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Aero-propulsive benefit, 259
AEV. See Vehicle, all-electric
Air cycle system, 234
Aircraft
all-electric, 26, 192, 268
commuter, 263
electrified, 256
fully turboelectric, 6
hybrid wing body, 2
parallel hybrid, 265
parallel hybrid electric, 6
partially turboelectric, 6, 268
regional, 263
requirements, 260
Series hybrid, 267
tube-and-wing, 2
turboelectric, 266
turbofan, 6
Amprius, 199
ANPC, 178
APU. See auxiliary power unit
Architecture, 256
ASSB. See Battery, all-solid-state
Assessment, 256
ATR 42-500, 19
Auxiliary power unit, 32, 37, 268
Axial flux PMSM, 70

Baseline, 256
Baseline Technology Projection, 270
Battery
all-solid-state, 201
Aluminum-air, 207
anode, 198
cathode, 198
cell specific energy, 200
cycle life, 194
flow, 204
general, 225, 235, 237
Lithium-air, 201
lithium-ion, 190
lithium-oxygen, 201
lithium-sulfur, 200
mass, 196

mass fraction, 196

metal-air, 208

pack specific energy, 196, 200

redox flow, 205

weight fraction, 196
Battery management, 225
Battery management system, 201
Battery-Electric Propulsion System, 224
B-H curve, 160
Bipolar junction transistor (BJT), 170
BLI, See Boundary layer ingestion
Blockchain efficiency, 284
Block energy, 285
Block fuel, 197
Block fuel burn, 285
Boeing 777, 12
Boundary layer ingestion, 2, 265, 267-268
BPR. See Bypass ratio
Brake specific fuel consumption (BSFC), 276
Breakers. See Contactors
Breakeven analysis, 10
Breakeven assumptions, 6
Breakeven curves, 16
Breguet range equation, 8
BTP. See Baseline Technology Projection
Bureau of Transportation Statistics (BTS), 286
Bus power control unit, 45
Bypass ratio, 2, 261

Capacitor, 176
Cash operating cost, 259
Cathode
nanostructured, 201
porous, 201
Climb rate capability, 261
Coefficient of performance, 234
Complementary metal-oxide semiconductor
(CMOS), 170
Compressor, 232
Concept of Operations, 269
Conceptual design, 259
Condenser, 232
CONOPS. See Concept of Operations
Constraint analysis, 282
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Constraints, 259
Contactors, 43

electromechanical, 44

solid state power controller, 44, 46
Control loops, 131
Control platform, 131-132
Convection, 63
Conventional takeoff and landing (CTOL), 277
Core specific power, 276
C-rating, 194
Cryo-coolers, 101

Brayton cycle, 102

Carnot efficiency, 106

efficiency, 102

Gifford McMahon (GM), 103

power density, 102

Stirling, 102

SWaP, 102
Cryogenic power electronics

benefits, 151

cooling, 178

dynamic characteristics, 155

magnetics, 152

static characteristics, 155
Cryogenic temperatures, 108, 153, 170, 174
CTOL. See Conventional takeoff and landing
Current commutation, 140

Degree of hybridization, 266
Design space, 283

Direct operating costs, 265
Distributed propulsion, 2

EA. See Aircraft, electrified
EDT. See electric drivetrain
EIS. See Entry-into-service
Electric drive

