I*I Innovation, Sciences et Innovation, Science and CA 3033209 C 2021/06/15

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 033 209
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépo6t PCT/PCT Filing Date: 2017/08/22 (51) ClInt./Int.Cl. B64D 27/02(2006.01),
(87) Date publication PCT/PCT Publication Date: 2018/03/01 H02J 1/10(2006.01), HO2J 4/00(2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2021/06/15 KUPISZEWSKI, THOMAS, US:
(85) Entrée phase nationale/National Entry: 2019/02/06 MILLER, BRANDON WAYNE, US;
®6) N° demande PCT/PCT Application No.: US 2017/048000 VONDRELL, RANDY M., US

(87) N° publication PCT/PCT Publication No.; 2018/039222 (73) Propriétaire/Owner:

o GENERAL ELECTRIC COMPANY, US
(30) Priorité/Priority: 2016/08/22 (US15/242,844)
(74) Agent: CRAIG WILSON AND COMPANY

(54) Titre : SYSTEME DE PROPULSION ELECTRIQUE
(54) Title: ELECTRIC PROPULSION SYSTEM

10 1/5“ 104
'/353 260
584

/354 // e 3604 354w

+£~/Vnc ~J +/-Yae

sl T - N »

Ak=1h | w =%
¢ \ - 2 - Ay
108 3!56'/ + Ve v N /e ) jugp

38y 2 34 (3608

(57) Abrégé/Abstract:

A propulsion system includes an electric propulsor and a gas turbine engine. The propulsion system also includes an electric
machine coupled to a rotary component of the gas turbine engine generating a voltage at a baseline voltage magnitude during
operation of the gas turbine engine. An electric communication bus is provided electrically connecting the electric machine to the
electric propulsor. The propulsion system additionally includes a means for providing a differential voltage to the electric propulsor
equal to about twice the baseline voltage magnitude.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



wo 2018/039222 A1 | 0000 OO

CA 03033209 2019-02-06

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property 3

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2018/039222 A1l

01 March 2018 (01.03.2018) WIPOI|PCT

(51) International Patent Classification:

B64D 27/02 (2006.01) HO02J 4/00 (2006.01)
H02J 1/10 (2006.01) 74)
(21) International Application Number:
PCT/US2017/048000
(22) International Filing Date: 81)
22 August 2017 (22.08.2017)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
15/242,844 22 August 2016 (22.08.2016) Us

(71) Applicant: GENERAL ELECTRIC COMPANY
[US/US]; 1 River Road, Schenectady, NY 12345 (US).

(72) Inventors: KUPISZEWSKI, Thomas; One Neumann
Way, Cincinnati, OH 45215 (US). MILLER, Brandon, (84)
Wayne; One Neumann Way, Cincinnati, OH 45215 (US).

VONDRELL, Randy, M.; 1 Neumann Way, Cincinnati,
OH 45215 (US).

Agent: MUNNERLYN, William, S. et al.; General Elec-
tric Company, Global Patent Operation, 901 Main Avenue,
3rd Floor, Norwalk, CT 06851 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,

(54) Title: ELECTRIC PROPULSION SYSTEM

102 2/58 104
3
~ 358 350
354 Tonm 3604 '/ 954
/ +¥de
ﬂ,ﬂ Vne o Iy +/- Yue }
Y . D
P Yde — !
AER | s A=
ogh o7 e v o /Vec ) Lugg
356 254
ey W 3608
- 34 B
o
| 366 368
Ny N aey
(e 1y
2 Sxaal
H “\»_/,
| am
=
L
186

I

TN

“ FIG. 10
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electric machine coupled to a rotary component of the gas turbine engine generating a voltage at a baseline voltage magnitude during

operation of the gas turbine engine. An electric communication bus is

provided electrically connecting the electric machine to the

electric propulsor. The propulsion system additionally includes a means for providing a ditferential voltage to the electric propulsor

equal to about twice the baseline voltage magnitude.
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ELECTRIC PROPULSION SYSTEM

FIELD OF THE INVENTION

[0001] The present subject matter relates generally to an electric propulsion system for an

aeronautical device.

BACKGROUND OF THE INVENTION

[0002] Typical aircraft propulsion systems include one or more gas turbine engines. For
certain propulsion systems, the gas turbine engines generally include a fan and a core arranged in
flow communication with one another. Additionally, the core of the gas turbine engine general
includes, in serial flow order, a compressor section, a combustion section, a turbine section, and
an exhaust section. In operation, air is provided from the fan to an inlet of the compressor
section where one or more axial compressors progressively compress the air until it reaches the
combustion section. Fuel is mixed with the compressed air and burned within the combustion
section to provide combustion gases. The combustion gases are routed from the combustion
section to the turbine section. The flow of combustion gasses through the turbine section drives

the turbine section and is then routed through the exhaust section, e.g., to atmosphere.

[0003] For certain aircraft, it may be beneficial for the propulsion system to include an
electric fan to supplement propulsive power provided by the one or more gas turbine engines
included with the propulsion system. However, providing the aircraft with a sufficient amount of
energy storage devices to power the electric fan may be space and weight prohibitive. Notably,
certain gas turbine engines may include auxiliary generators positioned, e.g., within a cowling of
the gas turbine engine. However, these auxiliary generators are not configured to provide a

sufficient amount of electrical power to adequately drive the electric fan.

[0004] Accordingly, a propulsion system for an aircraft having one or more gas turbine
engines and electric generators capable of providing an electric fan, or other electric propulsor,

with a desired amount of electrical power would be useful.
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BRIEF DESCRIPTION OF THE INVENTION

[0005] Aspects and advantages of the invention will be set forth in part in the following
description, or may be obvious from the description, or may be learned through practice of the

invention.

[0006] In one exemplary embodiment of the present disclosure, a propulsion system for an
aeronautical device is provided. The propulsion system includes an electric propulsor and a gas
turbine engine including a compressor section, a turbine section, and a rotary component
rotatable with at least a portion of the compressor section and with at least a portion of the
turbine. The propulsion system additionally includes an electric machine coupled to the rotary
component of the gas turbine engine, the electric machine generating a voltage at a baseline
voltage magnitude during operation of the gas turbine engine. The propulsion system also
includes an electric communication bus electrically connecting the electric machine to the
electric propulsor. The propulsion system also includes a means for providing a differential

voltage to the electric propulsor equal to about twice the baseline voltage magnitude.

[0007] In another exemplary embodiment of the present disclosure, a propulsion system for
an aeronautical device is provided. The propulsion system includes an electric propulsor, a first
gas turbine engine including a rotary component, and a first electric machine coupled to the
rotary component of the first gas turbine engine. The first electric machine is a center-tapped to
ground AC electric generator. The propulsion system additionally includes a second gas turbine
engine including a rotary component and a second electric machine coupled to the rotary
component of the second gas turbine engine. The second electric machine is a center-tapped to
ground AC electric generator. The propulsion system also includes an electric communication
bus electrically connecting the first electric machine and second electric machine to the electric
propulsor. The electric communication bus includes at least one AC-to-DC converter for
converting an AC voltage from the first electric machine and an AC voltage from the second
electric machine to a positive DC voltage and a negative DC voltage for powering the electric

propulsor.

[0008] In yet another exemplary embodiment of the present disclosure, a propulsion system
for an aeronautical device is provided. The propulsion system includes an electric propulsor, a
first gas turbine engine including a rotary component, and a first electric machine coupled to the
rotary component of the first gas turbine engine. The first electric machine is a DC electric

generator configured to generate a positive DC voltage. The propulsion system also includes a
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second gas turbine engine including a rotary component, and a second electric machine coupled
to the rotary component of the second gas turbine engine. The second electric machine is a DC
electric generator configured to generate a negative DC voltage. The propulsion system also
includes an electric communication bus electrically connecting the first electric machine and
second electric machine to the electric propulsor to provide the electric propulsor a net

differential voltage equal to about twice a magnitude of the positive DC voltage.

[0009] These and other features, aspects and advantages of the present invention will
become better understood with reference to the following description and appended claims. The
accompanying drawings illustrate embodiments of the invention and, together with the

description, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A full and enabling disclosure of the present invention, including the best mode
thereof, directed to one of ordinary skill in the art, is set forth in the specification, which makes

reference to the appended figures, in which:

[0011] FIG. 1 is a top view of an aircraft according to various exemplary embodiments of

the present disclosure.
[0012] FIG. 2 is a port side view of the exemplary aircraft of FIG. 1

[0013] FIG. 3 is a schematic, cross-sectional view of a gas turbine engine in accordance

with an exemplary aspect of the present disclosure.

[0014] FIG. 4 is a schematic, cross-sectional view of an electric machine embedded in a gas

turbine engine in accordance with an exemplary embodiment of the present disclosure.

[0015] FIG. 5 is a schematic, cross-sectional view of an electric machine embedded in a gas

turbine engine in accordance with another exemplary embodiment of the present disclosure.

[0016] FIG. 6 is a close-up, cross-sectional view of an electric cable positioned within a

cooling conduit in accordance with an exemplary embodiment of the present disclosure.

Date Regue/Date Received 2020-05-22



CA 03033209 2019-02-06

WO 2018/039222 PCT/US2017/048000

[0017] FIG. 7 is a schematic, cross-sectional view of an electric machine embedded in a gas

turbine engine in accordance with yet another exemplary embodiment of the present disclosure.

