
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 978-1-7138-4331-3 

Electric Aircraft Technology 

Online 
9-11 August 2021 

 

Papers Presented at the AIAA Propulsion and Energy Forum 
2021 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The contents of this work are copyrighted and additional reproduction in whole or in part 
are expressly prohibited without the prior written permission of the Publisher or 
copyright holder. The resale of the entire proceeding as received from CURRAN is 
permitted. 
 
For reprint permission, please contact AIAA’s Business Manager, Technical Papers.  
Contact by phone at 703-264-7500; fax at 703-264-7551 or by mail at  
12700 Sunrise Valley Drive, Suite 200, Reston, VA 20191, USA. 

Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 



TABLE OF CONTENTS 

 

ELECTRIC MACHINES I 

POTENTIAL OF MATERIALS TO IMPACT MEGAWATT-SCALE ELECTRIC MACHINES .................... 1 

Andrew Woodworth, Tiffany S. Williams, Marisabel Kelly, William Sixel, E. Eugene Shin, 

Baochau. N. Nguyen, Paria Naghipour 

COMBINED ANALYSIS OF NASA’S HIGH EFFICIENCY MEGAWATT MOTOR AND ITS 

CONVERTER .................................................................................................................................................... 10 

Matthew G. Granger, Aaron Anderson, John M. Maroli, Thomas Tallerico, Justin J. Scheidler 

DESIGN STUDY OF DOUBLE SIDED AXIAL-FLUX MAGNETICALLY GEARED MOTORS 

FOR ELECTRIC AIRCRAFT APPLICATIONS .............................................................................................. 23 

Thomas Tallerico, Justin J. Scheidler, Andrew D. Smith 

DESIGN OPTIMIZATION STUDIES OF PARTIALLY SUPERCONDUCTING MACHINES 

BASED ON NASA’S HIGH EFFICIENCY MEGAWATT MOTOR .............................................................. 47 

Thomas Tallerico, Aaron Anderson, Justin J. Scheidler 

NASA REFERENCE MOTOR DESIGNS FOR ELECTRIC VERTICAL TAKEOFF AND 

LANDING VEHICLES ...................................................................................................................................... 76 

Thomas Tallerico 

ELECTRIFIED AIRCRAFT DESIGN I 

RESULTS FOR AN ELECTRIFIED AIRCRAFT PROPULSION DESIGN EXPLORATION ..................... 117 

Ty Marien, Nathaniel Blaesser, Zachary Frederick, Mark Guynn, Jason Kirk, Kenneth Fisher, 

Steven J. Schneider, Robert Thacker, Peter Frederic 

A LARGE-SCALE AERO-STRUCTURAL OPTIMIZATION FRAMEWORK FOR ELECTRIC 

AIRCRAFT DESIGN ....................................................................................................................................... 133 

Prateek Ranjan, Ghanendra Das, Kai James 

SYSTEM DYNAMICS, MODELING, AND CONTROL 

A REAL-TIME ENERGY MANAGEMENT STRATEGY FOR HYBRID ELECTRIC 

AIRCRAFT PROPULSION SYSTEMS .......................................................................................................... 162 

Anna A. Misley, Matilde D'Arpino, Prashanth Ramesh, Marcello Canova 

DATA-DRIVEN MODELING OF DYNAMIC SYSTEMS BASED ON ONLINE LEARNING .................. 173 

Zhenhua Jiang, Kelly Beigh 

MODELING AND SIMULATION OF NOVEL ELECTRIC/HYBRID ELECTRIC 

MULTICOPTER ARCHITECTURES FOR URBAN AIR MOBILITY ......................................................... 186 

Etienne Demers Bouchard, Johannes Verberne, Matilde D'Arpino, Metin Ozcan, Francesco 

Porpora, Jonathan C. Gladin, Srujal Patel, Cedric Justin 

PARAMETER ESTIMATION AND MODEL VALIDATION OF QUANSER AERO USING 

MODELICA AND RAPID .............................................................................................................................. 210 

