1/2

2019 AIAA/IEEE Electric Alrcraft
Technologies Symposium
(EATS 2019)

Indianapolis, Indiana, USA
19-22 August 2019

Pages 1-4638

I E E E IEEE Catalog Number: CFP19P39-POD
° ISBN: 978-1-7281-6675-9



Copyright © 2019, American Institute of Aeronautics and Astronautics
All Rights Reserved

*** This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP19P39-POD
ISBN (Print-On-Demand): 978-1-7281-6675-9
ISBN (Online): 978-1-62410-590-6

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

proceedings



TABLE OF CONTENTS

FUEL BURN AND ENERGY CONSUMPTION REDUCTIONS OF A SINGLE-AISLE CLASS

PARALLEL HYBRID PROPULSION SYSTEM ....oooiiiiiic ettt ettt st s bt s sata e eabe e e stae e e nanae s 1
C. Lents, L. Hardin
HYBRID-ELECTRIC REGIONAL JET AIRCRAFT OPERATION EFFICIENCY ....ccococoiiiiiiiiieecee e, 13

G.E. Wroblewski, P.J. Ansell
EVALUATION OF A REGIONAL AIRCRAFT WITH FUSELAGE BOUNDARY LAYER

INGESTION L.tttk b e b e st e ke e R e e b e e st e ke e R b e A h e e s s ekt oAb e e h e e R e e bt e m b e nb e e s e e ebeenbenbe e b e e besaeenbenbeans 35
M. Secchi, P.T. Lacava, L.G. Trapp, R.F.G. Ribeiro
ADVANCED ELECTRIC DRIVES FOR AEROSPACE ELECTRIC AND HYBRID PROPULSION ...........ccococ.... 52

E.D. Ganev, A. Salam

DEVELOPMENT OF AN 11 KW LIGHTWEIGHT, HIGH EFFICIENCY MOTOR CONTROLLER

FOR NASA X-57 DISTRIBUTED ELECTRIC PROPULSION USING SIC MOSFET SWITCHES...........ce.......... 66
M. Garrett, D. Avanesian, M. Granger, S. Kowalewski, J. Maroli, W. Miller, R. Jansen, P. Kascak

COMMON MODE EMI FILTER DESIGN FOR SI AND SIC INVERTERS IN AN AEROSPACE

DRIVE SYSTEM ...ttt ettt ettt e e e e e e ba e e e e bt e e e ea b e e e e baeeeeabbe e e sabeeesbeeeeasbbeeeaabeeeabeeeeesbeeeesabeeesabaeesnreas 74
W. Perdikakis, B. Hall, M. Scott, K.J. Yost, A. Sheets, C. Kitzmiller

GROUNDING TOPOLOGIES FOR RESILIENT, INTEGRATED COMPOSITE ELECTRICAL

POWER SYSTEMS FOR FUTURE AIRCRAFT APPLICATIONS ... s 84
C.E. Jones, M. Sztykiel, R. Pena-Alzola, P.J. Norman, G.M. Burt
A TOOL FOR MODELING AND ANALYSIS OF ELECTRIFIED AIRCRAFT POWER SYSTEMS................... 100

P.A. Hanlon, G.L. Thomas, J.T. Csank, D.J. Sadey

HEAVY-DUTY UAV ELECTRIC PROPULSION ARCHITECTURES AND MULTI-TIMESCALE

MULTI-PHYSICS MODELING.......oocoitii ittt e ett e e et e e e st e e s etaeeeebbeeesabeeesbeeeeebreeesabeeesbanaennes 116
Y. Cao, A.P. Thurlbeck

THERMAL INTEGRATION OF A HIGH-FREQUENCY HIGH-SPECIFIC-POWER MOTOR

WITHIN ELECTRICALLY VARIABLE ENGINE ......coiiitiicice sttt st ae v s sta e sva e naee e 129
X.Yi, K.S. Haran

USING MULTI-PHYSICS SYSTEM SIMULATION TO PREDICT BATTERY PACK THERMAL

PERFORMANCE AND RISK OF THERMAL RUNAWAY DURING EVTOL AIRCRAFT

(@] = AN I 1]\ OO URPROPRR 139
J. Harrison, D. Charles, J. Zenker, E. Frank

AIRCRAFT CONCEPTUAL DESIGN INCLUDING POWERTRAIN SYSTEM ARCHITECTURE

AND DISTRIBUTED PROPULSION ....oooiiiiitece ettt ettt ste et sta e s va e saaessbe e s taassbaesaseenteesasasabeestaeeseesnseenreeannas 152
F. Orefice, P.D. Vecchia, D. Ciliberti, F. Nicolosi