[0018] FIG. 8 is a schematic, cross-sectional view of an electric machine embedded in a gas

turbine engine in accordance with still another exemplary embodiment of the present disclosure.

[0019] FIG. 9 is a close-up, cross-sectional view of an electric cable in accordance with an

exemplary embodiment of the present disclosure.

[0020] FIG. 10 is a schematic view of a propulsion system in accordance with an exemplary

embodiment of the present disclosure.

[0021] FIG. 11 is a schematic view of an electric machine in accordance with an exemplary

embodiment of the present disclosure.

[0022] FIG. 12 is a schematic view of an electric machine in accordance with another

exemplary embodiment of the present disclosure.

[0023] FIG. 13 is a schematic view of an electric machine in accordance with yet another

exemplary embodiment of the present disclosure.

[0024] FIG. 14 is a schematic view of an AC-to-DC voltage converter in accordance with an

exemplary embodiment of the present disclosure.

[0025] FIG. 15 is a schematic view of a propulsion system in accordance with another

exemplary embodiment of the present disclosure.

[0026] FIG. 16 is a schematic, cross-sectional view of a gas turbine engine in accordance

with another exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Reference will now be made in detail to present embodiments of the invention, one or
more examples of which are illustrated in the accompanying drawings. The detailed description
uses numerical and letter designations to refer to features in the drawings. Like or similar
designations in the drawings and description have been used to refer to like or similar parts of
the invention. As used herein, the terms “first”, “second”, and “third” may be used

interchangeably to distinguish one component from another and are not intended to signify
4
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location or importance of the individual components. The terms “forward” and “aft” refer to
relative positions within a gas turbine engine, with forward referring to a position closer to an
engine inlet and aft referring to a position closer to an engine nozzle or exhaust. The terms
“upstream” and “downstream” refer to the relative direction with respect to fluid flow in a fluid
pathway. For example, “upstream” refers to the direction from which the fluid flows, and

“downstream” refers to the direction to which the fluid flows.

[0028] Referring now to the drawings, wherein identical numerals indicate the same
elements throughout the figures, FIG. 1 provides a top view of an exemplary aircraft 10 as may
incorporate various embodiments of the present invention. FIG. 2 provides a port side view of
the aircraft 10 as illustrated in FIG. 1. As shown in FIGS. 1 and 2 collectively, the aircraft 10
defines a longitudinal centerline 14 that extends therethrough, a vertical direction V, a lateral
direction L, a forward end 16, and an aft end 18. Moreover, the aircraft 10 defines a mean line
15 extending between the forward end 16 and aft end 18 of the aircraft 10. As used herein, the
“mean line” refers to a midpoint line extending along a length of the aircraft 10, not taking into

account the appendages of the aircraft 10 (such as the wings 20 and stabilizers discussed below).

[0029] Moreover, the aircraft 10 includes a fuselage 12, extending longitudinally from the
forward end 16 of the aircraft 10 towards the aft end 18 of the aircraft 10, and a pair of wings 20.
As used herein, the term “fuselage” generally includes all of the body of the aircraft 10, such as
an empennage of the aircraft 10. The first of such wings 20 extends laterally outwardly with
respect to the longitudinal centerline 14 from a port side 22 of the fuselage 12 and the second of
such wings 20 extends laterally outwardly with respect to the longitudinal centerline 14 from a
starboard side 24 of the fuselage 12. Each of the wings 20 for the exemplary embodiment
depicted includes one or more leading edge flaps 26 and one or more trailing edge flaps 28. The
aircraft 10 further includes a vertical stabilizer 30 having a rudder flap 32 for yaw control, and a
pair of horizontal stabilizers 34, each having an elevator flap 36 for pitch control. The fuselage
12 additionally includes an outer surface or skin 38. It should be appreciated however, that in
other exemplary embodiments of the present disclosure, the aircraft 10 may additionally or
alternatively include any other suitable configuration of stabilizer that may or may not extend

directly along the vertical direction V or horizontal/ lateral direction L.

[0030] The exemplary aircraft 10 of FIGS. 1 and 2 includes a propulsion system 100, herein
referred to as “system 100”. The exemplary system 100 includes one or more aircraft engines
and one or more electric propulsion engines. For example, the embodiment depicted includes a

plurality of aircraft engines, each configured to be mounted to the aircraft 10, such as to one of

S
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the pair of wings 20, and an electric propulsion engine. More specifically, for the embodiment
depicted, the aircraft engines are configured as gas turbine engines, or rather as turbofan jet
engines 102, 104 attached to and suspended beneath the wings 20 in an under-wing
configuration. Additionally, the electric propulsion engine is configured to be mounted at the aft
end of the aircraft 10, and hence the electric propulsion engine depicted may be referred to as an
“aft engine.” Further, the electric propulsion engine depicted is configured to ingest and
consume air forming a boundary layer over the fuselage 12 of the aircraft 10. Accordingly, the
exemplary aft engine depicted may be referred to as a boundary layer ingestion (BLI) fan 106.
The BLI fan 106 is mounted to the aircraft 10 at a location aft of the wings 20 and/or the jet
engines 102, 104. Specifically, for the embodiment depicted, the BLI fan 106 is fixedly
connected to the fuselage 12 at the aft end 18, such that the BLI fan 106 is incorporated into or
blended with a tail section at the aft end 18, and such that the mean line 15 extends therethrough.
It should be appreciated, however, that in other embodiments the electric propulsion engine may
be configured in any other suitable manner, and may not necessarily be configured as an aft fan

or as a BLI fan.

[0031] Referring still to the embodiment of FIGS. 1 and 2, in certain embodiments the
propulsion system further includes one or more electric generators 108 operable with the jet
engines 102, 104. For example, one or both of the jet engines 102, 104 may be configured to
provide mechanical power from a rotating shaft (such as an LP shaft or HP shaft) to the electric
generators 108. Although depicted schematically outside the respective jet engines 102, 104, in
certain embodiments, the electric generators 108 may be positioned within a respective jet
engine 102, 104. Additionally, the electric generators 108 may be configured to convert the
mechanical power to electrical power. For the embodiment depicted, the propulsion system 100
includes an electric generator 108 for each jet engine 102, 104, and also includes a power
conditioner 109 and an energy storage device 110. The electric generators 108 may send
electrical power to the power conditioner 109, which may transform the electrical energy to a
proper form and either store the energy in the energy storage device 110 or send the electrical
energy to the BLI fan 106. For the embodiment depicted, the electric generators 108, power
conditioner 109, energy storage device 110, and BLI fan 106 are all are connected to an electric
communication bus 111, such that the electric generator 108 may be in electrical communication
with the BLI fan 106 and/or the energy storage device 110, and such that the electric generator
108 may provide electrical power to one or both of the energy storage device 110 or the BLI fan
106. Accordingly, in such an embodiment, the propulsion system 100 may be referred to as a

gas-electric propulsion system.
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[0032] It should be appreciated, however, that the aircraft 10 and propulsion system 100
depicted in FIGS. 1 and 2 is provided by way of example only and that in other exemplary
embodiments of the present disclosure, any other suitable aircraft 10 may be provided having a
propulsion system 100 configured in any other suitable manner. For example, it should be
appreciated that in various other embodiments, the BLI fan 106 may alternatively be positioned
at any suitable location proximate the aft end 18 of the aircraft 10. Further, in still other
embodiments the electric propulsion engine may not be positioned at the aft end of the aircraft
10, and thus may not be configured as an “aft engine.” For example, in other embodiments, the
electric propulsion engine may be incorporated into the fuselage of the aircraft 10, and thus
configured as a “podded engine,” or pod-installation engine. Further, in still other embodiments,
the electric propulsion engine may be incorporated into a wing of the aircraft 10, and thus may
be configured as a “blended wing engine.” Moreover, in other embodiments, the electric
propulsion engine may not be a boundary layer ingestion fan, and instead may be mounted at any
suitable location on the aircraft 10 as a freestream injection fan. Furthermore, in still other
embodiments, the propulsion system 100 may not include, e.g., the power conditioner 109 and/or
the energy storage device 110, and instead the generator(s) 108 may be directly connected to the

BLI fan 106.

[0033] Referring now to FIG. 3, a schematic cross-sectional view of a propulsion engine in
accordance with an exemplary embodiment of the present disclosure is provided. In certain
exemplary embodiments, the propulsion engine may be configured a high-bypass turbofan jet
engine 200, herein referred to as “turbofan 200.” Notably, in at least certain embodiments, the
jet engines 102, 104 may be also configured as high-bypass turbofan jet engines. In various
embodiments, the turbofan 200 may be representative of jet engines 102, 104. Alternatively,
however, in other embodiments, the turbofan 200 may be incorporated into any other suitable

aircraft 10 or propulsion system 100.

[0034] As shown in FIG. 3, the turbofan 200 defines an axial direction A (extending parallel
to a longitudinal centerline 201 provided for reference), a radial direction R, and a
circumferential direction C (extending about the axial direction A; not depicted in FIG. 3). In
general, the turbofan 200 includes a fan section 202 and a core turbine engine 204 disposed

downstream from the fan section 202.

