbox. In some
implementation, the gearbox can include a pulley, chain, or
fluid drive system.

[0046] FIG. 2A is a top-down schematic diagram of an
example aircraft 300q that includes an internal combustion
engine 304. The aircraft 300a includes similar features as
those described in reference to FIGS. 1A-1B with any
differences described herein. The aircraft 300a includes an
internal combustion engine 304 and an electric generator
302.

[0047] FIG. 2B is a block diagram of an example power
plant 3005 that can be used with aircraft 300a. The electric
generator 302 is driven by the internal combustion engine
304. The aircraft power plant 3005 includes a generator
controller 306 that is connected to an electric generator 302
and is configured to exchange electrical power between the
electric generator 302 and the energy storage 116. While
illustrated and described primarily as two separate control-
lers, in some implementations, the generator controller 306
and the controller 118 can be combined. The energy storage
116 is configured to store energy from the electric generator
302 and supply energy, for example, to the electric motor
106. Alternatively or in addition, a power distribution mani-
fold can be included in the example power plants 3005
and/or 1005. For example, a power distribution manifold can
connect the generator controller 306, the energy storage 116,
and the controller 118.

[0048] FIG. 3 is a side-cross sectional view of an example
aircraft electric machine 200. The aircraft electric machine
200 can be the electric motor 106 as described in reference
to FIGS. 1A-1B and/or as an electric generator 302 as
described in FIGS. 2A-2B. In some examples, the aircraft
electric machine 200 includes a rotor 202 (e.g., permanent
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magnet rotor, wound rotor, or squirrel cage induction rotor)
which is a moving part of the aircraft electric machine 200
and interacts with an electrical stator 208 to generate
mechanical or electrical power. The electrical stator 208 is a
stationary part that surrounds and, in some implementations,
supports the rotor 202. The electrical stator 208 includes
windings within a chamber 204 defined by the housing 206,
including the non-metallic bore seal 207. The aircraft elec-
tric machine 200 is operated at a varying altitudes which can
result in various ambient pressures. The change in pressure
due to the varying altitude during operation directly affects
the dielectric strength of an air gap between the stator’s
windings and the housing or surrounding electrically con-
ductive components. In some instances, such effects can
result in lowering the breakdown voltage of the air gap, and
eventual arcing between the stator windings and the housing
206. To reduce this risk, an absolute pressure of gas within
the chamber 204 is enclosed and retained by the housing
206. For example, at high altitude, the pressure within the
chamber 204, in some instances, is maintained at one
atmosphere or greater absolute pressure. A pressure port 210
is defined by the housing 206 and is configured to exchange
pressure between an interior (chamber 204) of and exterior
214 of the housing 206. The aircraft electric machine 200
also includes a valve 216 fluidically coupled to the pressure
port 210 and configured to regulate the pressure exchange
through the pressure port 210. The valve 216 can include a
ball valve, a globe valve, a needle valve, or any other valve
capable of maintaining pressure within the housing for a
duration of a flight. In some instances, at ground level, the
valve 216 is used to equalize the chamber 204 to ambient
(ground) pressure after each flight. In some instances, the
pressure port 210 is coupled to a compressor or a pump
configured to increase the pressure within the chamber 204.
In some implementations, the controller 118 described in
reference to FIG. 1B is in direct communication with the
aircraft electric machine 200 and actively regulates the
pump or compressor fluidically connected to the chamber
204. In some examples, such a pump or compressor can be
driven by the internal combustion engine 304 or the electric
motor 106.

[0049] In implementations where multiple aircraft electric
machines 200 are used (as generators and/or motors) on an
aircraft, each chamber 204 within each aircraft electric
machine 200 similarly maintains a pressure of substantially
one atmosphere or greater when the aircraft carrying the
electric machine is in flight at cruising altitudes, for
example, 30,000 feet. A pressure sensor 215 is included
within the chamber 204 to detect the pressure within the
chamber 204. The pressure sensor 215 produces a pressure
stream that is representative of a pressure within the cham-
ber 204. The pressure stream can include a digital or analog
stream that can be transmitted by electrical, pneumatic, or
hydraulic signals. The pressure sensor 215 is in direct
communication with a controller (118, 306, or both) that
receives the pressure stream from the pressure sensor 215. In
some implementations, in response to the pressure stream,
the controller (118, 306, or both) can send a control signal
to a compressor, pump, or valve 216 to adjust the pressure
within one or more chambers across one or more electric
machines for an optimal dielectric value. In some imple-
mentations, the dielectric strength of the stator’s windings
can be directly measured by a dielectric sensor. In such
implementations, the controller can receive a dielectric
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stream from the dielectric sensor, in addition to or in lieu of
the pressure stream from the pressure sensor 215, and can
react similarly as it would to the pressure stream.

