Non-Deterministic Approaches

Papers Presented at the AIAA SciTech Forum and
Exposition 2019

San Diego, California, USA
/7 -11 January 2019

ISBN: 978-1-5108-8423-6



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 Multifidelity Method for Locating Aeroelastic Flutter BOUNAATIES...........c.ccviieiiiiiiiieicice e 1
Alexandre N. Marques, Rémi Lam, Anirban Chaudhuri, Max M. Opgenoord, Karen E. Willcox

Reliability Analysis of Problems with Correlated, non-Gaussian Uncertainties using Second-Order

Propagation Of High-Orader STALISTICS ..........ciiiiiiieie ettt ettt b et e be e e e s e e st ebesbesbene et e e eneeneee 17
Dimitrios Papadimitriou, Dionysios Panagiotopoulos, Zissimos Mourelatos, John Skarakis

Global Sensitivity Analysis Using Efficient Distribution SUFTOQAteS.........c.ccoveririeiieiiiei e 31
Zhen Hu, Sankaran Mahadevan

Adjoint Gradient-enhanced Kriging Model for Time-dependent Reliability Analysis..........cccccocveiiiiiiiienevcrcieeenn, 45
Yi Gao, Yongming Liu

An Adaptive Probabilistic Maintenance Framework for Decision Planning Optimization ............cccccocviniieiciencne. 56
Yuhao Wang, Yongming Liu

Maximum Entropy Structural-Thermal Uncertainty Modeling at the Finite Element Level ..o 67
Pengchao P. Song, X. Q. Wang, Marc P. Mignolet

A Closed-Loop Adaptive Monte Carlo Framework for Forecasting in GEO..........cccccoiiiiiiinie e 80
Chao Yang, Mrinal Kumar

Incorporating Safety in Early (Airframe) Systems Design and ASSESSMENT ..........cceveieiiiieiiienereei e e sess e 99
Sergio Jimeno, Arturo Molina-Cristobal, Atif Riaz, Marin Guenov

Beyond Basis Values: Fast Precision Margin With FORM ... 117

Zachary Del Rosario, Richard W. Fenrich, Gianluca laccarino
Recent Advancements in Multilevel-Multifidelity Techniques for Forward UQ in the DARPA Sequoia

g (0] =Tt PSP TSSR SRR 138
Gianluca Geraci, Michael S. Eldred, Alex Gorodetsky, John Jakeman
Sequential Reliability-Based Design Optimization via Anchored DecompoSItioN..........cccevereiiieienieneneeescse i 169

Richard W. Fenrich, Juan J. Alonso

Uncertainty Propagation Using Conditional Random Fields in Large-Eddy Simulations of Scramjet

(0] 401 010} r= 11 o] o -3 193
Xun Huan, Cosmin Safta, Zachary P. Vane, Guilhem Lacaze, Joseph C. Oefelein, Habib N. Najm

Progress in Scramjet Design Optimization Under Uncertainty Using Simulations of the HIFIRE

(D] =Tl o] g T=Tod A o OSSOSO 210
Gianluca Geraci, Friedrich Menhorn, Xun Huan, Cosmin Safta, Youssef Marzouk, Habib N. Najm, Michael S.
Eldred

Uncertainty Propagation via Probability Measure Optimized Importance Weights with Application to

Parametric Materials IMOEIS ...........ooo ittt bbbttt b et be et e e e 230
Meet Sanghvi, Pejman Honarmandi, Vahid Attari, Thien Duong, Raymundo Arroyave, Douglas L. Allaire

Bayesian Inference for Crystallographic Texture Uncertainty Quantification ..............ccocooeiiiiiiiniieniiciecceee 243
James Matuk, Oksana Chkrebtii, Stephen R. Niezgoda

Uncertainty Quantification and Stochastic Optimization for Spatially Varying Composite Fiber Paths.................. 249
Pinar Acar, Veeraraghavan Sundararaghavan

Probabilistic Failure Analysis for ICME Using An Adjoint-based Lattice Particle Method. ...........c..cccceeviiininnnnn. 261

Yi Gao, Yongming Liu
Towards A Priori Uncertainty Quantification of Coarse-Grained Molecular Dynamics: Generalized