[0035] The exemplary core turbine engine 204 depicted generally includes a substantially
tubular outer casing 206 that defines an annular inlet 208. The outer casing 206 encases, in

serial flow relationship, a compressor section including a booster or low pressure (LP)

7
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compressor 210 and a high pressure (HP) compressor 212; a combustion section 214; a turbine
section including a high pressure (HP) turbine 216 and a low pressure (LP) turbine 218; and a jet
exhaust nozzle section 220. The compressor section, combustion section 214, and turbine
section together define a core air flowpath 221 extending from the annular inlet 208 through the
LP compressor 210, HP compressor 212, combustion section 214, HP turbine section 216, LP
turbine section 218 and jet nozzle exhaust section 220. A high pressure (HP) shaft or spool 222
drivingly connects the HP turbine 216 to the HP compressor 212. A low pressure (LP) shaft or
spool 224 drivingly connects the LP turbine 218 to the LP compressor 210.

[0036] For the embodiment depicted, the fan section 202 includes a variable pitch fan 226
having a plurality of fan blades 228 coupled to a disk 230 in a spaced apart manner. As depicted,
the fan blades 228 extend outwardly from disk 230 generally along the radial direction R. Each
fan blade 228 is rotatable relative to the disk 230 about a pitch axis P by virtue of the fan blades
228 being operatively coupled to a suitable actuation member 232 configured to collectively
vary the pitch of the fan blades 228 in unison. The fan blades 228, disk 230, and actuation
member 232 are together rotatable about the longitudinal axis 12 by LP shaft 224 across a power
gear box 234. The power gear box 234 includes a plurality of gears for stepping down the

rotational speed of the LP shaft 224 to a more efficient rotational fan speed.

[0037] Referring still to the exemplary embodiment of FIG. 3, the disk 230 is covered by
rotatable front hub 236 aerodynamically contoured to promote an airflow through the plurality of
fan blades 228. Additionally, the exemplary fan section 202 includes an annular fan casing or
outer nacelle 238 that circumferentially surrounds the fan 226 and/or at least a portion of the core
turbine engine 204. The nacelle 238 is supported relative to the core turbine engine 204 by a
plurality of circumferentially-spaced outlet guide vanes 240. A downstream section 242 of the
nacelle 238 extends over an outer portion of the core turbine engine 204 so as to define a bypass

airflow passage 244 therebetween.

[0038] Although not depicted, the variety of rotatory components of the turbofan engine 10
(e.g., LP shaft 224, HP shaft 222, fan 202) may be supported by one or more oil lubricated
bearings. The turbofan engine 10 depicted includes a lubrication system 245 for providing one
or more of the oil lubricated bearings with lubrication oil. Further, the lubrication system 245
may include one or more heat exchangers for transferring heat from the lubrication oil with, e.g.,

bypass air, bleed air, or fuel.
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[0039] Additionally, the exemplary turbofan 200 depicted includes an electric machine 246
rotatable with the fan 226. Specifically, for the embodiment depicted, the electric machine 246
is configured as an electric generator co-axially mounted to and rotatable with the LP shaft 224
(the LP shaft 224 also rotating the fan 226 through, for the embodiment depicted, the power
gearbox 234). As used herein, “co-axially” refers to the axes being aligned. It should be
appreciated, however, that in other embodiments, an axis of the electric machine 246 may be
offset radially from the axis of the LP shaft 224 and further may be oblique to the axis of the LP
shaft 224, such that the electric machine 246 may be positioned at any suitable location at least

partially inward of the core air flowpath 221.

[0040] The electric machine 246 includes a rotor 248 and a stator 250. In certain exemplary
embodiments, the rotor 248 and stator 250 of the electric machine 246 are configured in
substantially the same manner as the exemplary rotor and stator of the electric machine described
below. Notably, when the turbofan engine 200 is integrated into the propulsion system 100
described above with reference to FIGS. 1 and 2, the electric generators 108 may be configured

in substantially the same manner as the electric machine 246 of FIG. 3.

[0041] It should be also appreciated, however, that the exemplary turbofan engine 200
depicted in FIG. 3 is provided by way of example only, and that in other exemplary
embodiments, the turbofan engine 200 may have any other suitable configuration. For example,
in other exemplary embodiments, the turbofan engine 200 may be configured as a turboprop
engine, a turbojet engine, a differently configured turbofan engine, or any other suitable gas

turbine engine.

[0042] Referring now to FIG. 4, an electric machine 246 embedded within a gas turbine
engine in accordance with an exemplary embodiment of the present disclosure is depicted. More
particularly, for the embodiment depicted, the electric machine 246 is embedded within a turbine
section of the gas turbine engine, and more particularly still, is attached to an LP shaft 224 of the
gas turbine engine. Additionally, the electric machine 246 is positioned at least partially within
or aft of the turbine section along an axial direction A. In certain exemplary embodiments, the
electric machine 246 and gas turbine engine depicted in FIG. 4 may be configured in
substantially the same manner as the exemplary electric machine 246 and turbofan engine 200
described above with reference to FIG. 3. Accordingly, the same or similar numbers may refer to

the same or similar parts.
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[0043] As is depicted, the electric machine 246 generally includes a rotor 248 and a stator
250. The rotor 248 is attached via a plurality of rotor connection members 252 directly to the LP
shaft 224, such that the rotor 248 is rotatable with the LP shaft 224. By contrast, the stator 250 is
attached via one or more stator connection members 254 to a structural support member 256 of
the turbine section. In at least certain exemplary embodiments, the electric machine 246 may be
an electric generator, such that the rotor 248, and rotor connection members 252, are driven by
the LP shaft 224. With such an embodiment, a rotation of the rotor 248 relative to the stator 250
may generate electrical power, which may be transferred via an electric communication bus 258,

discussed in greater detail below.

[0044] It should be appreciated, however, that in other exemplary embodiments, the electric
machine 246 may instead have any other suitable configuration. For example, in other
embodiments the electric machine 246 may include the rotor 248 located radially inward of the

stator 250 (e.g., as an in-running electric machine).

[0045] Referring still to the exemplary electric machine 246 of FIG. 4, the structural support
member 256 may be configured as part of an aft frame assembly 257 and extends from an aft
frame strut 258 of the aft frame assembly 257 of the gas turbine engine. The aft strut 258 extends
through the core air flowpath 221 of the gas turbine engine, and is configured to provide
structural support for the gas turbine engine. The structural support member 256 also extends
forward to support an aft engine bearing 262—the aft engine bearing 262 rotatably supporting an
aft end of the LP shaft 224.

[0046] The stator connection member 254 may be an annular/cylindrical member extending
from the structural support member 256 of the gas turbine engine. For the embodiment depicted,
the stator connection member 254 supports rotation of the plurality of rotor connection members
252 through one or more bearings. More specifically, a forward electric machine bearing 264 is
positioned forward of the electric machine 246 and between the rotor connection member 252
and the stator connection member 254 along a radial direction R. Similarly, an aft electric
machine bearing 266 1s positioned aft of the electric machine 246 and between the rotor
connection member 252 and the stator connection member 254 along the radial direction R.
Particularly for the embodiment depicted, the forward electric machine bearing 264 is configured
as a roller element bearing and the aft electric machine bearing 266 includes a pair of bearings,
the pair of bearings configured as a roller element bearing and a ball bearing. It should be

appreciated, however, that the forward and aft electric machine bearings 264, 266 may in other

10
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embodiments, have any other suitable configuration and the present disclosure is not intended to

be limited to the specific configuration depicted, unless such limitations are added to the claims.

[0047] The gas turbine engine further includes a cavity wall 268 surrounding at least a
portion of the electric machine 246. More specifically, for the embodiment depicted, the cavity
wall 268 substantially completely surrounds electric machine 246, extending from a location
forward of the electric machine 246 (attached to the structural support member 256, through the
stator connection member 254) to a location aft of the electric machine 246. The cavity wall 268
defines at least in part an electric machine sump 270 substantially completely surrounding the
electric machine 246. More specifically, the electric machine sump 270 extends from a location
forward of the electric machine 246 continuously to a location aft of the electric machine 246.
Certain components of the gas turbine engine include openings 272 to allow for such a

continuous extension of the electric machine sump 270.

[0048] Notably, for the embodiment depicted, the electric machine sump 270 additionally
encloses the aft engine bearing 262 of the gas turbine engine. The gas turbine engine includes a
sealing arm 274 attached to the structural support member 256 and extending forward of the aft
engine bearing 262 to form a seal with the LP shaft 224 and include the aft engine bearing 262
within the electric machine sump 270. Notably, a seal assembly 276 is provided as part of the
sealing arm 274 and/or the LP shaft 224 for providing such a seal and maintaining a sealed
electric machine sump 270. As is also depicted, the gas turbine engine further includes a
plurality of seal assemblies 276 adjacent to the forward electric machine bearing 264 and the aft
electric machine bearings 266, for maintaining a sealed electric machine 246, i.e., preventing

lubrication oil from reaching the rotor 248 and stator 250 of the electric machine 246.

[0049] Moreover, the gas turbine engine depicted includes an electric machine lubrication
system 278, with the electric machine lubrication system 278 in fluid communication with the
electric machine sump 270, for providing a thermal fluid to the electric machine sump 270. For
the embodiment depicted, the electric machine lubrication system 278 may operate
independently of a gas turbine engine lubrication system, such as the lubrication system 245

described above with reference to F1G. 3.

