Materials

Papers Presented as the AIAA SciTech Forum and Exposition
2020

Orlando, Florida, USA
6-10 January 2020

ISBN: 978-1-7138-1096-4



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

ENABLING NEXT-GENERATION AND MULTIFUNCTIONAL MATERIALS

CONTROLLING THE MESO-SCALE ASSEMBLY OF CNTS/PBI INTERLAYERS FOR
TOUGHENING OF THERMOPLASTIC COMPOSITES ......ccoiiiiieiiiieieisieie it 1
Kaan Yildiz, Beyza Bozali, Hulya Cebeci, Elif Ozden Yenigun

PYROELECTRIC COEFFICIENT ENHANCEMENT OF MACRO-FIBER COMPOSITES
USING ELECTRIC FIELDS ...ttt bbbt 10
Krystal L. Acosta, William K. Wilkie, Daniel J. Inman

STRAIN AND DAMAGE SENSING IN POLYMER-BONDED ENERGETICS THROUGH
PIEZORESISTIVE MWCNT NETWORKS .....cooitiiiiiiieiiseenisie ettt senens 18
Nishant Shirodkar, Gary D. Seidel

HIERARCHICAL CNTS GROWN MULTIFUNCTIONAL 3D WOVEN COMPOSITE BEAMS
FOR AEROSPACE APPLICATIONS. ... ..ottt sttt bttt ettt ss et be s resrens 25
Firat Turgut, Arda Koycu, Ghanshyam Neje, Bijoy Behera, Elif Ozden Yenigun, Hulya Cebeci

NANOSTRUCTURED MATERIALS |

SODIUM-BASED CATALYSIS OF CARBON NANOTUBES FOR INTERLAMINAR

REINFORCEMENT OF UNIDIRECTIONAL HIERARCHICAL LAMINATES ..o 34
Richard Li, Erica F. Antunes, Andrew H. Liotta, Luiz Acauan, Estelle Kalfon-Cohen, Kehang
Cui, Clementine Mitchell, Brian L. Wardle

CELLULOSE NANOCRYSTALS ASSISTED PROCESS TO INTEGRATE CARBON
NANOTUBES IN CFRP COMPOSITES ...ttt ettt ettt ettt s e sttt s e s ata s sbae e srtessraessraeesren e e 43
Annuatha Kumar, Shadi Shariatnia, Amir Asadi

AEROSPACE-GRADE ADVANCED COMPOSITES WITH BUCKLING-DENSIFIED
ALIGNED CARBON NANOTUBES INTERLAMINAR REINFORCEMENT ......ooovoiieiieee e 48
Xinchen Ni, Brian L. Wardle

APPLICATIONS OF ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING TO
PROBLEMS IN STRUCTURES AND MATERIALS |

SELF-LEARNING DATA-DRIVEN MULTISCALE MICROSTRUCTURE TOPOLOGY
1] [ S 56
Kyungsuk Jang, Seongik Kim, Gunjin Yun

A NEURAL NETWORK ENHANCED SYSTEM FOR LEARNING NONLINEAR
CONSTITUTIVE RELATION OF FIBER REINFORCED COMPOSITES ......cooiiiiieeee e 69
Xin Liu, Fei Tao, Wenbin Yu

ARTIFICIAL NEURAL NETWORK MODELING OF ANISOTROPIC HYPERELASTIC
MATERIALS BASED ON COMPUTATIONAL CRYSTAL STRUCTURE DATA ..ot 86
Sunyoung Im, Wonbae Kim, Hyungjun Kim, Maenghyo Cho



PHYSICS-INFORMED ARTIFICIAL NEURAL NETWORK APPROACH FOR AXIAL
COMPRESSION BUCKLING ANALYSIS OF THIN-WALLED CYLINDER ......ccccovivveiireeese e, 98
Fei Tao, Xin Liu, Haodong Du, Wenbin Yu

MATERIALS FOR HYPERSONIC APPLICATIONS AND EXTREME ENVIRONMENTS

A THERMODYNAMIC MESO-SCALE MODEL FOR OXIDATION OF ZRB2-SIC.........cccocvevvviiieeiinnns 116
Samuel Y. Chen, lain D. Boyd

SYNCHROTRON X-RAY DIFFRACTION STUDY OF PHASE TRANSFORMATION IN

CMAS INGRESSED EB-PVD THERMAL BARRIER COATINGS.......ccoiiinrieensee e 133
Zachary Stein, Ravisankar Naraparaju, Uwe Schulz, Peter Kenesei, Jun-Sang Park, Jonathan
Almer, Seetha Raghavan