efficiency, 8

specific power, 8

system, 3
Electric drivetrain, 224-225
Electric machines

copper loss, 62

current density, 62

design drivers, 51-52

electric loading, 60

electrical frequency, 38, 61, 77

electromagnetic loading, 60

electromagnetic torque, 60

force production, 60

forced convection cooling, 64

high specific power, 49, 61, 73

high speed, 64

High Speed index, 65, 74

induction, 69

magnetic loading, 60

mass density, 66
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mass distribution, 73
mechanical output power, 60
permanent magnet synchronous, 69
pole count, 37, 61
power density, 66
rotor volume, 62
scaling, 68
shear stress, 60, 78
sizing equation, 61
slot copper packing factor, 62
slot depth, 62
slot width, 62
state-of-the-art, 72, 79, 116
surface force density. See Electric machines:
shear stress
switched reluctance, 69
temperature limitations, 63
tip speed, 62, 74
tooth width, 62
torque per unit rotor volume (TRV), 60
wound-field synchronous, 34, 56, 69, 72
Electric power system, 29
break power transfer, 40
common cause analysis, 35
common mode analysis, 35
double voltage system, 38
fault-tolerant, 30
frequency, 36
future trends, 39
high voltage dc, 39
isolated, 40
load management, 46
no-break power transfer, 40
parallel configuration, 41
particular risk analysis, 35
power cables, 117
reliability, 31, 33
single-channel configuration, 40
single-line diagram, 33
software control, 46
variable frequency ac, 38
voltage, 36, 120
wiring, 31
zonal safety analysis, 35
Electric propulsion power, 11
Electrical propulsion fraction, 7
Electrically Variable Engine, 266
Electrification, 256
Electromagnetic interference, 150
Emergency control unit, 45
EMI emissions, 135
Emissions, 259
Emissions Databank, 271
Energy mass efficiency, 214
Energy specific air range (ESAR), 284
Engine oil, 226
Engine weight, 273
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Entry-into-service, 256

Environmental Protection Agency (EPA),
288

eTaxi, 270

ETOPS. See Extended Operations

Evaporator, 232

Eviation, 195

eVTOL, 192, 197

Extended Operations, 260

FAA. See Federal Aviation Administration
Fan, 228
efficiency, 243
power, 243
pressure ratio, 243, 266
Fan air, 226
Federal Aviation Administration, 29, 260
Code of Federal Regulations, 30
Federal Aviation Rules, 30
Feeder, 224
Ferrite, 160
Field-effect transistor, 44
Figures of merit, 256
Filters, 133
Fluid density, 240
Fluid power, 240
FOM. See Figures of merit
Friction factor, 242
Fuel cells, 190
Fuel specific air range, 284
Fuel weight fraction, 196
FUELEAP, 212
Fueled-Engine Propulsion System, 224

Gallium nitride (GaN), 147, 152
Gate drive, 169

Generator, 224

Generator control unit, 45
Ground power control unit, 45

Halbach magnet array, 69
Heat capacity, 235
Heat duty, 234
Heat exchanger, 226
air oil cooler, 226, 232, 243
effectiveness, 245
engine oil, 227
fuel oil cooler, 232, 249
fuel-cooled, 227
overall heat transfer coefficient, 244
plate-fin cross-flow, 245
UA, 245
Heat flow capacity, 245
Heat flow rates, 238
Heat pump, 228-229, 234
Heat sink, 227, 229
Heat transfer coefficient, 244

HEV. See Vehicle, hybrid-electric
hFan, 16

High electron mobility transistors (HEMTs), 152

Hot day, 225

HTS cables, 118

HWB. See Aircraft, hybrid wing body
Hybrid-fueled propulsion systems, 224
Hybridization parameters, 282

IGBT, 130, 145, 152

Induction machine, 71, 113
solid rotor, 71

Inductor, 174

Influit Energy, 206

International Civil Aviation Organization (ICAO),

271
International Standard Atmosphere, 225
Inverter, 136

Key performance parameters, 5
Kokam, 195
KPP. See Key performance parameters

Lapse rate, 261
Lift-to-drag ratio, 2, 196
Liquid electrolyte, 199
Liquid hydrogen, 105
Liquid nitrogen, 106
Lithium-metal, 199
LNG, 102

Maintenance, repair, and overhaul, 265
Mass flow rate, 238, 240, 244
Matrix converter, 139-140
MEA, 176
MIL-PRF-21480B, 36
MIL-STD-704F, 36, 39
Mission analysis, 282
Morphological matrix, 263
MOSFET, 130, 145
Motor, 224
efficiency, 240
Motor drive, 224, 237
MRO. See Maintenance, repair, and overhaul
Multifunctional structures, 190
Multi-phase machines, 143

N+3 Conventional Configuration, 16

N3A, 14

N3CC. See N+3 Conventional Configuration
N3-X, 3, 266

Nanocrystalline, 160

Nanomolecules, 206

NASA, 124, 176

National Academy of Sciences, 260

Normal day, 226

NTU, 245
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One engine inoperative OEI, 261
Overall pressure ratio (OPR), 272
Over-the-wing propulsors, 265

