Multidisciplinary Design
Optimization

Papers Presented at the AIAA Aviation Forum 2025 and
ASCEND 2025

Las Vegas, Nevada, USA
21-25 July 2025

ISBN: 979-8-3313-2799-6



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

A Fast, Memory-Efficient Panel Method for Large-Scale Multidisciplinary Design Optimization
Under Uncertainty Using Graph-Based MOdeling ...........ccooeiiiieiiiiiiieiieeeee et 1
Luca Scotzniovsky, John T. Hvang

Surrogate-Based Uncertainty Quantification of the High-Fidelity Coupled Aero-Structural
Performance of a High-Aspect Ratio Transport AIrcraft..........c.oocevieriieriieiieiecieseeee e 19
Anjali Balani, Philipp Bekemeyer, Lars Reimer

Uncertainty Quantification for Transient Thermal Management..............cccocevirieierieienienese e 36
Jason D. Muff, Rama Gorla, Edwin E. Forster

Virtual Sensing Reliability Characterization for Next-Generation Green Aircraft Resilience ............c.ccccceuenee. 45
Shapeetha Ariyaratnam, Mirko Ermacora, Francesco Di Fiore, Laura Mainini

Quantifying Uncertainty in Space Debris Capture with Active Tether-Net Systems Caused by Noisy
ODSEIVALIONS ...ttt ettt ettt et e e e te e et ebeeaeeseeaeen s e s e ebeebeeaeeseemean s e s e eeeebeeaeeseemeemse s ebeebeeaeaneentansesseaseaneeneeneens 60
Feng Liu, Achira Boonrath, Eleonora Botta, Souma Chowdhury

Large-scale MDO under uncertainty of an eVTOL aircraft using dimension reduction via global
SENSIEIVIEY AIALYSIS ..eueeiueiiiieitiete ettt ettt ettt e et e bt et e st e e st e et e e s bt e bt eneeeneeeneeeneeese e st enteenteeneeeneenneennes 80
Bingran Wang, Marius L. Ruh, Aoran Tian, Luca Scotzniovsky, John T. Hwvang

A Study on Wing Structural Design and Sizing for a Large Battery-Electric Aircraft .........ccoceoevveeiienencncnnen. 94
Zhijun Wang, Roeland De Breuker, Jurij Sodja, Rob E. Wolleswinkel, Reynard de Vries,
Andrea Giuffré

Acroelastic Tailoring of Strut-Braced Wing Using Tow-Steered COmMpOSItes........cceevuerieriereenieenieeieeieneenns 110
Tiangiang Huang, Bara'ah I. Fraihat, Rafic Ajaj

Aeroelastic Tailoring of Hinged High Aspect Ratio Wing Using Tow-Steered Composites ...........cccevueruennee 126
Muhammed Shahan Poomadath, Rafic Ajaj

Penalty-Based Coupling of Non-Matching Beam Cross-Section Meshes for Large-Scale Design
(055U 0011221 1 1) o BRSPS 143
Joshua Krokowski, John T. Hwang

Multi-Fidelity Constrained Bayesian Optimization with Application to Aircraft Wing Design....................... 160
Oihan Cordelier, Youssef Diouane, Nathalie Bartoli, Eric Laurendeau

Leveraging a Doublet Lattice Correction Method to Expedite Linearized Frequency-Domain
OptimiZations 1N IMPRYS ....cuiiuiiieeeee ettt bt et s et et e b et e bt eaees e et e e abeebeeseeeeenes 175
Andrew S. Thelen, Bret Stanford, Kevin E. Jacobson

Root Locus Approach to Determining Stability of an Uncertain Aeroelastic System .........c.ccoceeceeveevienenennnn 194
Paul Novoa, Matthew Franchek, Karolos Grigoriadis, Edwin E. Forster

Evolution of the Conceptual Design of a Full-Scale Compliant Camber Morphing Flap for the Next

Generation Hybrid Electrical ATrCTaft ...........ooiiirieiieii et 205
Maria Chiara Noviello, Bernardino Galasso, Ignazio Dimino, Salvatore Ameduri, Antonio
Concilio



State-Space Modeling and Analysis of Morphing Trailing Edge Flaps for Active Flutter
N b1 070 (TS o) o LT 220
Nicholas Tijerina, Karolos Grigoriadis, Edwin E. Forster

High Fidelity Multi-Component Wing, Pylon, Nacelle and Mounts Industrial MDO Application................... 243
Anne Gazaix, Nicolas Roussouly, Matthias De Lozzo, Frangois Gallard, Maxime Hamadl,
Vincent Ambert, Vincent Drouet, Charles Thoulon, Thierry Druot, Simone Coniglio, Jean-
Francois Figue, Shouvik Bandopadhyay, Aurélie Tur, Fabien Cueille, Alexandre Scotto,
Antoine Dechaume, Jean-Christophe Giret, Gilberto Ruiz-Jimenez, Stéphane Grihon

Modal Analysis of Subdivision Surfaces for Aerodynamic Shape Parameterisation............cceceeceereerienienienene 273
Samuel J. Lovett, Tom Rendall, Daniel Poole, Christian B. Allen, Nigel J. Taylor, Nick
Leppard, James Fincham, Max Wood