EVALUATION OF FORMULATIONS FOR SELF-HEALING THERMAL PROTECTION
SYSTEM APPLICATIONS ...ttt sttt sttt sttt s e b e b e bt b et e st e st e seesbesbeebeebeeneeneensenbesteseennes 141
Nathaniel Skolnik, Zachary R. Putnam

HIERARCHICAL COUPLING OF MOLECULAR DYNAMICS AND MICROMECHANICS TO

PREDICT THE ELASTIC PROPERTIES OF THREE-PHASE AND FOUR-PHASE SILICON

CARBIDE COMPOSITES. ......cciititiieeistee st e ettt e sttt sae e seste st ssesessssesessssesessasesessssesessssesessssesessssesens 152
Olanrewaju Aluko, Evan J. Pineda, Trenton M. Ricks, Steven M. Arnold

ICME PRIZE COMPETITION

IN-SITU MEASUREMENT OF RESIN SHRINKAGE WITH RESPECT TO DEGREE OF CURE............. 158
Samarth Motagi, Sirish Namilae, Thomas Freeman, Sandra Boetcher

PREDICTIVE MULTISCALE MODELING OF 3D PRINTED POLYMERS FOR ENHANCED
FRACTURE PERFORMAINCE ... ..ottt ettt ettt s e e s s e ettt e e e e s e st e et e e e e s s ssbbaateeeesssassbrbeeeeeeans 169
Jun Li

INTEGRATED COMPUTATIONAL MODELING FOR EFFICIENT MATERIAL AND

PROCESS DESIGN FOR COMPOSITE AEROSPACE STRUCTURES .......ccoooiniiire s 189
Royan J. D'Mello, Anthony M. Waas, Marianna Maiaru, Robert Koon

ICME: INTEGRATING COMPOSITE MANUFACTURING MODELING WITH DESIGN

MULTISCALE MODELING FOR VIRTUAL MANUFACTURING OF THERMOSET

COMPOSITES ...ttt sttt sttt e sttt e s b et e te s b e s e be s b et e Ee s b et e be s be s e be et e s ebeete st e tesbe s etesbe s etestessateneens 219
Sagar Shah, Sagar Patil, Prathamesh Deshpande, Aaron Krieg, Khatereh Kashmari, Hashim
Al Mahmud, Julie King, Gregory M. Odegard, Marianna Maiaru

FABRICATION OF THE TWIST MORPHING WING FOR THE UAV BY CFRP WITH

APPLYING THE ELECTRODEPOSITION RESIN MOLDING METHOD ......ccocctiiiiineiie e 232
Kazuaki Katagiri, Shimpei Yamaguchi, Sonomi Kawakita, Shinya Honda, Katsuhiko Sasaki,
Nozomu Kogiso, Masato Tamayama

MATERIALS AND DESIGNS FOR ADDITIVE MANUFACTURING |

DEVELOPMENT OF A 3D PRINTER CAPABLE OF OPERATION IN A VACUUM.......ccccocevinirieninns 240
Randy L. Spicer, William Wautlet, Tom Cote, Dave Roberts



ANALYSIS ON PORE GENERATION IN DIRECTED ENERGY DEPOSITION USING A
CHAMBER WITH A COOLING SYSTEM ..ottt sene s
Yusuke Sugiura, Ryo Koike, Yasuhiro Kakinuma, Masaki Kondo

DESIGN AND TEST OF A SMALL-SCALE, ADDITIVELY-MANUFACTURED, LIQUID-

COOLED ROCKET NOZZLE .....ooe ettt ste e st e nbeenteenteeraesneesteesteeneeaneas
Matt Durkee, Connor McCain, Andrew Quinton, Kathryn Stewart, Lucas Utley, Kurt P.
Rouser

CREEP-RUPTURE PERFORMANCE OF A RECRYSTALLIZING SOLUTION TREATMENT
FOR INCONEL 718 FABRICATED BY LASER POWDER-BED FUSION ........ccccovviiniiiininenneseenenieens
David Newell, Anthony N. Palazotto, Ryan P. O'Hara

EVOLVING MATERIAL POROSITY ON AN ADDITIVE MANUFACTURING SIMULATION
WITH THE GENERALIZED METHOD OF CELLS ......ciiiiiiiciie ettt
Luis F. Silva, Francisco A. Yapor Genao, Evan J. Pineda, Peter A. Gustafson