[0050] Specifically, for the embodiment depicted, the electric machine lubrication system
278 include a supply pump 280 connected to a supply line 282 extending to the electric machine
sump 270. The supply line 282 extends from a location outward of the core air flowpath 221

along the radial direction R, through the aft engine strut 258 (and through the core air flowpath
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221), through the cavity wall 268 and to the electric machine sump 270. The thermal fluid may
be a lubrication oil or other suitable lubricant for lubricating the forward electric machine
bearing 264 and the aft electric machine bearings 266, as well as the aft engine bearing 262.
Notably, the thermal fluid is further configured to accept heat from the plurality of bearings and
the electric machine sump 270. The heated thermal fluid is scavenged out of the electric machine
sump 270 via a scavenge line 284 of the lubrication system 278, the scavenge line 284 extending
from the electric machine sump 270, through the core air flowpath 221, and to a scavenge pump
286. It should be appreciated, however, that although the scavenge line 284 is, for the
embodiment depicted, extending through the core air flowpath 221 at a location outside of the
strut 260, in other embodiments, the scavenge line 284 may instead extend through the strut 260

alongside the supply line 282.

[0051] Notably, for the embodiment depicted, the electric machine lubrication system 278,
including the supply pump 280 and scavenge pump 286, may be powered at least in part by the
electric machine 246. Additionally, although not depicted, the electric machine lubrication
system 278 may further include one or more heat exchangers for reducing a temperature of the
scavenged thermal fluid, before such thermal fluid is provided back through the supply line 282

to the electric machine sump 270.

[0052] Notably, with such an embodiment, the lubrication system 278 may further be
configured as part of a cooling system of the gas turbine engine for reducing a temperature of the
electric machine 246. For example, the inventors of the present disclosure have discovered that
for at least certain embodiments, providing lubrication oil to the lubrication oil supply line 282 at
a temperature less than about 275°F, such as less than about 250°F, may allow for the lubrication
oil to accept an amount of heat necessary to maintain the electric machine 246 within a desired
temperature operating range during operation of the gas turbine engine. It should be appreciated,
that as used herein, terms of approximation, such as “about” or “approximately,” refer to being
within a 10% margin of error. Also, it should be appreciated, that in other embodiments, the

lubrication oil provided to the supply line 282 may have any other suitable temperature.

[0053] In order to further maintain a temperature of the electric machine 246, the cooling
system of exemplary gas turbine engine depicted further includes a bufter cavity 288
surrounding at least a portion of the electric machine 246 to thermally insulate the electric
machine 246. More specifically, for the embodiment depicted, the cavity wall 268 also at least
partially defines the buffer cavity 288 with the buffer cavity 288 being positioned opposite the
cavity wall 268 of the electric machine sump 270. Additionally, as is depicted in FIG. 4, an
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extension member 290 is attached to or formed integrally with the structural support member
256 and extends at least partially around the cavity wall 268. Specifically, for the embodiment
depicted, the structural support member 256 and extension member 290 together extend
completely around the cavity wall 268. The structural support member 256 and extension
member 290 together define the buffer cavity 288, which for the embodiment depicted extends
continuously from a location forward of the electric machine 246 to a location aft of the electric
machine 246 along the axial direction A. The buffer cavity 288 may act as an insulator from
relatively hot operating temperatures within the core air flowpath 221 extending through the

turbine section of the gas turbine engine.

[0054] Furthermore, for the embodiment depicted, the gas turbine engine further includes a
cooling duct 292. The cooling duct 292 is in airflow communication with the buffer cavity 288
for providing a cooling airflow to the buftfer cavity 288. For example, in the embodiment
depicted, the cooling duct 292 defines an outlet 293 extending through the structural support
member 256 for providing the cooling airflow from the cooling duct 292 through the structural
support member 256 and into the buffer cavity 288. The cooling duct 292 may also be in airflow
communication with a relatively cool air source for providing the cooling airflow. In certain
exemplary embodiments, the cool air source may be a compressor section of the gas turbine
engine (wherein the cooling airflow may be diverted from the compressor section), or a fan of
the gas turbine engine (wherein the cooling airflow may be diverted from the fan). Notably, for
the embodiment depicted, the gas turbine engine further includes an exhaust duct 291. The
exhaust duct 291 is in airflow communication with the buffer cavity 288 and is configured to
exhaust the cooling airflow to the core air flowpath 221, a bypass passage (e.g., passage 244 of
FIG. 3), or an ambient location. Such a configuration may allow for a continuous cooling

airflow through the buffer cavity 288.

[0055] As discussed, the electric machine lubrication system 278, cooling duct 292, and
buffer cavity 288 are each configured as part of the cooling system for maintaining at least
certain components of the electric machine 246 within a desired temperature range. For example,
for the embodiments wherein the electric machine 246 is configured as an electric generator, the
electric generator may be configured as a permanent magnet electric generator including a
plurality of permanent magnets 294 (depicted in phantom). For these embodiments, the rotor 248
may include the plurality of permanent magnets 294 and the stator 250 may include one or more
coils of electrically conductive wire (not shown). It should be appreciated, however, that in other
embodiments, the electric machine 246 may alternatively be configured as an electromagnetic

generator, including a plurality of electromagnets and active circuitry, as an induction type
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electric machine, a switched reluctance type electric machine, as a synchronous AC electric

machine, or as any other suitable electric generator or motor.

[0056] As will be appreciated, each of the plurality of permanent magnets 294, when
included, defines a Curie temperature limit, which may be less than a temperature within the
core air flowpath 221 extending through the turbine section of the gas turbine engine. The
cooling system of the gas turbine engine maintains a temperature of the electric machine 246,
and more particularly each of the permanent magnets 294, below the Curie temperature limit for
the plurality of permanent magnets 294. Further, the cooling system may maintain a temperature
of the electric machine 246 below a predetermined limit of the Curie temperature limit to, e.g.,
increase a useful life of the electric machine 246. For example, in certain exemplary
embodiments, the cooling system the gas turbine engine may maintain a temperature of the
electric machine 246 below at least about a 50 degrees Fahrenheit (°F) limit of the Curie
temperature limit, such as below at least about a 75°F limit or 100°F limit of the Curie
temperature limit. Maintaining a temperature of the electric machine 246 below such a limit of
the Curie temperature limit may further prevent any permanent magnets of the electric machine
246 from experiencing un-recoverable (or permanent) de-magnetization, which may have a

negative life impact on the electric machine 246.

[0057] It should be appreciated, however, that the exemplary cooling system depicted in the
embodiment of FIG. 4 is provided by way of example only. In other embodiments, the gas
turbine engine may include any other suitable cooling system. For example, in other
embodiments, the electric machine lubrication system 278 may have any other suitable
configuration. For example, the electric machine lubrication system 278 may be operable with
the engine lubrication system 278. Additionally, in certain embodiments, the cavity wall 268
may have any other suitable features for maintaining a temperature of the electric machine 246
within a desired operating range. For example, referring now briefly to FIG. 5, a cross-sectional,
schematic view of an electric machine 246 embedded within a gas turbine engine in accordance
with another exemplary embodiment of the present disclosure is depicted. The exemplary gas
turbine engine depicted in FIG. 5 may be configured in substantially the same manner as the
exemplary gas turbine engine depicted in FIG. 4, and accordingly the same or similar numbers
may refer to same or similar part. However, for the embodiment of FIG. 5, the cavity wall 268,
which at least partially defines a buffer cavity 288, further includes a layer 296 of insulation to
further insulate the electric machine 246 from relatively hot operating temperatures within the
core air flowpath 221 extending through the turbine section of the gas turbine engine. The

insulation layer 296 may be any suitable insulation for reducing a thermal conductivity of the
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cavity wall 268 surrounding the electric machine 246. Additionally, although not depicted, in
certain embodiments, a portion of the structural support member 256 and extension member 290

(also at least partially defining the buffer cavity 288) may also include a layer of insulation.

[0058] Referring again to the embodiment of FIG. 4, as briefly discussed above during
operation of the gas turbine engine, the LP shaft 224 may rotate the rotor 248 of the electric
machine 246, allowing electric machine 246 to function as an electric generator producing
electrical power. Additionally, the electric machine 246 is in electrical communication with—i.e.
electrically connected to—the electric communication bus 258. The electric communication bus
258 is electrically connected to the electric machine 246 at a location radially inward of the core
air flowpath 221. The electric communication bus 258 includes a first juncture box 298 mounted
to the stator connection member 254. The first juncture box 298 receives an electrical line 300
from the electric machine 246 (for the embodiment depicted, from the stator 250 of the electric
machine 246) and connects the electric line 300 to an intermediate section 302 of the electric
communication bus 258. The intermediate section 302 extends through the core air flowpath 221
to a second juncture box 304 mounted at a location radially outward of the core air flowpath 221,
within a cowling of the gas turbine engine. The second juncture box 304 connects the
intermediate section 302 of the electric communication bus 258 to an outlet line 306 of the
electric communication bus 258 for connection to one or more systems of the gas turbine engine
and/or aircraft with which the gas turbine engine is installed. As briefly mentioned above, the
electric machine lubrication system 278 may be electrically connected to the outlet line 306 of

the electric communication bus 258 for powering the electric machine lubrication system 278,

[0059] As stated and depicted in FIG. 4, at least a portion of the electric communication bus
258 extends through the core air flowpath 221. More specifically, for the embodiment depicted,
the intermediate section 302 of the electric communication bus 258 extends through the core air
flowpath 221 at a location downstream of a combustion section of the gas turbine engine (such
as the combustion section 214 of the exemplary turbofan engine 200 of FIG. 3). In particular, the
intermediate section 302 extends through/is positioned within the aft strut 258—the aft strut 258

located in a portion of the core air flowpath 221 immediately downstream of the HP turbine 216.