Eric Segerstrom, Meaghan Podlaski, Abhijit Khare, Luigi Vanfretti 



ELECTRIFIED PROPULSION SYSTEM ARCHITECTURES I 

CONCEPTUAL DESIGN OF DISTRIBUTED ELECTRIFIED BOUNDARY LAYER 

INGESTING PROPULSORS FOR THE CHEETA AIRCRAFT CONCEPT ................................................. 219 

Durgesh Chandel, Edward M. Greitzer, David K. Hall, John Reband, Thanatheepan 

Balachandran, Jianqiao Xiao, Kiruba S. Haran 

PARTIAL LOAD ANALYSIS OF TURBO ELECTRIC PROPELLING FANS USING 

SUPERCONDUCTING MOTORS .................................................................................................................. 235 

Yutaka Terao, Yusuke Ishida, Hiroyuki Ohsaki, Keiichi Okai, Hideyuki Taguchi 

PERFORMANCE ASSESSMENT OF A DISTRIBUTED ELECTRIC PROPULSION SYSTEM 

FOR A MEDIUM ALTITUDE LONG ENDURANCE UNMANNED AERIAL VEHICLE ......................... 247 

Alex Markov, Gokcin  Cinar, Jonathan C. Gladin, Elena Garcia, Russell K. Denney, Soumya 

S. Patnaik, Dimitri N. Mavris 

PROPULSION CONFIGURATION DESIGN AND ANALYSIS FOR AN EVTOL PASSENGER 

AIR SHUTTLE ................................................................................................................................................ 261 

Nina Ayar, Mujahid Ahmed, Kamil Nocon, Roshan Patel, Tim Green, John Reband, Kiruba S. 

Haran 

HIGH VOLTAGE CONSIDERATIONS 

PARTIAL DISCHARGE INVESTIGATION IN AN AIR-FILLED CAVITY INSIDE SOLID 

DIELECTRIC UNDER LOW-PRESSURE CONDITIONS USING FINITE-ELEMENT 

ANALYSIS ...................................................................................................................................................... 279 

Moein Borghei 

IMPROVED POTTING OF LITZ WIRES FOR HIGH POWER DENSITY ELECTRIC MOTOR .............. 285 

E. Eugene Shin 

CLASSIFICATION OF PARTIAL DISCHARGE IN ELECTRIC AIRCRAFT BASED ON 

SHORT-TERM BEHAVIOR OF INSULATION SYSTEMS ......................................................................... 296 

Moein Borghei 

SUPERCONDUCTING AND CRYOGENIC SYSTEMS AND COMPONENTS 

NOVEL DIELECTRIC FLUIDS FOR SUPERCONDUCTING ELECTRIC AIRCRAFT 

APPLICATIONS .............................................................................................................................................. 306 

Paul Mensah, Peter Cheetham, Chul H. Kim, Sastry Pamidi 

DESIGN OF A 1 MW LTS MOTOR FOR ELECTRIC AIRCRAFT ............................................................. 314 

Charles Swanson, Stephanie J. Thomas, Michael Paluszek, Shahin Pourrahimi 

HOLISTIC APPROACH FOR CRYOGENIC COOLING SYSTEM DESIGN OF 3 MW 

ELECTRICAL AIRCRAFT MOTORS ........................................................................................................... 337 

Sangkwon Jeong, H. W. Weijers, Rodney A. Badcock, Michael Gschwendtner, Alan Caughley, 

Neil Glasson, Sarat Singamneni, Zhenan Jiang, Arvid Hunze, Grant Lumsden, Bokeum Kim 

MULTI-DOMAIN MODELING FOR HIGH TEMPERATURE SUPERCONDUCTING 

COMPONENTS FOR THE CHEETA HYBRID PROPULSION POWER SYSTEM .................................... 346 

Meaghan Podlaski, Abhijit Khare, Luigi Vanfretti, Mike D. Sumption, Phillip J. Ansell 



CORELESS INDUCTOR WITH COPPER CLAD ALUMINUM CONDUCTOR ........................................ 356 

A. Jackson Bush, Afsara T. Khan, Lara Gunesen, Alfonso J. Cruz, Lukas Graber 

ELECTRIC MACHINES II 

RELIABILITY ANALYSIS OF A FAULT-TOLERANT INTEGRATED MODULAR MOTOR 

DRIVE (IMMD) FOR AN URBAN AIR MOBILITY (UAM) AIRCRAFT USING MARKOV 

CHAINS ........................................................................................................................................................... 362 

James Swanke, Thomas M. Jahns 

LOW-COST ANALYSIS METHODS OF AUTOMOTIVE ELECTRIC MACHINES FOR 

AVIATION APPLICATIONS ......................................................................................................................... 370 