ABLATION PERFORMANCES OF ADDITIVELY MANUFACTURED HIGH-

TEMPERATURE THERMOPLASTIC POLYMERS .......oooi ottt
Hao Wu, Abdullah Kafi, Colin Yee, Ozen Atak, Jon H. Langston, Roderick Reber, John
Misasi, Steven Kim, William P. Fahy, Stuart Bateman, Joseph H. Koo

PHYSICS-INFORMED MACHINE LEARNING: METHODS AND APPLICATIONS I

MACHINE LEARNING REINFORCED CRYSTAL PLASTICITY MODELING UNDER
EXPERIMENTAL UNCERTAINTY ittt ettt ettt et s s shassbas s sbassabasssbesssbasssbassbasssranssbenaas
Pinar Acar

MULTISCALE AND MULTI-PHYSICS MODELING |

MULTISCALE MODELING OF DAMAGE RESPONSE IN NANOCOMPOSITES
REINFORCED WITH CARBON NANOTUBES. .........cot ittt et stae e stre s e e snaeennne e
Neslihan Genckal, Gary D. Seidel

MULTISCALE MICROMORPHIC THEORY AND SIMULATION WITH CO-EXISTING
MOLECULAR AND CONTINUUM TIME SCALES ..ottt nnens
Chanwook Park, Jiwon Jung, Taehoon Park, Gunjin Yun

MULTISCALE THERMOMECHANICAL DAMAGE MODEL WITH INTERNAL STATE
VARIABLES FOR CERAMIC MATRIX COMPOSITES .....ccooiiiieieieie ettt sne e
Travis D. Skinner, Aditi Chattopadhyay

A NEW APPROACH FOR CONSTITUTIVE MODELING OF THIN-WALLED COMPOSITE
STRUGCTURES ..ottt ettt e et e ettt e e et e e s eeeeat bt e e sataeeesbaeeesasseaesatetessseeessasbeeesanaeessineees
Ankit Deo, Wenbin Yu

FATIGUE AND FRACTURE I

QUASI-STATIC AND FATIGUE DELAMINATION AT TAPE/FABRIC INTERFACES..........cccceuvane.e.
Carlos G. Davila, James G. Ratcliffe

A COMPUTATIONAL STUDY TO INVESTIGATE THE EFFECT OF DEFECT GEOMETRIES
ON THE FATIGUE CRACK DRIVING FORCES IN POWDER-BED AM MATERIALS........c.cccccovrunune.
Saikumar Reddy Yeratapally, Christapher Lang, Edward H. Glaessgen



TOUGHENING OF BORON CARBIDE COMPOSITES WITH HIERARCHICAL
MICROSTRUCTURING .....ootiiieiiitet sttt ettt s et b et ae s e b b et s e te et be e nsesenestene e nsens 419
Jingyao Dai, Jogender Singh, Namiko Yamamoto

MODE Il FRACTURE TOUGHNESS RECOVERY OF CFRP COMPOSITE USING
THERMOPLASTIC SHAPE MEMORY POLYMER HEALANT ..ottt e 431
Bodiuzzaman Jony, Sameer B. Mulani, Samit Roy

MATERIALS AND DESIGNS FOR ADDITIVE MANUFACTURING I

AXIAL-TORSIONAL FATIGUE OF ADDITIVELY MANUFACTURED STAINLESS STEEL

Sanna F. Siddiqui, Firat Irmak, Abiodun A. Fasoro, Ali Gordon

MULTI-FACTOR MODEL FOR IMPROVING THE DESIGN OF DAMPING IN ADDITIVELY
MANUFACTURED COMPONENTS ..ottt ettt st sttt et et st st sre e 449
Onome E. Scott-Emuakpor, Joseph Beck, Brian Runyon, Tommy George

IN-PROCESS MONITORING OF CONTINUOUS FIBER ADDITIVE MANUFACTURING
THROUGH FORCE/TORQUE SENSING ON THE NOZZLE...........ccotiieiieeiensieiniesesisteseseeesesasseseseenes 461
Wout De Backer, Paul Sinkez, Ishit Chhabra, Michael J. Van Tooren, Arturs Bergs

TESTING AND CHARACTERIZATION

REVIEW OF SENSING TECHNIQUES OF ABLATIVE MATERIALS. ........ccooiiireeereeee e 469
Christine Yang, Joseph H. Koo

AEROTHERMAL TESTING OF ABLATIVES FOR MATERIAL PERFORMANCE.........ccccocoiviviinninianns 512
Yuke Zhao, Benjamin Chen, Joseph H. Koo