[0050] FIGS. 4A-4C are graphs 400a, 4005, and 400c
illustrating the dielectric properties of air at various pres-
sures and gap widths. FIG. 4A is displayed with a standard
scale while FIG. 4B is displayed with a logarithmic scale.
The graphs 400a, 40056 show the relationship between a
breakdown voltage and a pressure at various air-gaps mea-
sured in millimeters. The air-gap represents the distance
between the electric stator’s windings and surrounding elec-
trically conductive components, such as the housing 206 or
the stator’s laminated steel core. As the air gap between the
stator’s windings and the electrically conductive compo-
nents increases, the breakdown voltage is at its highest. As
the air-gap decreases, the breakdown voltage also decreases.
At the higher pressure, the dielectric property between the
electrical stator 208 and the housing 206 improves. Simi-
larly, once the internal pressure of the chamber decreases to
be substantially vacuum, as seen in FIG. 4C, the dielectric
property between the electrical stator 208 and the housing
206 similarly improves. For the purposes of this disclosure,
“substantially vacuum™ is taken to mean a low enough
pressure to result in similar or better dielectric strength as is
provided by substantially one atmosphere or absolute pres-
sure. The aircraft electric machine described in reference to
FIGS. 1-3 maintains desirable pressure within the chamber
204 at different operating altitudes and reduces the likeli-
hood of failures as a result of arcing due to poor dielectric
conditions.

[0051] FIG. 5 is a block diagram 500 of an example
controller 502 that can be used within the context of this
disclosure. The controller 502 can be used as the controller
118, the controller 306, or both. The controller 502 can,
among other things, monitor parameters of the system and
send signals to actuate and/or adjust various operating
parameters of the example power plants 1005, 3005. As
shown in FIG. 5, the controller 502, in certain instances,
includes a processor 504 (e.g., implemented as one proces-
sor or multiple processors) and a memory 506 (e.g., imple-
mented as one memory or multiple memories) containing
instructions that cause the processor 504 to perform opera-
tions described herein. The processor 504 is coupled to an
input/output (1/0) interface 508 for sending and receiving
communications with components in the aircraft (100a or
300q), including, for example, an electric motor 106 or an
electric generator 302. In certain instances, the controller
502 can additionally communicate status with and send
actuation and/or control signals to one or more of the various
system components (for example, a pump or compressor to
pressurize the chamber 204, or an electric motor 106 or an
electric generator 302) of the aircraft (100a or 3004), as well
as with the pressure sensor 215, dielectric sensors, and other
types of sensors. In certain instances, the controller 502 can
communicate status and send actuation and control signals
to one or more of the components within the aircraft (100a
or 300q) or external to the aircraft (100a or 300a), such as
the compressor or the control pump. The communications
can be hard-wired, wireless, or a combination of wired and
wireless. In some implementations, the controller 502 can be
a distributed controller with different portions located about
the aircraft. For example, in certain instances, the controller
502 can be located within the fuselage 110, or it can be
located within one or both of the wings (102 and/or 104).
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Additional controllers can be used throughout the aircraft as
stand-alone controllers or networked controllers without
departing from this disclosure. The controller 502 can oper-
ate in monitoring, commanding, and maintaining pressure in
the chambers 204 of the aircraft (100a or 300a). In some
implementations, to monitor the pressure and/or dielectric,
the controller 502 is used in conjunction with a sensor, such
as pressure sensor 215. Input and output signals, including
the data from the sensor, is controlled and monitored by the
controller 502, and can be logged continuously by controller
502.

