Modeling and Simulation
Technologies

Papers Presented at the AIAA Aviation Forum 2022

Chicago, lllinois, USA and Online
27 June — 1 July 2022

ISBN: 978-1-7138-5998-7



Printed from e-media with permission by:

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

proceedings

.com

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

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.



TABLE OF CONTENTS

MODELING AND SIMULATION OF AIRCRAFT/UAS/UAM DYNAMICS, SYSTEMS, AND
ENVIRONMENTS |

Trajectory Dynamics Simulation of a Phase Change Lighter-Than-Air System.........ccccccocviviviiveievenene e 1
Kiran Babu, Hemant Nikham, Rajkumar Pant

Modeling and Simulation of Turning Flight of Winged Airship-Payload System Using 9-DOF
MUIIBOAY IMIOUEL ... .ottt bbb bbbttt b ettt n e 13
Om Prakash, Shikhar Purohit

A Model-Based Systems Engineering Evaluation of the Evolution to an In-Time Aviation Safety
MANAGEMENT SYSTEIM ...ttt e bRt b b e e e e bt s b e bt bt e bt e se e s e b nneanenreane s 28
Seydou Mbaye, Garfield Jones, Samantha I. Infeld, Shira Okon, Misty D. Davies

Estimating Aircraft State from Surveillance Data Using Statistical Learning...........ccocoeevereniiinnene s 44
Cody Nichols, Tyler Cook

MODELING AND SIMULATION OF AIRCRAFT DYNAMICS, SYSTEMS, AND
ENVIRONMENTS

X-57 Ground Dynamics Modeling and ANAIYSIS .........coeiiiiiiiii e 58
Loren J. Newton, Ryan D. Wallace

Simulation of an Electric Powered Aircraft for Flight & Mission Performance Evaluation ..............ccccccevvenee. 78
Luca Hein, Stephan Myschik

MODELING AND SIMULATION OF AIRCRAFT/UAS/UAM DYNAMICS, SYSTEMS, AND
ENVIRONMENTS 11

Effects of Asymmetric Tire Stiffness on Aircraft Ground Directional Stability Using Numerical
CoNLINUALTION IMETNOT. ..ottt b et b et eb e et ar e nr e anenn e anennas 90
Qiaozhi Yin, Dexu Kong, Jian Deng, Xiaohui Wei, Jiayi Song

A Novel NDI/INDI Based Guidance Law for Fixed Wing Aircrafts: A Straight Line Trajectory
L2 - TSRS 99
Mengtang Li

Linearization of a Rotor Simulation with a State-Space Free-Vortex Wake Model in a Shipboard
0NV (0T a] 3=l o1 OSSPSR 119
Umberto Saetti

The Investigation of Sidestick Gradient Effects on Handling Qualities in Pilot-In-The-Loop
] 10101 P2 (o SRR 133
Sukru A. Erturk, Salih Volkan Ozkan, Kevin Graeme Vincent

Simulation Studies for an Urban Air Mobility Aircraft Using Hardware-In-Loop Experiments ..................... 151
Chetan S. Kulkarni, Priyank Pradeep, Gano Broto Chatterji



MODELING AND SIMULATION OF UAV/UAM DYNAMICS, SYSTEMS, AND
ENVIRONMENTS

Design, Conduction and Evaluation of Piloted Simulation Mission Task Element Tests for Desired
Behavior Validation of an eVTOL Flight Control SYSteM ........c.ccvieiiiiiiniicieeee e 162
Maximilian A. Wechner, Michael M. Marb, Michael Zintl, David Seiferth, Florian Holzapfel

Evasive Maneuver Trajectory Optimization of an UCAV Against an Air to Air Missile.........ccccoceveivinnnene 180
Ozan Yagci, Melike Nikbay

Development and Controllability Evaluation of a Small-Scale Supersonic UAV .........ccccovivvveievcievesineenn, 192
Benjamin J. Durante, Shaun R. Gair, Alex Ramirez-Serrano, Chris Morton, Craig T.
Johansen