PARALLEL HYBRID PROPULSION SYSTEM FOR A REGIONAL TURBOPROP:

CONCEPTUAL DESIGN AND BENEFITS ANALYSIS ...ttt sttt sree s e 174
T. Spierling, C. Lents

A HIGH EFFICIENCY LOW NOISE VTOL/ESTOL CONCEPT USING COFLOW JET AIRFOIL........c.cce.vu.. 184
G. Zha, Y. Ren, J. Gan, D. Espinal

ON THE FEASIBILITY OF A LISBATTERY FOR AIRCRAFT ELECTRIC PROPULSION..........cccceeevviiiieiiiens 209

R. Hess, R. Arbogast, C. Parke, A. Subramaniam, S. Kolluri, V. Subramanian

A SIMULATION TOOL FOR BATTERY LIFE PREDICTION OF A TURBO-HYBRID-

ELECTRIC REGIONAL JET FOR THE NASA ULI PROGRAM .....cooiiiiiiiiiitce s 225
M. D'Arpino, M. Cancian, A. Sergent, M. Canova, C. Perullo

A NEW DEVELOPMENT STRATEGY OF LIGHT WIGHT SOLID OXIDE FUEL CELLS FOR

ELECTRIFIED AIRPLANE SYSTEM ...ttt bbbttt a et b e bt e be e nbe e e b s 234
S. Hashimoto, T. Hirota, K. Suzuki, T. Namioka, H. Ito, R. Miyata, H. Takamura, K. Yoshimi, K. Kobayashi, K.
Yashiro, T. Kawada, N. Kijima, T. Tsuchiya, T. Manabe, T. Kojima, K. Okai

CONTROL OF A DC-DC CONVERTER AS AN ACTIVE FILTER IN COMBINATION WITH

SWITCHED RELUCTANCE GENERATORS FOR GAS TURBINE APPLICATIONS ...t 240
D. Pham, A. Klein-Hessling, R.W. De Doncker

DEVELOPMENT OF A HIGH POWER DENSITY MEGAWATT-SCALE MEDIUM-VOLTAGE

POWER CONVERTER FOR AIRCRAFT HYBRID-ELECTRIC PROPULSION SYSTEMS..........ccccooiinieenn. 258
D. Zhang, J. He, D. Pan, M. Dame, M. Schutten



MW-CLASS CRYOGENICALLY-COOLED INVERTER FOR ELECTRIC AIRCRAFT

N e o I 1 AN I 1 N 1 TSR 264
F. Wang, R. Chen, H. Gui, J. Niu, L. Tolbert, D. Costinett, B. Blalock, S. Liu, J. Hull, J. Williams, T. Messer, E.
Solodovnik, D. Paschedag, V. Khozikov, C. Severns, B. Choi

HEALTH MANAGEMENT AND PROGNOSTICS FOR ELECTRIC AIRCRAFT POWERTRAIN.........cccccveunee. 273
C. Kulkarni, M. Corbetta

ELECTROMAGNETIC MASS AND EFFICIENCY OF MAGNETIC GEARS FOR ELECTRIFIED

N L A e SRR 286
T.F. Tallerico, J.J. Scheidler, Z.A. Cameron

HARDWARE-BASED FORMULATION AND VALIDATION OF SYNCHRONOUS MACHINE

MODELS FOR AEROSPACE ELECTRIC POWER SYSTEMS .....coi it 311
B.A. Robbins, W. Perdikakis, C. Kitzmiller, K.J. Yost

DESIGN OF A MAGNETIC GEAR FOR NASA'S VERTICAL LIFT QUADROTOR CONCEPT

Y4 = O I OSSPSR 323
T.F. Tallerico, Z.A. Cameron, J.J. Scheidler

STUDY OF ELECTRO-MECHANICAL INTERACTION IN MICRO GAS TURBINE ENGINE

GENERATOR SYSTEM FOR MORE ELECTRIC APPLICATIONS ......ooi ittt see e 344
K.N. Sudheendra, K. Sakinala, D. Kashireddy, S. Hosamane, V. Upadya, D. Kumar, L. Cheng