[0052] In operation, the aircraft electric machine 200
maintains a pressure at a first altitude within a sealed
chamber 204 that encloses the electrical stator 208. The
chamber is defined by the housing 206, which includes the
non-metallic bore seal 207. The aircraft electric machine 200
maintains the pressure within the sealed chamber 204 at a
second altitude. In some instances, the second altitude is
different from the first altitude. For example, the first altitude
may be at ground level while the second altitude may be at
a designated cruising flight altitude. In implementations with
a generator, such as electric generator 302, the electric
generator 302 can be driven by the internal combustion
engine 304. In implementations that include an electric
motor, such as electric motor 106, a propeller 108 can be
driven directly (for example, directly coupled by a single
shaft) or indirectly (for example, through the gearbox 111)
by the electric motor 106. Pressure is received by the
chamber 204 through the pressure port 210 in the housing
206. The pressure port 210 is sealed by a valve 216 fluidi-
cally connected to the pressure port 210. The pressure is
maintained within the chamber 204 at the first altitude and
the second altitude. In some implementations, the pressure
within the chamber 204 is maintained to be greater than a
pressure outside the housing 206 when the aircraft electric
machine 200 is at the second altitude, that is, when the
aircraft carrying the aircraft electric machine 200 is in flight.
In some implementations, the pressure within the chamber
204 is maintained to be substantially a vacuum. The system
maintains a breakdown voltage above a desired threshold by
maintaining pressure within the chamber 204. In some
implementations, the pressure within the chamber 204 can
be dynamically controlled. In such implementations, a con-
troller, such as controller 306 or 118, receives a pressure
stream from a pressure sensor 215 within the chamber 204.
Responsive to the received pressure stream, the controller
306 or 118 can then adjust the pressure within the chamber
204 to achieve the desired dielectric property by sending a
control signal to a pump, compressor, or the valve 216.

[0053] While this disclosure contains many specific
implementation details, these should not be construed as
limitations on the scope of what may be claimed, but rather
as descriptions of features that may be specific to particular
implementations. Certain features that are described in this
disclosure in the context of separate implementations can
also be implemented, in combination, in a single implemen-
tation. Conversely, various features that are described in the
context of a single implementation can also be implemented
in multiple implementations, separately, or in any suitable
sub-combination. Moreover, although previously described
features may be described as acting in certain combinations
and even initially claimed as such, one or more features from
a claimed combination can, in some cases, be excised from
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the combination, and the claimed combination may be
directed to a sub-combination or variation of a sub-combi-
nation.

[0054] Particular implementations of the subject matter
have been described. Other implementations, alterations,
and permutations of the described implementations are
within the scope of the following claims as will be apparent
to those skilled in the art. While operations are depicted in
the drawings or claims in a particular order, this should not
be understood as requiring that such operations be per-
formed in the particular order shown or in sequential order,
or that all illustrated operations be performed (some opera-
tions may be considered optional), to achieve desirable
results.

[0055] Moreover, the separation or integration of various
system modules and components in the previously described
implementations should not be understood as requiring such
separation or integration in all implementations, and it
should be understood that the described components and
systems can generally be integrated together in a single
product or packaged into multiple products.

[0056] Accordingly, the previously described example
implementations do not define or constrain the present
disclosure. Other changes, substitutions, and alterations are
also possible without departing from the spirit and scope of
the present disclosure.

[0057] A number of implementations of these systems and
methods have been described. Nevertheless, it will be under-
stood that various modifications may be made without
departing from the spirit and scope of this disclosure.
Accordingly, other implementations are within the scope of
the following claims.

What is claimed is:

1. An aircraft electric machine comprising:

a rotor;

an electric stator surrounding and supporting the rotor;

and

a housing defining a sealed chamber enclosing the electric

stator and configured to maintain an absolute pressure
of a gas within the chamber as an aircraft with the
aircraft electric machine changes altitude.

2. The aircraft electric machine of claim 1, wherein the
housing comprises a bore seal between the stator and the
rotor, the bore seal comprising a non-metallic material, the
bore seal defining a portion of the sealed chamber.

3. The aircraft electric machine of claim 1, wherein the
housing comprises:

a pressure port configured to exchange pressure between

an interior of and exterior of the chamber; and

a valve fluidically coupled to the pressure port, the valve

configured to regulate pressure exchange through the
pressure port.

4. The aircraft electric machine of claim 3, further com-
prising a pump or compressor coupled to the pressure port.

5. The aircraft electric machine of claim 4, further com-
prising a controller configured to control the pump or
compressor responsive to a pressure within the chamber.

6. The aircraft electric machine of claim 1, wherein the
rotor comprises a permanent magnet rotor.

7. The aircraft electric machine of claim 1, wherein the
aircraft electric machine is coupled to a propeller or fan such
that the aircraft electric machine drives the propeller or fan.