Part 25, 261
Passenger class, 260
Passenger count PAX, 260
Payload, 260
Peak power shaving, 278
PEGASUS, 5
PEM. See Proton exchange membrane
Performance assessment process,
256
Performance metrics, 284
Permanent magnet generator, 37
Permanent magnet synchronous machine,
69
Phase-change materials, 235
Power density, 194
Power devices, 152
Power distribution and protection,
29-31
Power electronic converters, 130
cooling, 132
fault tolerance, 144
integration, 135
losses, 146
multi-level, 138
power density, 132
Technology Readiness Level, 135
topology, 135
Power generation, 30
Power management, 267
Power quality, 29, 35, 44, 133
Power semiconductor devices, 132
Power stage, 150, 166
Powertrain architecture
All Electric, 52
All Turboelectric, 52
Parallel Hybrid Electric, 52
Partially Turboelectric, 52
Series Hybrid Electric, 52
Series/Parallel Partial Hybrid Electric,
52
Probability of failure, 31-32
Propulsion motor, 237
Propulsive device, 279
Propulsive efficiency, 264
Propulsor efficiency, 280
Proton exchange membrane, 206
Pump, 228-229
efficiency, 240
input power, 240
part load performance, 240
pressure rise, 240

Quench, 107
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Radiation, 63

Ram air, 226

Ram air turbine RAT, 32, 34
Rectifier, 39, 141, 224
Refrigerant, 233

Relays. See contactors
Rolls-Royce, 213

Safety assessment, 180
Semiconductor power devices, 152
Short circuit, 173
SiC. See Silicon carbide
Sila Nanotechnologies, 199
Silicon, 199
Silicon carbide, 135, 147, 152
Single engine concepts, 262
Sizing and synthesis, 259
Skin cooling, 226
SOA. See State-of-the-art
Solid Oxide Fuel Cell SOFC, 211
SolidEnergy, 200
Specific energy, 192, 268
Specific heat, 235
Specific power, 49, 61, 228, 267
Standards, 133
STARC-ABL, 4, 268
State-of-the-art, 256
Structural mass efficiency, 214
SUGAR, 265
Supercapacitors, 190, 212
Superconducting cables, 117, 121
Superconducting machines
ac homopolar, 112
active shielding, 123
advantages, 88
air-core, 110
asynchronous, 113
cooling, 101
dc homopolar, 114
demonstrations, 116
efficiency, 89
fully superconducting, 109
partially-superconducting, 110
short circuit, 108
specific power, 88
thermal management, 89
Superconductors, 89
ac loss, 92
bulk, 90, 124
coupling losses, 94
critical current, 91
critical field, 91
Critical State Model, 92
critical surface, 91
critical temperature, 90-91
eddy current losses, 94
HTS, 90-91, 110, 112
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Superconductors (cont.)
Meissner effect, 90
MgB,, 91, 97, 110
multi-filamentary wire, 94-95
NbsSn, 91, 107
Nb-Ti, 91
operating current, 94
strain, 106
transport current loss, 96
Superdielectrics, 213
Switched reluctance machine, 72
Switching frequency, 133, 138

Technology progression, 271
Technology readiness level, 117, 271
Technology S-curves, 258
Temperature lift, 234
Thermal efficiency, 264
Thermal management system, 201, 236
optimization, 248
performance, 248
Thermal mass, 235
Thin-haul, 195, 263

Thrust specific fuel consumption (TSFC), 276

Thrust-to-power ratio, 280
Thrust-to-weight ratio, 282

TMS. See Thermal management system
Total life cycle carbon emissions, 286
Transformer rectifier unit, 33, 37

Trip fuel, 285

Turbine/rotor inlet temperature, 272

Vapor cycle system VCS, 232
Vehicle
all-electric, 256
hybrid-electric, 256
Volumetric energy density, 206
Volumetric flow rate, 240

WESM. See Electric machines:wound-field
synchronous

Wing loading, 282

X-57, 268

Zunum, 195
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