Kevin J. Yost, Luke Chen, Zachary Adamson, Tommy Baudendistel, William Perdikakis, 

Chase Kitzmiller, Julia Zhang 

MULTI-PHYSICS BASED ANALYSIS AND DESIGN OF STATOR COIL IN HIGH POWER 

DENSITY PMSM FOR AIRCRAFT PROPULSION APPLICATIONS ........................................................ 383 

Dheeraj Bobba, Zhaoxi Yao, James Swanke, Raphael Mandel, Patrick McCluskey, Thomas M. 

Jahns, Bulent Sarlioglu 

ELECTRIC POWER MANAGEMENT AND DISTRIBUTION 

ELECTRIC AIRCRAFT PROPULSION POWER SYSTEM IMPEDANCE MODELLING 

METHODOLOGY ........................................................................................................................................... 392 

Peter Kascak, Timothy Dever, Ralph Jansen 

POWER QUALITY ANALYSIS FOR A HIGH VOLTAGE POWER SYSTEM FOR URBAN 

AIR MOBILITY APPLICATION .................................................................................................................... 407 

Nuha  S. Nawash, David Sadey, Ross Howard 

A DC POWER SYSTEM TESTBED FOR A MORE ELECTRIC AIRCRAFT APPLICATION .................. 416 

Angel A. Recalde, Serhiy Bozhko, Jason Atkin, Sharmila Sumsurooah 

DESIGN AND SCALING LAWS OF A 40-MW-CLASS ELECTRIC POWER DISTRIBUTION 

SYSTEM FOR LIQUID-H2 FUEL-CELL PROPULSION ............................................................................. 431 

Timothy J. Haugan, Mary Ann P. Sebastian, Chris J. Kovacs, Mike D. Sumption, Bang-Hung 

Tsao 

ELECTRIFIED PROPULSION SYSTEM ARCHITECTURES II 

A MODELLING FRAMEWORK FOR EFFICIENT DESIGN OF ELECTRICAL POWER 

SYSTEMS FOR ELECTRICAL PROPULSION AIRCRAFT ........................................................................ 443 

Catherine E. Jones, Patrick Norman, Graeme Burt 

EXPLORING DESIGN TRADE-OFFS FOR INSTALLED PARALLEL HYBRID 

POWERTRAIN SYSTEMS ............................................................................................................................. 458 

Mavroudis D. Kavvalos, Dimitra E. Diamantidou, Jim Claesson, Michael Sielemann, 

Konstantinos G. Kyprianidis 

OVERALL POWER TRAIN PERFORMANCE ESTIMATION FROM PSEUDO TRANSIENT 

MODELS ......................................................................................................................................................... 474 

Max Arzberger 



ELECTRICAL ENERGY GENERATION AND STORAGE 

BATTERY CELL-TO-PACK SCALING TRENDS FOR ELECTRIC AIRCRAFT ...................................... 490 

Jeff Chin, Karsten Look, Ezra O. McNichols, Dustin Hall, Justin Gray, Sydney L. Schnulo 

INTEGRATED POWER SIMULATION FOR A SOLAR-POWERED, COMPUTATIONALLY-

INTENSIVE UNMANNED AIRCRAFT ........................................................................................................ 505 

Or D. Dantsker, Mirco Theile, Marco Caccamo, Seongyong Hong 

A REEACH FOR CARBON NEUTRAL COMMERCIAL AVIATION ........................................................ 530 

Grigorii Soloveichik, David Tew, Gregory Thiel 

METHODS FOR THERMAL RUNAWAY VALIDATION OF AVIATION BATTERIES.......................... 535 

Jeffrey Belt, Michael J. Armstrong, Michael F. Walz, Eric C. Darcy 

ELECTRIFIED AIRCRAFT DESIGN II 

NUMERICAL AND EXPERIMENTAL CORRELATION ON ELECTRO-HYDRO DYNAMIC 

SYSTEM FOR SMALL AIRCRAFT PROPULSION ..................................................................................... 551 

Antoine Loehrmann, Jean Rivenc, Gilles Peres, Guillaume Dufour, François Rogier, 

Konstantinos Kourtzanidis 

RETROFIT AND NEW DESIGN OF REGIONAL AIRCRAFT WITH HYBRID ELECTRIC 

PROPULSION ................................................................................................................................................. 563 