IMIUIEIPOIE POTENTIALS. ... .ttt b bbbt b e bt bbbt h b et e eb e bt st e b e e et e ebe e 270
Paul Patrone, Andrew Dienstfrey, Geoffrey McFadden

Reusing Information for Multifidelity Active Learning in Reliability-Based Design Optimization.............ccccccc..... 280
Anirban Chaudhuri, Alexandre N. Marques, Rémi Lam, Karen E. Willcox

An Equivalent Reliability Index Approach for Surrogate Model-based RBDO ...........ccccooiviiininiieieneieneeesseine 292
Mingyang Li, Zequn Wang, Pingfeng Wang

Anomaly Detection of Aircraft System using Kernel-based Learning Algorithm............ccccooviviiiiiiiinenec e 305
Hyunseong Lee, Guoyi Li, Ashwin Rai, Aditi Chattopadhyay

Onshore Wind Turbine Main Bearing Reliability and Its Implications in Fleet Management.............cccccoceeiiviinnnn. 313

Yigit A. Yucesan, Felipe Viana
Efficient Adaptive Sparse Polynomial Chaos Expansion with L;-minimization and Sequential

ST 10 0] o] 11 o OSSPSR 331
Mishal Thapa, Achyut Paudel, Sameer B. Mulani, Robert W. Walters
Simulation Resource Optimization for Multi-Fidelity Model Calibration...............cccocoiiiiiininicecceee 351

Ghina N. Absi, Sankaran Mahadevan



Real-Space Model Validation and Predictor-Corrector Extrapolation applied to the Sandia Cantilever

Beam ENd-t0-ENd UQ PrODIBM ..ottt sttt e et e e e e be e st e st e e se e s ae e st e s beeseenteaneesreenneateanees 360
Vicente J. Romero

Adaptive Infill Criteria for Non-Deterministic Kriging Considering Aleatory and Epistemic

UNICEITAINTIES ...t bbb bbb bbbt b bbb bbbttt bbbt 390
Daniel L. Clark, Harok Bae, Joshua D. Deaton, Edwin E. Forster

A Nonparametric-based Approach for the Characterization and Propagation of Epistemic

Uncertainty DUE 10 SMAII DATASELS. ........couiieieiiitiiieiie ittt b ettt b e bbbt e bbbt st ebe e eb e b e 407
Zhenyu Gao, Dongwook Lim, Katherine G. Schwartz, Dimitri N. Mavris
Model Error Propagation in Coupled Multi-phySiCS SYSTEIMS ........couiiiiiiiiie et 433

Abhinav Subramanian, Sankaran Mahadevan

Application of a CFD Uncertainty Quantification Framework for Industrial-Scale Aerodynamic

F N QE: 1) TSSOSO URSRRTN 445
John A. Schaefer, Andrew W. Cary, Earl P. Duque, Seth Lawrence

Stochastic Characterization Utilizing Walsh Functions for Uncertainty Quantification of Finite

EIBIMEBNT ANALYSIS. ...ttt b bbbt h bt bt b e et eh e e b £ e bt bt b e b et e st e Rt bt bbbt ne et e b e 462
Edwin E. Forster, Philip S. Beran, Raymond M. Kolonay, Harok Bae

Towards Affordable Uncertainty Quantification in the Simulation of Turbulent Spray Combustion

VIa SUFTOQATE IMOTEIING ......ieiieieee ettt et st e b e e st e b e e be et e st e be e entebeebeebesbenbeeeneareanens 481
Benedict Enderle, Bastian Rauch, Felix Grimm, Manfred Aigner

Uncertainty Quantification of a Rotorcraft Conceptual Sizing TOOISUITE.........ccceviieiiiiiiiiee e 496
Manas S. Khurana, Carl R. Russell, Robert Scott

Control Design with Guaranteed Statistical Performance and Application to Flight Control..............ccccoceiiiiinnnn 520
Dalong Shi, Florian Holzapfel

Learning Uncertainty using Clustering and Local Gaussian Process RegreSSion ...........cocvvereieeieenenienenieieneseniens 531
Yiming Zhang, Sayan Ghosh, Isaac Asher, You Ling, Liping Wang

Multi-Fidelity Sparse Polynomial Chaos Surrogate Models for Flutter Database Generation.............c.ccceeveenienns 543
Markus P. Rumpfkeil, Dean E. Bryson, Philip S. Beran