8. The aircraft electric machine of claim 1, wherein the
aircraft electric machine is coupled to an internal combus-
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tion engine such that the aircraft electric machine is driven
by the internal combustion engine.
9. A method comprising:
maintaining a pressure at a first altitude within a sealed
chamber, enclosing an electric stator, defined by a
housing of an aircraft electric machine; and

maintaining the pressure at a second altitude, within the
sealed chamber, the second altitude being different
from the first altitude.

10. The method of claim 9, further comprising driving the
electric machine by an internal combustion engine.

11. The method of claim 9, further comprising driving a
propeller or fan by the electric machine.

12. The method of claim 9, further comprising:

receiving the pressure by the chamber through a port in

the housing; and

sealing the port by a valve fluidically connected to the

port.

13. The method of claim 9, wherein maintaining the
pressure within the chamber at the first altitude and the
second altitude comprises maintaining the pressure within
the chamber to be greater than a pressure outside the housing
when the electric machine is at altitude.

14. The method of claim 13, wherein the pressure within
the chamber is substantially one atmosphere absolute pres-
sure or greater.

15. The method of claim 9, wherein the pressure within
the chamber is substantially a vacuum.

16. The method of claim 9, further comprising maintain-
ing a breakdown voltage above a desired threshold by the
maintained pressure within the chamber.

17. The method of claim 9, further comprising:

receiving a pressure stream from a pressure sensor within

the chamber; and

responsive to the pressure stream, adjusting the pressure

within the chamber to achieve a desired dielectric
property.

18. An aircraft propulsion system comprising:

an electric generator comprising:

a rotor;

an electric stator surrounding and supporting the rotor;
and

a housing defining a sealed chamber enclosing the
electric stator, the housing comprising a bore seal
between the stator and the rotor, the bore seal com-
prising a non-metallic material, the bore seal defin-
ing a portion of the sealed chamber, the housing
configured to maintain an absolute pressure of a gas
within the chamber as an aircraft with the electric
generator changes altitude.

19. The aircraft propulsion system of claim 18, further
comprising an internal combustion engine coupled to and
configured to drive the electric generator.
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20. The aircraft propulsion system of claim 18, wherein
the rotor is a first rotor, the electric stator is a first electric
stator, the housing is a first housing, and the sealed chamber
is a first sealed chamber, the aircraft propulsion system
further comprising:

an electric motor comprising:

a second rotor;

a second electric stator surrounding and supporting the
second rotor; and

a second housing defining a second sealed chamber
enclosing the second electric stator and configured to
maintain an absolute pressure of a gas within the
second sealed chamber as an aircraft with the electric
motor changes altitude; and

a propeller or fan rotably coupled to the electric motor, the

propeller or fan configured to be driven by the electric
motor.

21. The aircraft propulsion system of claim 20, wherein
the first rotor or the second rotor comprises a permanent
magnet rotor.

22. The aircraft propulsion system of claim 20, wherein a
pressure within the first sealed chamber or the second sealed
chamber is substantially one atmosphere or greater.

23. The aircraft propulsion system of claim 20, wherein a
pressure within the first sealed chamber or the second sealed
chamber is substantially a vacuum.

24. The aircraft propulsion system of claim 20 further
comprising a controller coupled to the electric motor and the
electric generator, the controller configured to:

exchange electrical current between the electric generator

and the electric motor.

25. The aircraft propulsion system of claim 24, wherein
the controller is further configured to:

receive a pressure stream or a dielectric stream from a

sensor within the first sealed chamber or the second
sealed chamber; and

responsive to the pressure stream or the dielectric stream,

send a control signal to a compressor to adjust the
pressure within the first sealed chamber or the second
sealed chamber to achieve a desired dielectric value.

26. The aircraft propulsion system of claim 20, further
comprising a battery or super capacitor electrically coupled
to the electric generator and the electric motor, the battery or
super capacitor configured to store charge from the electric
generator and supply charge to the electric motor.

27. The aircraft propulsion system of claim 20, further
comprising a gearbox coupled to the electric motor and the
propeller or fan, the gearbox configured to be driven by the
electric motor and drive the propeller or fan.

28. The aircraft propulsion system of claim 20, wherein
the electric motor or the electric generator comprise a
pressure port.