Yaolong Liu, Haolin Wang, Jiechao Zhang, Tianhong Jiang, Yao Zheng 

IMPACT OF WEIGHT, DRAG AND POWER DEMAND ON AIRCRAFT ENERGY 

CONSUMPTION ............................................................................................................................................. 575 

Charles E. Lents 

POWER ELECTRONICS I 

CRYOGENIC TEMPERATURE CHARACTERIZATIONS OF STATE-OF-THE-ART 

CASCODE 900 V GAN FET ........................................................................................................................... 581 

Yuqi Wei, Md Maksudul Hossain, Rosten Sweeting, Alan Mantooth 

STATIC CHARACTERIZATION AND MODELING OF GAN HEMT AT CRYOGENIC 

TEMPERATURE IN SABER .......................................................................................................................... 592 

Md Maksudul Hossain, Arman Ur Rashid, Yuqi Wei, Rosten Sweeting, Alan Mantooth 

DEVELOPMENT OF HIGH BANDWIDTH POWER HARDWARE-IN-LOOP TEST 

PLATFORM FOR AIRCRAFT HYBRID ELECTRIC PROPULSION .......................................................... 602 

Jung-Muk M. Choe, Parikshith Channegowda, Xin Wu 

PARTIAL DISCHARGE TESTING PLATFORM FOR PWM VOLTAGE SOURCE 

CONVERTERS IN ELECTRIC AIRCRAFT .................................................................................................. 607 

John P. Meadors, Fred Wang 

MISSION OPERATIONS 

FLEET ANALYSIS OF A HYBRID TURBOELECTRIC COMMERCIAL REGIONAL JET 

UNDER NASA ULI PROGRAM .................................................................................................................... 616 

Mingxuan Shi, Gokcin  Cinar, Dimitri Mavris 



ECONOMICAL ASPECTS OF AIRCRAFT PROPULSION ELECTRIFICATION ..................................... 638 

Raphael F. Ribeiro, Luis G. Trapp, Pedro Lacava 

GENERAL AVIATION ELECTRIFICATION: CHALLENGES ON THE TRANSITION TO 

NEW TECHNOLOGIES .................................................................................................................................. 656 

Rene N. Rezende 

POWER ELECTRONICS II 

IMPROVED SHORT-CIRCUIT CAPABILITY WITH “SI+SIC” HYBRID 5-LEVEL ACTIVE 

NPC CONVERTER FOR ELECTRIC AIRCRAFT PROPULSION DRIVES ............................................... 663 

Majid T. Fard, Trevor Arvin, Jiangbiao He 

DESIGN OF A HIGH POWER DENSITY, HIGH EFFICIENCY, LOW THD 250KW 

CONVERTER FOR ELECTRIC AIRCRAFT ................................................................................................. 669 

Matthew G. Granger, David Avanesian, Ralph Jansen, Susanah R. Kowalewski, Alex Leary, 

Randy Bowman, Ariel Dimston, Erik Stalcup, Wesley A. Miller 

DESIGN AND ANALYSIS OF EMI ABSORBING COMPOSITES FOR ELECTRIC 

AIRCRAFT. ..................................................................................................................................................... 677 

Omar Faruqe, Farhina Haque, J. Patrick Donohoe, Chanyeop Park 

THERMAL MANAGEMENT 

ELECTRIC AIRCRAFT THERMAL MANAGEMENT USING A TWO-PHASE HEAT 

TRANSPORT SYSTEM WITH SOLID-STATE THERMAL SWITCHING CAPABILITY ........................ 689 

Jeff Diebold, Calin Tarau, Kuan-Lin Lee, William Anderson, Rodger W. Dyson 

CERAMIC HEAT PIPE FOR THERMAL MANAGEMENT OF A HIGH-FREQUENCY 

INDUCTOR ..................................................................................................................................................... 700 

William Sixel, Massoud Kaviany, Alex Leary 

DEVELOPMENT AND INTEGRATION OF A THERMAL MANAGEMENT SIMULATION 

FOR A QUADROTOR PARALLEL HYBRID PROPULSION SYSTEM ..................................................... 710 

Jeffryes W. Chapman, George L. Thomas 

Author Index 

 