Conceptual Aircraft Design for ProduCIDILItY .........ccveviieiiieiiieieciesiiesieee et 291
Ian Stamm, Daniel Woods

Performance and Regulatory Assessment Trim Formulations for Conceptual Aircraft Design..........cccccc....... 307
Joseph Gould, Nathan Shune, David Solano Sarmiento, Darshan Sarojini

Conceptual Study on Storable and Deployable Micro-sized Mars Airplane with MembraneWings................ 347
Soshi Kudo, Taisei Takagi, Takuto Masaki, Hikari Kono, Sota Oshima, Masahiro Kanazaki,
Tsubasa Ikami, Hiroki Nagai

Coupled Trajectory and Aerostructural Optimization of a UAV with Modular Morphing Wings..................... 357
Safa A. Bakhshi, Shugo Kaneko, Joaquim R. Martins, Abhinav Sharma

Multidisciplinary Design Optimization of a Transonic Truss-Braced Wing Using Physics-Based
IMIOEIS ..ttt ettt et a ettt ettt et b bt sh e bt et ettt be et be et eaee 391
Timothy R. Brooks, Kenneth Moore, Eliot Aretskin, Irian Ordaz, Jason Kirk

Multidisciplinary Optimization and Experimental Aerodynamic Assessment of a Crew Return

VEBRICIE ...ttt b et et et h e bt e bt bt e h e et e s e bbbt bt bt e a e st et et e bbbt eaeenee 410
Nicolina Montella, Luigi luspa, Gareth A. Vio, Andrea Aprovitola, Giuseppe Pezzella, Antonio
Viviani

Differentiable Surface Mesh Deformation for Non-Conformal, Independently Parameterized
Components with Large Shape Changes ..........coceeierierieiiiiiieieieee ettt ettt e e saesaeeae e ens 425
Marius L. Ruh, John T. Hwang

Conceptual Design and Optimization of a Scramjet with Ablative Thermal Protection............ccoccevvereeennnee. 442
Dario Rodriguez, Tulio Rodarte Ricciardi, James T. Allison, Jonathan B. Freund

Kharitonov-Based Frequency Domain Bounds for Parametric Uncertainty in an Aeroelastic System ............ 457
Paul Novoa, Matthew Franchek, Karolos Grigoriadis, Edwin E. Forster

A Distributed Method for Solving Large-Scale Multidisciplinary Optimization Problems ..............cccceeuene.. 468
Nicholas C. Orndorff, John T. Hwvang

Industrial Application of a Multi-Disciplinary Design Optimization with Uncertainties to a Pair of
TelecomMmUNICAION SALEIIIEES .....co.eiuieieiiieitiit ettt b e sttt sbe st be e eae 483
Olivier Sapin, Loic Cousin, Nicolas Roussouly, Francois Gallard, Anne Gazaix, Matthias De
Lozzo, Xavier Fosse, Nicolas Sarda, Gaspard Berthelin

Accelerating the Convergence of Poorly-Scaled Optimization Problems .............cccoooeeriiiiiiiniineieneeeee, 496
Habeeb B. Idris, Jason E. Hicken



Flexible Wing Co-Design Through MDA and Active Control for Load Alleviation........c..cccceceeceeveeiencnennene 514
Armand-loan Curpanaru, Philippe Pastor, Fabrice Demourant, Eric Nguyen-Van

Expanding the Normal Boundary Intersection Method to Completely Capture Many Objective
PATEIO SEES ..ottt ettt ettt ettt et e a e bbbt et e at e sht e bt et et eaneas 537
Joseph Wagner, Danial Khatamsaz, Douglas L. Allaire

Conceptual Design Space Exploration of Hypersonic Aircraft Using Emulator Embedded Neural
INEEWOTKS ...ttt st ettt et b e bt b et e et et et e s bt sb e bt eaeea b et e b e b e st e e bt saeeaeene 549
Atticus J. Beachy, Ramana Grandhi

Hybrid Training of Physics-Informed Neural Networks with Approximate Supervision.........c..cccceeeeverennenne. 567
Mark Sperry, John T. Hwvang

Nonlinear Aerodynamic Shape Reduction Using Variational Autoencoder and Model-Agnostic
IMEEA-LL@AITIINE ...ttt ettt ettt ettt beee e eh e e st e s b e e et e ee et e ebe e st emeemeen s e s e b e ebeeaeeseeneenseneenseabeseeeneeneenes 580
Levent Ugur, Beckett Zhou

Deep Reinforcement Learning for Optimal Takeoff Trajectory Design of an eVTOL Drone...........c.ccccvennee. 597
Nathan M. Roberts, Xiaosong Du

Physics-Enhanced Neural Networks for Aerodynamic Shape Optimization of UAV Wings ..........ccccccevuennee. 607
Christos Pliakos, Giorgos Efrem, Grigorios Dimitriadis, Pericles Panagiotou

Physics-Constrained Generative Artificial Intelligence for Rapid Takeoff Trajectory Design............ccoen.e..... 623
Sam Sisk, Xiaosong Du

A Numerical Study of the Compositional Static Aeroelastic Analysis Method............ccccovceiiiiiiiieieneneee 633

Trent D. White, Darren Hartl

Author Index