HYBRID ASSISTED REGENERATIVE TURBOFAN ENGINE: A CASE STUDY FOR XWB-84

L1V (@B 1 1@ 2N I [ ]\ OSSPSR PPN 358
R. Yousaf, A. Sarosh, H. Talat, R. Wajid

AVIATION ELECTRIFICATION - CHOOSING YOUR MOTOR TOPOLOGY AND MATERIAL

ADVANCEMENTS .ottt e e se e e et e b e s et e e se et et eee e e snese e e e e e e seeane 370
N/A
DEVELOPMENT OF A MAXWELL X-57 HIGH LIFT MOTOR REFERENCE DESIGN........c..cocooiiiiiie, 411

D.L. Hall, J.C. Chin, A.D. Anderson, J.T. Thompson, A.D. Smith, R.D. Edwards, K.P. Duffy

DESIGNING AN ADVANCED ELECTRICAL MOTOR FOR PROPULSION OF ELECTRIC

F AN 1 O 2 Y Y e OO R TP TU R PPPRRPTRPRN 435
D. Golovanov, D. Gerada, Z. Xu, C. Gerada, A. Page, T. Sawata

DESIGN OF HIGH-SPEED PERMANENT MAGNET MACHINE FOR AEROSPACE

[ O T 1 ] 1 L PSR TRRR 447
J.A. Swanke, D. Bobba, T.M. Jahns, B. Sarlioglu

POWER ALLOCATION AND GENERATOR SIZING OPTIMISATION OF MORE-ELECTRIC

AIRCRAFT ON-BOARD ELECTRICAL POWER DURING DIFFERENT FLIGHT STAGES........c..cccevvevvenee. 459
X. Wang, J. Atkin, C. Hill, S. Bozhko

ELECTRIC PROPULSION SYSTEM OPTIMIZATION FOR LONG-ENDURANCE AND SOLAR-

POWERED UNMANNED ATRCRAFT ..ottt sttt sba et st et sbe et e beesaesbeebesbeestesbeanbenbaeseentean 469
0O.D. Dantsker, M. Caccamo, S. Imtiaz

HIERARCHICAL MODEL PREDICTIVE CONTROL FOR REAL-TIME ENERGY-OPTIMIZED

OPERATION OF AEROSPACE SYSTEMS ...ttt ettt se et snee e nteesnaeetaesneeenseesnanesnaesnneenes 493
Z.Jiang, S.A. Raziei

SCALABLE GRAPH THEORY APPROACH FOR ELECTRIC AIRCRAFT POWER SYSTEM

OPTIMIZATION Lottt ettt e et e e ettt e e e s bt e e ettt e e e eabeeesabaeeaabbeeeebbeeesabeaesbbaeeesbbeeesabeeeaasbeeeeabeeesabeeesteeeans 509
D. Lawhorn, V. Rallabandi, D.M. lonel
OPTIMIZED LV LOADS ALLOCATION FOR MEA ELECTRICAL POWER SYSTEMS.........ccccovi v, 514

C. Spagnolo, V. Madonna, S. Sumsurooah, C.1. Hill, S. Bozhko

SIZING AND PERFORMANCE ANALYSIS OF A TURBO-HYBRID-ELECTRIC REGIONAL JET

FOR THE NASA ULI PROGRAM ...ttt ettt ettt ettt e e et e e e et e e e s ba e e e ette e e e bt e e e sabeeeabeaaeasteeesabeeesnbanaaanns 522
C. Perullo, A. Alahmad, J. Wen, M. D'Arpino, M. Canova, D.N. Mavris, M. Benzakein

FURTHER DEVELOPMENT AND VALIDATION OF NASA X-57 MAXWELL MISSION

PLANNING TOOL FOR MODS HTAND IV ...ttt ettt ettt ettt e e e etae e s sata e e s etaeeesnbaeesartaeeannes 537
S.L. Schnulo, D.L. Hall, J.C. Chin, A.D. Smith

COMMERCIAL HYBRID ELECTRIC AIRCRAFT THERMAL MANAGEMENT SYSTEM

DESIGN, SIMULATION, AND OPERATION IMPROVEMENTS ...ttt 551
J.M. Rheaume, M. Macdonald, C.E. Lents