[0060] Moreover, as is depicted schematically, the exemplary intermediate section 302
depicted is a cooled portion of the electric communication bus 258, including an electric cable
308 (i.e., an electric conductor) positioned within/ extending through a conduit containing a
cooling fluid. Specifically, reference will now also be made to FIG. 6, providing a close-up view

of a portion of the intermediate section 302 that is configured to extend through the core air
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flowpath 221 of the gas turbine engine. As is depicted, the intermediate section 302 of the
electric communication bus 258 includes the electric cable 308 positioned within and extending
coaxially with the supply line 282, such that during operation, the electric cable 308 is
surrounded by relatively cool flow of thermal fluid (represented by arrows 310) to be provided,
e.g., to the electric machine sump 270. Accordingly, the supply line 282 is considered for the
embodiment depicted as part of the electric machine lubrication system 278 as well as part of the
intermediate section 302 of the electric communication bus 258. During operation, the thermal
fluid surrounding the electric cable 308 within the intermediate section 302 of the electric
communication bus 258 may protect the electric cable 308 from relatively high temperatures
within the core air flowpath 221, maintaining a temperature of the electric cable 308 within a
desired operating range. It should be appreciated, however, that in other embodiments, the
intermediate section 302 of the electric communication bus 258 may instead include the electric
cable 308 positioned within and extending coaxially with the scavenge line 284 (which may also

extend through the strut 260 in certain embodiments).

[0061] Notably, the electric cable 308 may be any suitable cable 308, and for the
embodiment depicted includes an electrical insulation layer 312 surrounding a conducting core
portion 314. The electrical insulation layer 312 may include any suitable electrical insulation
capable of being exposed to the relatively high temperatures and further capable of insulating
relatively high amounts of electrical power which may be transported through the conducting
core portion 314 of the electric cable 308 (see discussion below). Additionally, although not
depicted, the electric cable 308 may additionally include a barrier layer surrounding the electric
insulation layer 312 and conducting core portion 314 to prevent lubrication oil from contacting
the insulation layer 312 and conducting core portion 314. Additionally, still, in certain
embodiments, the electric cable 308 may be configured in substantially the same manner as the

electric cable 308 described below with reference to FIG. 9.

[0062] As will be discussed in greater detail below, the intermediate section 302 of the
electric communication bus 258 is configured to transfer relatively high power levels of
electrical power. Accordingly, during operation, the intermediate section 302 of the electric
communication bus 258 may experience a relatively high amount of Joule heating, or resistive
heating, as a result of the relatively high power levels being transferred. Positioning the electric
cable 308 of the intermediate section 302 coaxially with the lubrication oil supply line 282 may
assist with maintaining a temperature of the electric cable 308 within a desired operating
temperature range, despite the resistive heating experienced and exposure to the core air

flowpath 221.
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[0063] It should be appreciated, however, that in other exemplary embodiments, the electric
communication bus 258 may have any other suitable configuration for transferring electrical
power from the electric machine 246 located radially inward from the core air flowpath 221 to a
location radially outward of the core air flowpath 221. For example, referring now briefly to
FIG. 7, a cross-sectional, schematic view of an electric machine 246 embedded within a gas
turbine engine in accordance with yet another exemplary embodiment of the present disclosure is
depicted. The exemplary gas turbine engine depicted in FIG. 7 may be configured in
substantially the same manner as exemplary gas turbine engine depicted in FIG. 4, and

accordingly the same or similar numbers may refer to same or similar part.

[0064] However, for the embodiment of FIG. 7, the electric communication bus 258 is
instead configured as a superconducting, or hyper conducting, electric communication bus 258.
Accordingly, for the embodiment of FIG. 7, the intermediate section 302 of the electric
communication bus 258 may not be configured with the supply line 282 of the electric machine
lubrication system 278. Instead, the exemplary electric communication bus 258 includes a
separate cooled conduit 316 within which the electric cable 308 is positioned and extends. The
electric communication bus 258 includes a refrigerant system 318 for providing a cold
refrigerant within the cooled conduit 316 to maintain a temperature of the electric cable 308
extending therethrough at a relatively low temperature. For example, in certain embodiments, the
refrigerant system may maintain a temperature of the electric cable 308 at or below a critical
temperature of the material forming the electric cable 308, or at least 1°F cooler than the critical

temperature of the material forming the electric cable 308.

[0065] Additionally, the cold refrigerant extends to a first juncture box 298, where the
refrigerant is separated from the electric line in returned through a return line 320 (partially
depicted). For the embodiment depicted, the electric communication bus 258 may additionally
include components for operating the refrigeration system 318 in a refrigeration cycle, such as a
pump, a condenser, and an expansion valve (not depicted). Notably, in at least certain
embodiments, the portion of the intermediate section 302 extending through the core air

flowpath 221 may act as an evaporator of the refrigerant cycle.

[0066] Although for the embodiment depicted the gas turbine engine includes a separate
electric machine lubrication system 278 and refrigerant system 318, in other embodiments the
refrigerant utilized by the refrigerant system 318 of the electric communication bus 258 may

additionally act as a lubricant for the various bearings within the electric machine 246 (and for
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the embodiment depicted, for the aft engine bearing 262), such that the refrigerant system 318

and electric machine lubrication system 278 may be configured together as a single system.

[0067] Referring now to FIG. 8, a cross-sectional, schematic view of an electric machine 246
embedded within a gas turbine engine in accordance with still another exemplary embodiment of
the present disclosure is depicted. The exemplary gas turbine engine depicted in FIG. 8 may be
configured in substantially the same manner as exemplary gas turbine engine depicted in FIG. 4,
and accordingly the same or similar numbers may refer to same or similar part. However, for the
embodiment of FIG. 8, an intermediate section 302 of an electric communication bus 258 is not
configured coaxially with a cooling fluid conduit (e.g., a supply line 282). Instead, for the
embodiment of FIG. 8, the intermediate section 302 of the electric communication bus 258 is
formed of an electric cable 308 designed to withstand the relatively high temperatures of a core
air flowpath 221 of the gas turbine engine at a location downstream of a combustion section of

the gas turbine engine.

[0068] More specifically, as with the embodiments described above, the electric
communication bus 258 includes a first juncture box 298, a second juncture box 304, and the
electric cable 308 extending therebetween (i.e., the intermediate section 302). Although the
electric cable 308 is depicted as a single cable, in certain embodiments, the electric cable may
include a plurality of electric cables. Referring now also briefly to FIG. 9, providing a close-up,
schematic view of the electric cable 308, the electric cable 308 is formed of a material capable of
transmitting relatively high amounts of electrical power and being exposed to the relatively high

temperatures within the core air flowpath 221 without oxidizing.

[0069] For example, in certain embodiments, the electric cable 308 may consist of at least
one solid nickel wire core. Or, as in the embodiment depicted, the cable 308 may consist of at
least one high conductivity core volume, such as a low resistivity/ high conductivity cable core
322, and at least one dielectric (electrically-insulating) barrier volume, such as a high resistivity
cable jacket 324. The cable core 322 is positioned within the cable jacket 324, such that the
cable jacket 324 encloses the cable core 322. In certain exemplary embodiments, the cable core
322 may be a copper core volume and the cable jacket 324 may be a non-copper jacket volume.
The cable jacket 324 may be established by one or more encasement processes, such as dipping,
co-extrusion, plating, spraying, cladding, swaging, roll-forming, welding, or a combination
thereof. The electric cable 308 depicted additionally includes an oxidation barrier volume 323
positioned between the cable core 322 and cable jacket 324. Notably, the cable 308 may be

configured as a wire braid, a transposed and compacted wire bundle, transposed bundle(s) of
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transposed wire bundle(s), or any other suitable cable configuration for transferring alternating

current (“AC”) power in a manner to reduce AC coupling losses.

[0070] Additionally, for the embodiment depicted, the cable core 322 and cable jacket 324 of
the electric cable 308 are covered and enclosed within a high temperature electric insulation
material 326. For example, in certain embodiments, the high temperature electric insulation
material 326 may be a sprayed lamellar barrier coating (ceramic), at least one fractionally-
overlapped tape layer (mica, glass fiber, ceramic fiber, and/or polymeric film), external armor
barrier (braided, metallic and/or non-metallic), or combinations thereof. The high temperature
electric insulation material 326 may be suitable for insulating cables transferring relatively high
amounts of electrical power at relatively high temperatures, as discussed below. Further, for the
embodiment depicted, the electric cable 308 includes at lcast one external armor volume 325 as
an anti-abrasion barrier, which in certain embodiments may be the same as the insulation

material 326.

[0071] As is also depicted, the electric machine lubrication system 278 (configured as part of
the overall electric machine cooling system) is configured to provide thermal fluid directly to the
second juncture box 304 through a connection line 328 for actively cooling the second juncture
box 304. Additionally, the thermal fluid supply line 282 of the electric machine lubrication
system 278 extends to the first juncture box 298 and provides a flow of thermal fluid directly to
the first juncture box 298 for actively cooling the first juncture box 298. Notably, for the
embodiment depicted, the first juncture box 298 includes a thermal fluid outlet 330 for ejecting

the flow of thermal fluid provided thereto to the electric machine sump 270.