Multi-Fidelity Modeling using Non-Deterministic Localized-Galerkin ApPproach..........c.cccceevevieieiieiineneniense s 559

Harok Bae, Atticus Beachy, Daniel L. Clark, Joshua D. Deaton, Edwin E. Forster
Emulation of Frequency and Mode Shape Variation of As-manufactured Airfoils with Eigenvalue

VEEIING AN COSSING ..vtteterteteteie ettt sttt ettt eb et b e e e st et e e bt b e b e b e e eh £ e h e e bt eb e nE e b et e R b e b e e bt e bt nb e b e e est ekt e beabenbe b e e eneabeane 580
Jeffrey M. Brown, Emily Carper, Joseph Beck, Alexander Kaszynski

Non-Deterministic Reduced Order Modeling for Mistuned Bladed Rotor Emulation ..............ccccocooiiiiineininence. 594
lan Boyd, Harok Bae, Emily Carper, Jeffrey M. Brown

Bayesian Surrogate Modeling of Bladed Disk Sector Mode Shape and Geometrical Spatial Variations................... 610

Joseph Beck, Jeffrey M. Brown, Alexander Kaszynski, Emily B. Carper
Non-Deterministic Emulator for Mistuned Bladed Rotor Responses with Multi-Fidelity Modeling

YA o] o1 o =T o ST ST SOUPSRPRTN 625
Harok Bae, lan M. Boyd, Emily Carper, Jeffrey M. Brown

An Efficient Bi-Level Surrogate Approach for Optimizing Shock Control Bumps under Uncertainty..................... 646
Christian Sabater, Stefan Goertz

Quadratic Multipoint Exponential Approximation for Optimization and Uncertainty Quantification..................... 666

Robert A. Canfield, Michael S. Eldred
Experimental and Parametric Study on Uncertainty Quantification within Topology Optimization

utilizing Non-Intrusive Polynomial Chaos THEOKY .......cc.ciiiiiiiiiecee e 674
Aditya Vishwanathan, David Munk, Gareth A. Vio
Staged-Deployment Design for Resilient Expansion Planning of Large Scale Complex Systems..........ccccoeevvivnnnn. 690

Bayan Hamdan, Koki Ho, Pingfeng Wang
Stochastic Shape Optimization via Design-Space Augmented Dimensionality Reduction and RANS

(0] 401 o181 r= 11 o] o L3OO 700
Andrea Serani, Matteo Diez, Jeroen Wackers, Michel Visonneau, Frederick Stern
A Fast Convergence Approximate RBDO Method Considering Both Random and Evidence Variables.................. 719

Clara Cid, Aitor Baldomir, Santiago Hernandez
Probabilistic Risk Assessment Tool AMETA (Aircraft Maintenance Event Tree Analysis) for Aircraft

Structural Integrity and Fatigue MaiNTENANCE ..........coueiiiiiiie et b e bbb e e 737
Michael Shiao, Tzi-Kang Chen
A Fast Monte Carlo Method for Model-based Prognostics Based on Stochastic Calculus............ccccooiiiiniininennnne 758

Matteo Corbetta, Chetan S. Kulkarni
From Raw Operational Flight Data to Incident Probabilities using Subset Simulation and a Complex

TREPUSE IMIOOE ...t b bbb bbb £ bbb b e bt e bbb bt b et bt n bt nr s 776
Phillip Koppitz, Chong Wang, Lukas Héhndorf, Javensius Sembiring, Xiaolong Wang, Florian Holzapfel



Space Debris Reentry Prediction and Ground Risk Estimation Using a Probabilistic Breakup Model
Francois J. Sanson, Charles Bertorello, Jean-Marc Bouilly, Pietro Congedo

Stochastic Re-entry Trajectory Analysis with Uncertain Initial Conditions for Safety Assessment
Akira Tokunaga, Akie Sotoguchi, Koji Shimoyama, Keiichiro Fujimoto

A Comparative Study on the Performance of Metaheuristics Applied to the Preventive Maintenance

Planning Definition PrODIBM ..ottt s et e bt e st et e st e reebeebeste st e e e b esaanennas
Fernando L. Moura, Leonardo Rodrigues, Takashi Yoneyama

Author Index