MONTE CARLO SIMULATION OF EMISSIONS AND ENERGY MODEL OF CIVIL AIRCRAFT

CONCEPTS PROPELLED BY HYDROGEN FUEL CELLS .......ooiii ettt 574
J.R. Smith

AN ANALYSIS OF ELECTRICAL ARC BEHAVIOR WITH RADIATED FIELD FOR AIRBORNE

APPLICATION IN HVDC ...ttt ettt ettt ettt e e e e e e e e e eba e e e e aba e e e sab e e e sbaeeeeaaaeeesabeeesbeeeaesabeeesnbeeesbeeeaanes 599
J. Rivenc, V.R.P. Bonilla, R. Perraud, C. Marot, D. Chassaigne, G. Peres, L. Ybanez



AC LOSS OF SUPERCONDUCTING MATERIALS- REFINED LOSS ESTIMATES FOR VERY

HIGH DENSITY MOTORS AND GENERATORS FOR HYBRID-ELECTRIC AIRCRAFT: MGB,

WIRES, COATED CONDUCTOR TAPES AND WIRES........c.ooo ittt sae et snna e snae e 615
M.D. Sumption, F. Wan, M. Rindfleisch, M. Tomsic

PROGRESS TOWARD THE CRITICAL DESIGN OF THE SUPERCONDUCTING ROTOR FOR

NASA'S 1.4~MW HIGH-EFFICIENCY ELECTRIC MACHINE .....c.ccoiiiiiiie s 623
J.J. Scheidler, T.F. Tallerico, W.A. Miller, W. Torres

INFLUENCE OF THERMAL AND ELECTRICAL TURN-TO-TURN SHARING ON QUENCH

PROTECTION IN SUPERCONDUCTING COILS FOR VERY HIGH DENSITY MOTORS AND

GENERATORS FOR HYBRID-ELECTRIC AIRCRAFT ..ottt se et sae et s e e nnae e e sneannnaenns 636
M.D. Sumption, M. Majoros

EXPLORING OPTIONS FOR INTEGRATED CRYOGENIC CIRCULATION LOOP OF

SUPERCONDUCTING POWER DEVICES ON ELECTRIC AIRCRAFT ...ccoiiiiiiee e 643
I. Barnola, D. Freeman, P. Cheetham, S. Yang, C.H. Kim, S. Pamidi
A CONTROL STRATEGY FOR TURBINE ELECTRIFIED ENERGY MANAGEMENT .......cccooiiiiiiiiicncies 651

J.L. Kratz, D.E. Culley, G.L. Thomas

A METHOD FOR DETERMINING OPTIMAL POWER MANAGEMENT SCHEDULES FOR

HYBRID ELECTRIC ATRPLANES . ..ottt sttt et e e te e snt e e e e sseeetaesneeetaennaeesneennneenees 670
D. Trawick, K. Milios, J.C. Gladin, D.N. Mavris

EXERGY/ENERGY DYNAMICS-BASED INTEGRATIVE MODELING AND CONTROL FOR

DIFFICULT HYBRID AIRCRAFT MISSIONS ...ttt sttt sbe ettt ssaesbe st nbesbeeaesteenaens 691
M.D. llic, R. Jaddivada

EVALUATION OF ELECTRICAL SYSTEM REQUIREMENTS FOR IMPLEMENTING

TURBINE ELECTRIFIED ENERGY MANAGEMENT ....ooiii et nae e n 724
J.L. Kratz, D.E. Culley, G.L. Thomas

FAULT DETECTION AND IDENTIFICATION FOR MULTIROTOR AIRCRAFT BY DATA-

DRIVEN STATISTICAL LEARNING METHODS ...ttt ste e sta e sne e ae et esnaaennneaneas 743
A. Dutta, M.E. McKay, F. Kopsaftopoulos, F. Gandhi

CHALLENGES IN VEHICLE SAFETY AND OCCUPANT PROTECTION FOR AUTONOMOUS

ELECTRIC VERTICAL TAKE-OFF AND LANDING (EVTOL) VEHICLES........ccccoiiiiiiiinnnieceas 762
J.D. Littell