[0072] By actively cooling the first juncture box 298 and the second juncture box 304, the
intermediate section 302 including the electric cable 308 may be allowed to operate at relatively
high temperatures, such as temperatures resulting from exposure to the core air flowpath 221, as
well as from Joule heating, or electric resistance heating, of the electric cable 308 during
operation of the electric machine 246. A temperature of the electric cable 308 with such a
configuration may be reduced at the first juncture box 298 and at the second juncture box 304,
allowing for the electric cable 308 to be electrically connected to other electrical lines (e.g.,
outlet line 306 and electric line 300), which may not be configured for operating at the relatively
high temperatures at which the electric cable 308 of the intermediate section 302 is capable of

operating.
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[0073] Moreover, as is also depicted, schematically, further beneficial cooling may be
achieved by equipping the second juncture box 304 with an embedded auxiliary fluid flow
circuit 331 in heat transfer communication with the fluid transiting connection line 328. The
auxiliary fluid within the auxiliary fluid flow circuit 331 may be the same fluid supplied by the
fluid supply line 282, or alternatively, may be a distinct thermal transfer fluid. Further, although
not depicted, the auxiliary fluid may itself be in subsequent heat transfer communication with a

heat-sinking media such as aircraft engine fuel, propulsor fan air, or a motor electronics coolant.

[0074] During operation of a gas turbine engine including an electric machine 246 in
accordance with an exemplary embodiment of the present disclosure, the electric machine 246
may be configured to generate a relatively high amount of alternating current electric power. For
example, in certain embodiments, the electric machine 246 may be configured to generate and
deliver through the electric communication bus 258 electrical power at five hundred (500) Volts
(“V”) or more. For example, in certain embodiments, the electric machine 246 may be
configured to generate and deliver through the electric communication bus 258 electrical power
at six hundred (600) V or more. Such a configuration may be enabled by the disclosed cooling
systems for maintaining a temperature of the electric machine 246 within a certain operating
temperature range, and/or by designing the intermediate section 302 of the electric
communication bus 258 in a manner allowing it to be exposed to the relatively high temperatures

within the core air flowpath 221 downstream of the combustion section of the gas turbine engine.

[0075] Additionally, referring now to FIG. 10, a schematic view of the exemplary propulsion
system 100 is provided. It will be appreciated that the symbols depicted in FIG. 10 (as well as
FIGS. 11 through 15) may have the ordinary meaning attached thereto in the art. As is depicted
schematically, and discussed above, the propulsion system 100 includes at least one gas turbine
engine, which for the embodiment depicted is configured as a first engine 102, and a first electric
machine 108A coupled to an electric communication bus 258. The first engine 102 and first
electric machine 108A are configured for generating a baseline voltage level during operation.
The propulsion system 100 additionally includes an electric propulsor, which in certain
embodiments may be the exemplary BLI fan 106 depicted (the BLI fan 106 including an electric
motor 350 powering a fan 352). Furthermore, the exemplary propulsion system 100 depicted
includes a means for providing a differential voltage to the electric propulsor equal to about

twice a baseline voltage magnitude generated by the first electric machine 108A.

[0076] More specifically, for the embodiment depicted, the means for providing a

differential voltage to the electric propulsor equal to about twice the baseline voltage magnitude
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includes a second gas turbine engine and a second electric machine 108B, in combination with
the electric communication bus 258. More specifically, the means for providing a differential
voltage to the electric propulsor equal to about twice the baseline voltage magnitude includes a
second engine 104 and second electric machine 108B, in combination with the electric
communication bus 258, The first and second engines 102, 104 and first and second electric
machines 108A, 108B may be configured in the same manner as is depicted in FIGS. 1 and 2,
and described above. Moreover, each of the first and second engines 102, 104 and respective
electric machines 108 may be configured in substantially the same manner as one or more of the
gas turbine engines and embedded electric machines 246 described above with reference to

FIGS. 4 through 8.

[0077] Broadly speaking, for the embodiment depicted, the first and second electric
machines 108A, 108B are configured to generate alternating current (“AC”) voltage at a baseline
voltage level. The electric communication bus 258 is configured to convert the AC voltage to a
positive direct current (“DC”) voltage and a negative DC voltage, each having the substantially
the same magnitude as the baseline voltage level, but at different polarities. The electric
communication bus 258 then converts the two DC voltages of equal magnitude (and opposite
polarity) back to an AC voltage having a net differential value about twice the magnitude of the
baseline voltage level and provides such differential AC voltage to the electric propulsor/ electric

motor 350 of the BLI fan 106.

[0078] Specifically, for the exemplary embodiment depicted, the first electric machine 108A
may be an N-phase generator having first and second terminations 354, 356 generating a first
voltage at the baseline voltage level. The first voltage level may be an AC voltage Vac.
Similarly, the second electric machine 108B may be an N-phase generator having first and
second terminations 354, 356 generating a second voltage also at the baseline voltage level.
Accordingly, the second voltage level may also be an AC voltage Vac. For example, in certain
embodiments, the first and/or second electric machine 108A, 108B may be configured in
substantially the same manner as one or more of the electric machines 108 described below with

reference to FIGS. 11 through 13.

[0079] Further, the electric communication bus 258 includes at least one AC-to-DC
converter. Specifically for the embodiment depicted, the electric communication bus 258
includes a first N-phase AC-to-DC converter 358 electrically connected to the first electric
machine 108A and a second N-phase AC-to-DC converter 360 electrically connected to the

second electric machine 108B. The first converter 358 and second converter 360 together
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convert the voltages Vac generated by the first and second electric machines 108A, 108B to a
positive DC voltage +Vdc and a separate, negative DC voltage -Vdc. Notably, each of the first
and second converters 258, 260 are chassis-grounded, as denoted schematically. Further, the first
converter 258 includes a first module 358A configured to convert the voltage Vac from the first
termination 354 of the first electric machine 108A to a positive DC voltage +Vdc, in addition to
a second module 358B configured to convert the voltage Vac from the second termination 356 of
the first electric machine 108A to a negative DC voltage
-Vdc. Similarly, the second converter 360 includes a first module 360A configured to convert the
voltage Vac from the first termination 354 of the second electric machine 108B to a positive DC
voltage +Vdc, in addition to a second module 360B configured to convert the voltage Vac from

the second termination 356 of the second electric machine 108B to a negative DC voltage -Vdc.

[0080] Furthermore, the electric communication bus 258 includes a positive DC transmission
line 362 and a negative DC transmission line 364. The positive and negative DC transmission
lines 362, 364 are subsequently converted to an AC voltage using a separate, N-phase DC-to-AC
converter 366. The specifics of the exemplary converter 366 are shown schematically and
simplified in the call-out bubble 368 depicted in FIG. 10, and may be generally referred to as an
H-bridge, pulse width modulated voltage converter. The converter 366 is also electrically

connected to the terminations 370 of the electric motor 350 of the BLI fan 106.

[0081] In at least certain embodiments, the electric propulsion device may require (or desire)
a net differential voltage greater than the magnitude of the baseline voltage level, which may be
greater than a magnitude that any one transmission line of the electric communication bus 258
may safely transport. Accordingly, the configuration shown schematically in FIG. 10 may allow
for the electric communication bus 258 to provide the electric motor 350 with a differential AC
voltage Vdiff that is double in magnitude of the first and second voltages, Vac (i.e., Vdiff =
(+Vac) — (-Vac) =2 x [Vac]).

[0082] For example, referring now briefly to FIGS. 11 through 13, various electric machines
108 in accordance with various exemplary embodiments of the present disclosure are provided.
In certain embodiments, one or both of the first and second electric machines 108A, 108B may
be configured in substantially the same manner as one or more of the exemplary electric
machines 108 depicted in FIGS. 11 through 13. Additionally, in certain exemplary embodiments,
the electric machines 108 depicted in FIGS. 11 through 13 may be embedded electric machines

(similar to the electric machines described above).
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[0083] Referring first to the exemplary embodiment of FIG. 11, the electric generator 108
may be an N-phase generator having first and second terminations 354, 356. It should be
appreciated, that as used herein, the term “N-phase” is used to denote the ability for the
component to include any suitable number of phases. Accordingly, although for the embodiment
depicted the electric machine 108 may be a two phase electric generator, in other embodiments,
the electric machine 108 may instead be a single phase electric generator, a three-phase electric
generator, a four-phase electric generator, etc. The electric machine 108 generally includes a
rotor 372 and a stator 374. The rotor 372 is rotatable by an engine (e.g., the first or second
engine 102, 104) through a shaft 376. As will be appreciated, a voltage generated by the electric
machine 108 is a function of a rotational speed, Q, of the rotor 372, a radius 378 of the rotor 372,
a number of turns or windings 380 in the stator 374, etc. For the electric machine 108 of FIG. 11,
the stator 374 is center-tapped to ground (i.e., a center of the turns 380 of the stator 374 is
grounded to chasis), such that the electric machine 108 may provide positive and negative
voltage, each at the voltage level +/-Vac. Notably, however, in order to do so, given that a
number of the turns 380 of the stator 374 has been effectively reduced by half, the rotor 372 may
need to be rotated at twice the rotational speed, Q. Moreover, as is depicted schematically, a
power gearbox 382 may be provided between the motor and the electric machine 108 for
increasing a rotational speed of the rotor 372 relative to the motor. In order to support the
increased rotational speed, Q, the exemplary rotor 372 depicted includes an over band, or
support band 384 to provide support thereto. Notably, the support band 384 may be configured
as part of a rotor support member 252 when the electric machine 108 is configured in the same
manner as the exemplary electric machine 246 of FIG. 4. Additionally, it should be appreciated,
that in certain embodiments, the support band 384 may be necessary without the inclusion of a

power gearbox 382.