Modeling Review and Recommendations for Ubiquitous Urban Air Mobility Operations ...........c.ccoceevevnene. 210

Brandon E. Sells, William A. Crossley

MODELING AND SIMULATION OF AIRCRAFT/UAS/UAM DYNAMICS, SYSTEMS, AND
ENVIRONMENTS 11

Modeling and Dynamic Analysis of a Distributed Propulsion Tilt-Rotor Aircraft ............cccccoveveviiivininnnnn, 219
Saite Zhang, Yunjie Yang, Xiangyang Wang, Jihong Zhu, Xiaojun Zhang

Preliminary Design of Wind-Aware sUAS Simulation Pipeline for Urban Air Mobility .........ccccocininennns 236
Asma Tabassum, Max DeSantis, He Bai, Nicoletta Fala

Modeling, Simulation and Control of Turboelectric Propulsion Systems for More Electric Aircrafts

USING IMOUEIICA ...ttt bbbt bbbt b bbbt b et 248
Marcelo de Castro Fernandes, Yebin Wang, Hongyu Wang, Dehong Liu, Scott A. Bortoff,
Luigi Vanfretti, Tomoki Takegami

Simulation Framework for Autonomous Search and RESCUE UAVS.........ccecviveiieieiese et 266
Yves Lemmens, Anoosh Hegde, Casper Teirlinck, Gerardo Olivares, Harsh Shah

SIMULATION-BASED SOFTWARE DEVELOPMENT AND VERIFICATION

Development of Validation Strategy for High Precision Simulation Model of Multicopter UAV .................. 277
Thang L. Nguyen, Taeho Kwag, Chiho Lee, Maxim Tyan, Jae-Woo Lee

Development of a Virtual Reality Simulator for eVTOL Flight TeStiNG......c.cocevveviiiiiiie e 287
Michael Zintl, Michael M. Marb, Maximilian A. Wechner, David Seiferth, Florian Holzapfel

Using Pilot Models to Support Urban Air Mobility Design, Analysis and Certification ............cccccccoevvvnnne. 299
Justin Miller, Michael Jones, David H. Klyde, Robert Heffley, Alfredo Arencibia

The Facility for Aerospace Systems and Technology Simulation: FASTSim - An Open Source
Configurable Software in the Loop Simulation ENVIFONMENL ...........c.cceiiiiiiiiieeie et 317
Maxwell J. Cobar, Carlos J. Montalvo



DESIGN, DEVELOPMENT, TESTING, AND VALIDATION OF HUMAN-IN-THE-LOOP
SIMULATIONS

Human-In-The-Loop Evaluation of an Active Sidestick Control System for Aircraft Taxiing...........c.ccce.e..e. 342
Jason Gauci, Marlon Galea, Alan Muscat

User-Centered Evaluation Framework for Training Devices: A U.S. Air Force Case Study ...........ccocevvvnnene. 352
Julian Abich, Eric Sikorski

MODELING AND SIMULATION OF AIRCRAFT/UAS/UAM DYNAMICS, SYSTEMS, AND
ENVIRONMENTS IV

An Extended Low Order Model for Flight Simulation of Aerial Refueling.........ccccvvvviviviiviicieccce e 362
Peter A. Cavallo, Kyle J. Appel, Jeremy D. Shipman, Michael R. O'Gara

A Distributed Hardware-In-The-Loop Simulation Testbed for Swarms of Small Autonomous
WBNICIES ...t bttt h e bt r e E Rt e h R e R e R et R Rt R e r e r e e ane s 376
Zhenhua Jiang, Tejas Patil

Towards Mission Readiness — Applying the Objective Motion Cueing Test to the Apparent Vertical
1LY OSSO PO TRRPTOTRPPR 392
Carsten Seehof, Jan-Philipp Buch, Jana Schwithal

An LQR-LMI Longitudinal Stability Augmentation System for a Subscale Fighter Aircraft with
Variable Center of Gravity POSIION ..........coiiiiiiiiii s 402
Leonardo Nepomuceno, Eder A. Moura, Mauricio A. Morales, Roberto G. Silva, Luiz C. Gbes

Author Index