CURRENT CAPABILITIES AND CHALLENGES OF NDARC AND SUAVE FOR EVTOL

AIRCRAFT DESIGN AND ANALYSIS ..ottt 778

J.M. Vegh, E. Botero, M. Clark, J. Smart, J.J. Alonso

DESIGN OF MORE ELECTRIC AIRCRAFT DC POWER DISTRIBUTION ARCHITECTURES

CONSIDERING RELIABILITY PERFORMANCE ...ttt ettt ettt ettt a s aaa e et e e s eaaea e snbaee e 797
A.A. Recalde, S. Bozhko, J. Atkin

ELECTRIC PROPULSION AND OTHER OPTIONS TO REINVIGORATE GENERAL AVIATION.................. 806
R.N. Rezende

POT-ABILITY ASSESSMENT OF LITZ WIRES FOR HIGH POWER DENSITY ELECTRIC

E.S.E. Shin

THERMAL ANALYSIS OF POTTED LITZ WIRE FOR HIGH POWER DENSITY AEROSPACE

ELECTRIC MAGCHINES. ... ..ottt e st e st e et e e st e e s aeesabe e teeesteesateenbeesteeesteesnseenteeanneesaeesnreanres 828
A.A. Woodworth, A. Smith, W. Sixel, R. Edwards, R. Jansen, S. McCormick, M. Robbie, G. Szpak, P. Naghipour,
E.S. Shin

HIGHLY THERMALLY CONDUCTIVE INSULATION FOR HIGH POWER DENSITY

ELECTRIC MAGCHINES. ... oottt et e et et e s s e et e e s e e sseesnteeseeesteeameeenteesseeesteeaneeenteeenanenneenneeanees 841
W. Yin, A. Yakimov, H. Comanzo, O. Siclovan, P. Smigelski, J. Gao, K. Bodla, A. Duggal

DEVELOPMENT OF HIGH VOLTAGE MICRO-MULTILAYER MULTIFUNCTIONAL

ELECTRICAL INSULATION (MMEI) SYSTEM ..ottt sttt stesne e 848
E.S.E. Shin

PARTIAL DISCHARGE MANAGEMENT AND ARC DETECTION FOR HIGH VOLTAGE

AIRCRAFT DISTRIBUTION SYSTEMS ... oot bbb 862
L. Xing, X. Wu, C.E. Lents

HIGH EFFICIENCY MEGAWATT MOTOR PRELIMINARY DESIGN .....cccooiiiiiiiiiieee e 871

R.H. Jansen, P. Kascak, R. Dyson, A. Woodworth, J. Scheidler, A.D. Smith, E. Stalcup, T. Tallerico, Y.D. Jesus-
Arce, D. Avanesian, K. Duffy, P. Passe, G. Szpak
EXPERIMENTAL VALIDATION OF ROTOR ECCENTRICITY MODEL OF A SLOTLESS PM
SYNCHRONOUS MACHINE.......ooiiititi ettt bttt b b bttt eb bbb et et 884
A.K. Yoon, Y. Wang, A. Anderson, D. Lee, K. Haran



HIGH EFFICIENCY MEGAWATT MOTOR ROTATING CRYOCOOLER CONCEPTUAL

DIESIGN ...ttt e e ettt oottt e e ettt e e e etteeeeabeeeeebeeeeasbeeeeaabeeeabeeeeasbeeeeaateeeateeaeeateeeabeeeaabbeeeaareeeanreeeateeeaanes 893
R.W. Dyson, R.H. Jansen, K.P. Duffy, P.J. Passe

DIRECT DRIVE ELECTRIC MOTOR FOR STARC-ABL TAIL-CONE PROPULSOR. ........ccccevevveieece e 908
A. Yoon, F. Arastu, D. Lohan, J. Xiao, K. Haran

PROPULSION MOTOR CONCEPTS FOR AIRPLANES ........oooii ittt sttt saa e s te et e e nnne s 919

S.S. Kalsi, J.G. Storey, K.A. Hamilton, R.A. Badcock

MEGA-WATT CLASS ULTRA-HIGH DENSITY DC-DC CONVERTERS FOR FUTURE

ELECTRIC AIRCRAFT SYSTEMS ...ttt et bbbt e e bbbt et e e be e e ebeannas 930
P. Channegowda, Z.S. Du, S. Dwari, P. Kshirsagar

Author Index