[0084] Referring now to FIG. 12, an electric machine 108 in accordance with another
exemplary embodiment is depicted. The exemplary electric machine 108 of FIG. 12 may be
configured in substantially the same manner as the exemplary electric machine 108 described
above with reference to FIG. 11. For example, the electric machine 108 of FIG. 12 generally
includes a rotor 372 and a stator 374, with the rotor 372 being rotatable by an engine through a
shaft 376. However, for the embodiment of FIG. 12, the rotor 372 is instead configured as a
tandem rotor having a first rotor section 386 and a second rotor section 388 arranged along an
axis of the shaft 376. Note that although the first and second rotor sections 386, 388 are depicted

spaced apart and connected through a separate shaft 376, in certain embodiments, the first and
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second rotor sections 386, 388 may instead be positioned adjacent to one another and attached or

connected directly to one another.

[0085] As is indicated schematically, a magnetic pole clocking of the first rotor section 386
lags a magnetic pole clocking of the second rotor section 388. Specifically, for the embodiment
depicted the first rotor section 386 is one hundred and eighty degrees out of phase with the
second rotor section 388. Additionally, the stator 374 has double the turns 380 of the stator 374
of the electric machine of FIG. 11, but is similarly grounded at the center to the chassis (i.e., a
center-tapped to ground electric machine). Further, for the embodiment depicted, the rotor 372,
or more specifically, the first and second rotor sections 386, 388 of the rotor 372, each define a
radius 378 that is approximately half of the radius 378 of the exemplary rotor 372 of FIG. 11.
Accordingly, as will be appreciated, the rotor 372 of the exemplary electric machine 108 of FIG.
12 may be rotated at the same rotational speed as the rotor 372 of the exemplary first electric
machine 108 depicted in FIG. 11. Notably, however, as the radius 378 of the rotor 372 of the
electric machine of FIG. 12 is approximate half of the radius 378 of the rotor 372 of the first
electric machine of FIG. 11, the rotor 372 may not need an over band, or support band 384, to

support the rotor 372 during operation.

[0086] With each of the electric machines 108 described above with reference to FIGS. 11
and 12, the first and second terminations 354, 356 of the electric machines 108 may each provide
AC voltage varying from positive Vac to negative Vac, due to the center-tapped to ground
configuration. Accordingly, in simplest forms, the means for providing a differential voltage to
the electric propulsor equal to about twice a baseline voltage magnitude may be the electric

machine 108 being a center-tapped to ground electric machine.

[0087] Moreover, still, referring now to FIG. 13, another exemplary embodiment of the
present disclosure is provided. FIG. 13 provides a schematic view of an electric machine 108 in
accordance with another exemplary embodiment of the present disclosure. The exemplary
electric machine 108 of FIG. 13 may be configured in substantially the same manner as the
exemplary electric machine 108 described above with reference to FIG. 12. For example, the
electric machine 108 of FIG. 13 generally includes a rotor 372 and a stator 374, with the rotor
372 being rotatable by an engine through a shaft 376. Additionally, the rotor 372 is configured as
a tandem rotor having a first rotor section 386 and a second rotor section 388. As is indicated
schematically, a magnetic pole clocking of the first rotor section 386 also lags a magnetic pole
clocking of the second rotor section 388. The stator 374 includes essentially the same number of

turns 380 as the exemplary stator 374 of FIG. 12. However, instead of being grounded at a
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center, the stator 374 is instead divided at the center between a first stator section 390 positioned
adjacent to the first rotor section 386 and a second stator section 392 positioned adjacent to the
second rotor section 388. Further, the first stator section 390 is center-tapped to ground and the
second stator section 392 is also center-tapped to ground. Accordingly, the first stator section
390 includes a respective first set of terminals 354, 356 and the second stator section 392
includes a second set of terminals 354, 356. Given the reduction to a number of turns 380 of each
of the stator sections 390, 392, in order to generate a similar voltage as the exemplary electric
machines 108 of FIGS. 11 and 12, the rotor 372 must rotate at a rotational speed, Q, twice that of
the exemplary rotor 372 of the exemplary electric machines 108 of FIGS. 11 and 12. Again, as is
depicted schematically, a power gearbox 382 may be provided between the motor and the
electric machine 108 for increasing a rotational speed, Q, of the rotor 372 relative to the motor.
Accordingly, despite a relatively low radius 378 of the exemplary rotor 372 in FIG. 13, given the
increased rotational speed, Q, it may be necessary for the exemplary rotor 372 to include an over
band, or support band 384, as is depicted schematically in FIG. 13, for supporting the exemplary
rotor 372 of FIG. 13.

[0088] Notably, the exemplary electric machine of FIG. 13 may be utilized as a single
electric machine for generating a desired voltage for the electric propulsion device. Specifically,
the first terminations 354, 356 of the first stator section 390 electric machine of FIG. 13 may be
configured as the first and second terminations 354, 356 of the exemplary first electric machine
108A in FIG. 10 and the second terminations 354, 356 of the second stator section 392 of the
electric machine of FIG. 13 may be configured as the first and second terminations 354, 356 of
the exemplary second electric machine 108B in FIG. 10. Alternatively, the exemplary electric
machine of FIG. 13 may be simply configured as a two-phase electric machine, with the first set
of terminations 354, 356 being the first phase and the second set of terminations 354, 356 being

the second phase.

[0089] Additionally, it should be appreciated that in other exemplary embodiments, the
electric machines may be designed in any suitable manner to perform as described herein. For
example, in other embodiments, the rotors 372 may define any suitable radius 378 or length, the
stators 374 may include any suitable number of turns 380, and the rotors 372 may be rotated at

any suitable speed, Q, to generate a desired voltage.

[0090] Referring now to FIG. 14, an electric communication bus 258 including an N-phase
AC-to-DC converter 394 is depicted schematically in accordance with another exemplary

embodiment of the present disclosure. In at least certain exemplary embodiments, the converter
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394 of the exemplary electric communication bus 258 of FIG. 14 may effectively combine both

of the first and second converters 358, 360 described above with reference to FIG. 10.

[0091] More specifically, the exemplary AC-to-DC converter 394 of FIG. 14 is configured
as a two-phase AC-to-DC converter. However, it will be appreciated, that in other embodiments,
the features of the exemplary converter 394 depicted may be extrapolated out to accommodate
any other suitable number of phases, such that the converter 394 may be utilized with one or
more generators (such as first and second electric machines 108A, 108B of FIG. 10) having any

suitable number of phases.

[0092] Referring specifically to FIG. 14, the exemplary two-phase AC-to-DC converter 394
is electrically connected to a first phase 396 of a permanent magnet generator and is also
electrically connected to a second phase 398 of a permanent magnet generator, each including
first and second terminations 354, 356. In certain exemplary embodiments, the first phase 396 of
permanent magnet generator may be a first electric generator (such as one or more of the electric
machines 108A depicted in FIGS. 11 through 13) and the second phase 398 of permanent
magnet generator may be a second electric generator (such as one or more of the electric
machine 108 depicted in FIGS. 11 through 13). Additionally, or alternatively, in still other
embodiments, the first phase 396 of electric generator may be generated by the first rotor section
386 and first stator section 390 of the exemplary electric machine of FIG. 13 and the second
phase 398 of electric generator may be generated by the second rotor section 388 and second

stator section 392 of the exemplary electric machine of FIG. 13.

[0093] Accordingly, it should be appreciated that the means for providing a differential
voltage to the electric propulsor equal to about twice the baseline voltage magnitude may be
inclusion of a multi-phase, center-tapped AC electric generator in combination with a multi-
phase AC-to-DC converter configured to convert the AC voltage generated into a positive DC
voltage and a negative DC voltage. With such an embodiment, the means may further include a

DC to AC converter depending on the type of electric motor provided with the electric propulsor.

[0094] It should also be appreciated that in other exemplary embodiments, the means for
providing a differential voltage to the electric propulsor equal to about twice the baseline voltage
magnitude may be inclusion of two N-phase AC generators, each coupled to an N-phase AC-to-
DC converter configured to convert the AC voltages from the respective generators into a

combined positive DC voltage and a combined negative DC voltage. Again, with such an
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embodiment, the means may further include a DC to AC converter depending on the type of

electric motor provided with the electric propulsor

[0095] Furthermore, it should be appreciated that in still other embodiments, the electric
machines 108 may not be AC electric generators, and instead may be DC electric generators.
For example, referring now to FIG. 15, a schematic view of a propulsion system 100 in
accordance with another exemplary embodiment is provided. As is depicted schematically, the
propulsion system 100 includes at least one gas turbine engine, which for the embodiment
depicted is configured as a first engine 102, and a first electric machine 108 A coupled to an
electric communication bus 258. The first engine 102 and first electric machine 108A are
configured for generating a baseline voltage level during operation. The propulsion system 100
additionally includes an electric propulsor, which in certain embodiments may be the exemplary
BLI fan 106 depicted (the BLI fan 106 including an electric motor 350 powering a fan 352).
Furthermore, the exemplary propulsion system 100 depicted includes a means for providing a
differential voltage to the electric propulsor equal to about twice a baseline voltage magnitude

generated by the first electric machine 108A.

[0096] More specifically, for the embodiment depicted, the means for providing a
differential voltage to the electric propulsor equal to about twice the baseline voltage magnitude
includes a second gas turbine engine and a second electric machine 108B, in combination with
the electric communication bus 258. More specifically, the means for providing a differential
voltage to the electric propulsor equal to about twice the baseline voltage magnitude includes a
second engine 104 and second electric machine 108B, in combination with the electric
communication bus 258, The first and second engines 102, 104 and first and second electric
machines 108A, 108B are each configured as DC electric generators. The first electric machine
108A is configured to generate a positive DC voltage, Vdc, and the second electric machine
108B is configured to generate a negative DC voltage, —Vdc. The voltages Vdc, -Vdc from the
first and second electric machines 108A, 108B are combined to provide the motor 350 of the
electric propulsion device a differential voltage, Vdift, equal to about twice the baseline voltage
magnitude generated by the first electric machine 108A (i.e., Vdiff = (+Vdc) — (-Vdc) =2 x
|Vdc)).

[0097] Moreover, referring now to FIG. 16, a schematic, cross-sectional view is provided of
a gas turbine engine in accordance with another exemplary embodiment of the present
disclosure. In certain embodiments, the exemplary gas turbine engine depicted in FIG. 16 may

be configured in substantially the same manner as exemplary gas turbine engine described above
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with reference FIG. 3. Accordingly, the same or similar numbers may refer to the same or
similar part. For example, as is depicted, the gas turbine engine is configured as a turbofan
engine generally including a fan 202 and a core turbine engine 204. The core turbine engine 204
includes an LP compressor 210 connected to an LP turbine 218 through an LP shaft 224, as well
as an HP compressor 212 connected to an HP turbine 216 through an HP shaft 222. For the
embodiment depicted, the turbofan engine 200 further includes an electric machine 246. The
electric machine 246 may be configured in substantially the same manner as one or more of the

embodiments described above with reference to previous Figures.

[0098] However, as is depicted schematically and in phantom, for the embodiment depicted,
the electric machine 246 may be positioned at any other suitable location. For example, the
electric machine 246 may be an electric machine 246A coaxially mounted with the LP shaft 224
at a location forward of the HP compressor 212 and substantially radially inward of the LP
compressor 210. Additionally, or alternatively, the electric machine 246 may be an electric
machine 246B coaxially mounted with the HP shaft 222, e.g., at a location forward of the HP
compressor 212. Additionally, or alternatively still, the electric machine 246 may be an electric
machine 246C coaxially mounted with the LP shaft 224 a location at least partially aft of the HP
turbine 216 and at least partially forward of the LP turbine 218. Additionally, or alternatively
still, the electric machine 246 may be an electric machine 246D coaxially mounted with the LP
shaft 224 and the HP shaft 222, such that the electric machine 246D is a differential electric
machine. Moreover, in still other embodiments, the electric machine 246 may be mounted at any

other suitable location.

[0099] This written description uses examples to disclose the invention, including the best
mode, and also to enable any person skilled in the art to practice the invention, including making
and using any devices or systems and performing any incorporated methods. The patentable
scope of the invention is defined by the claims, and may include other examples that occur to
those skilled in the art. Such other examples are intended to be within the scope of the claims if
they include structural elements that do not differ from the literal language of the claims, or if
they include equivalent structural elements with insubstantial differences from the literal

languages of the claims.
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WHAT IS CLAIMED IS:

1. A propulsion system for an aeronautical device comprising:

an electric propulsor;

a gas turbine engine comprising a compressor section, a turbine section,
and a rotary component rotatable with at least a portion of the compressor section and
with at least a portion of the turbine;

a first electric machine coupled to the rotary component of the gas turbine
engine, the first electric machine generating a positive voltage at a baseline voltage
magnitude during operation of the gas turbine engine;

an electric communication bus electrically connecting the first electric
machine to the electric propulsor; and

a means for providing a differential voltage to the electric propulsor equal
to about twice the baseline voltage magnitude, the means for providing a differential
voltage to the electric propulsor equal to about twice the baseline voltage magnitude
comprising a second electric machine electrically connected to the electric
communication bus and generating a negative voltage at the baseline voltage
magnitude during operation and the electric communication bus further electrically
connecting the second electric machine to the electric propulsor, the negative voltage
at the baseline voltage magnitude and the positive voltage at the baseline voltage
magnitude generating the differential voltage equal to about twice the baseline voltage

magnitude.

2. The propulsion system of claim 1, wherein the means for providing
the differential voltage to the electric propulsor equal to about twice the baseline
voltage magnitude comprises the first electric machine being configured as a center-

tapped to ground electric machine.

3. The propulsion system of claim 1, wherein the gas turbine engine is
a first gas turbine engine, wherein the means for increasing the baseline voltage level
further comprises: a second gas turbine engine comprising a rotary component,
wherein the second electric machine is coupled to the rotary component of the second

gas turbine engine and electrically connected to the electric communication bus.
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4. The propulsion system of claim 3, wherein the first and second
electric machines are each AC electric generators, wherein the means for providing
the differential voltage to the electric propulsor equal to about twice the baseline
voltage magnitude further comprises the electric communication bus including at least
one AC-to-DC converter for converting the voltages generated by the first and second
electric machines to a positive DC voltage substantially equal in magnitude to the
baseline voltage magnitude and a negative DC voltage substantially equal in

magnitude to the baseline voltage magnitude.

5. The propulsion system of claim 4, wherein the means for providing
the differential voltage to the electric propulsor equal to about twice the baseline
voltage magnitude further comprises the electric communication bus including a DC-
to-AC converter for converting the positive DC voltage and the negative DC voltage
to an AC voltage defining a net differential voltage equal to about twice the baseline

voltage magnitude.

6. The propulsion system of claim 3, wherein the first gas turbine
engine is an under-wing mounted gas turbine engine, wherein the second gas turbine
engine is also an under-wing mounted gas turbine engine, and wherein the electric

propulsor is an aft fan.

7. The propulsion system of claim 3, wherein the first and second
electric machines are each DC electric generators, wherein the first electric machine is
configured to generate a positive DC voltage, wherein the second electric machine is
configured to generate a negative DC voltage, wherein the positive DC voltage is

substantially the same magnitude as the negative DC voltage.

8. The propulsion system of claim 1, wherein the compressor section
and the turbine section of the gas turbine engine together define at least in part a core
air flowpath, wherein the electric machine is positioned at least partially inward of the
core air flowpath along a radial direction of the gas turbine engine, and wherein the
electric machine is mounted at least partially within or aft of the turbine section along

an axial direction of the gas turbine engine.
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9. The propulsion system of claim 1, wherein the electric machine is an
electric generator, and wherein the baseline voltage magnitude is at least about 500

volts of electrical power.

10.  The propulsion system of claim 1, wherein the electric
communication bus comprises an intermediate section, wherein the intermediate
section comprises an electric cable positioned within a conduit containing a cooling

fluid.

11.  The propulsion system of claim 1, further comprising: a cooling
system, wherein the electric communication bus includes a first juncture block for
electrically connecting an intermediate section of the electric communication bus to
the electric machine, wherein the cooling system is configured to actively cool the
first juncture block, and wherein the intermediate section is an uncooled section of the

electric communication bus.

12. A propulsion system for an aeronautical device comprising:

an electric propulsor;

a first gas turbine engine comprising a rotary component;

a first electric machine coupled to the rotary component of the first gas
turbine engine, the first electric machine being a center-tapped to ground AC electric
generator;

a second gas turbine engine comprising a rotary component; and

a second electric machine coupled to the rotary component of the second
gas turbine engine, the second electric machine being a center-tapped to ground AC
electric generator; and

an electric communication bus electrically connecting the first electric
machine and second electric machine to the electric propulsor, the electric
communication bus comprising at least one AC-t0-DC converter for converting an AC
voltage from the first electric machine to a positive DC voltage and an AC voltage
from the second electric machine to a negative DC voltage for powering the electric

propulsor.
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13.  The propulsion system of claim 12, wherein the AC voltages from
the first and second electric machine each define a baseline voltage magnitude, and
wherein the positive DC voltage and the negative DC voltage define a net differential

voltage equal to about twice the baseline voltage magnitude.

14.  The propulsion system of claim 12, wherein the AC voltages from
the first and second electric machine each define a baseline voltage magnitude, and
wherein the electric communication bus further comprises a DC-to-AC converter for
converting the positive DC voltage and the negative DC voltage to an AC voltage

defining a net differential voltage equal to about twice the baseline voltage magnitude.

15. A propulsion system for an aeronautical device comprising:

an electric propulsor;

a first gas turbine engine comprising a rotary component;

a first electric machine coupled to the rotary component of the first gas
turbine engine, the first electric machine being a DC electric generator configured to
generate a positive DC voltage substantially at a baseline voltage magnitude;

a second gas turbine engine comprising a rotary component; and

a second electric machine coupled to the rotary component of the second
gas turbine engine, the second electric machine being a DC electric generator
configured to generate a negative DC voltage substantially at the baseline voltage
magnitude; and

an electric communication bus electrically connecting the first electric
machine and second electric machine to the electric propulsor to provide the electric
propulsor a net differential voltage equal to about twice a magnitude of the positive

DC voltage.

16.  The propulsion system of claim 15, wherein the electric propulsor is

a boundary layer ingestion fan.
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