EFFECTS OF ENVIRONMENT AND GEOMETRY ON THE COUPON-LEVEL TESTING
PROCEDURES FOR COMPOSITE ROTOR BLADE RETIREMENT TIME .......cccooviiiiiiieseieese e, 526
Changbae Lee, DuHyun Gong, Sang Joon Shin

WEAK BOND EVALUATION OF AIRFRAME EPOXY ADHESIVES IN SALTWATER MIST
CONTAMINATION L.ttt ettt s e e e st e st e e aae e e steeeabeeestaeeabeeesseeeaseeesteeeaseeesteeenseeesreeenneeenres 540
Tetsuya Morimoto, Akihito Fujimoto, Hisaya Katoh, Hisashi Kumazawa

MICROSTRUCTURAL QUANTIFICATION AND VIRTUAL RECONSTRUCTION OF

POLYMER MATRIX COMPOSITES. ...ttt sttt 551
Sagar Shah, Mathew Schey, Jie Hu, Fugiang Liu, Tibor Beke, Scott E. Stapleton, Marianna
Maiaru

APPLICATIONS OF ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING TO
PROBLEMS IN STRUCTURES AND MATERIALS 11

DATA-DRIVEN AND REDUCED-ORDER MODELING OF COMPOSITE DRILLING..........ccccoveniinee 562
Jian Xiao, Ning Liu, Jim Lua, Caleb Saathoff, Waruna p. Seneviratne

PHYSICS-BASED DEEP LEARNING FOR PROBABILISTIC FRACTURE ANALYSIS OF
COMPOSITE MATERIALS. ...ttt e st e e ta et e e e saestestesaeeseeneenaeseenteneesnennes 574
Yi Gao, Houpu Yao, Haoyang Wei, Yongming Liu



DEVELOPMENT OF ARTIFICIAL NEURAL NETWORK POTENTIAL FOR GRAPHENE..................... 588
Akash Singh, Xin Chen, Yumeng Li, Seid Koric, Erman Guleryuz

COMPREHENSIVE PIEZOELECTRIC MATERIAL APPLICATION ISSUES ON ENERGY
HARVESTING FOR ARTIFICIAL INTELLIGENCE SYSTEMS .......coviiiiinece e 600
Mohamed Shabara, Tian-Bing Xu

MULTISCALE ANALYSIS OF COMPOSITES USING SURROGATE MODELING AND
INFORMATION OPTIMAL DESIGNS ...ttt ettt ettt sttt et st a e st e s s bt e s st e s sbba s saaeesens 624
Steven M. Arnold, Matthew Piekenbrock, Trenton M. Ricks, Joshua Stuckner

FATIGUE AND FRACTURE 1I

A MICROMECHANICS BASED MODEL FOR THE PREDICTION OF COMPRESSION
FATIGUE FAILURE OF FIBER REINFORCED COMPOSITES ........cooiiiiieieeee e 633
Paul Davidson, Anthony M. Waas

HEALING OF MODE-I FATIGUE CRACK IN FIBER REINFORCED COMPOSITES USING
THERMOPLASTIC HEALANTS ..ottt sttt ss et s naete e nsesenessesenensnns 644
Nilesh J. Vishe, Bodiuzzaman Jony, Mishal Thapa, Sameer B. Mulani, Samit Roy

A FLEXIBLE LIFE PREDICTION APPROACH FOR SINGLE-CRYSTAL NICKEL-BASED
ALLOYS ettt £ bbb b £ bR £ bR £ bR £ bR e e bRt R ke R e e bRt bkt e e bRt bt et et 654
Firat Irmak, Navindra P. Wijeyeratne, Taejun Yun, Ali Gordon

BAYESIAN CALIBRATION OF STRAIN-LIFE MODELS WITH PRIORS FROM SIMILAR
I 4 TSP 665
Arinan D. Dourado, Firat Irmak, Felipe Viana, Ali Gordon

PREDICTING RESPONSES OF A SINGLE CRYSTAL NI-BASE SUPERALLOY UNDER A
WIDE RANGE OF MONOTONIC AND CYCLIC CONDITIONS. ......cocoiiriinineinieiee s 674
Navindra Wijeyeratne, Firat Irmak, Ali Gordon

EFFECTIVE PROPERTIES OF GRANULAR COMPOSITES AS A FUNCTION OF RELATIVE
DAMAGE EVOLUTION IN CONSTITUENT PHASES ..ottt sneennne e 687
Stefan Povolny, Gary D. Seidel, Daniel Hammerand

MULTISCALE AND MULTI-PHYSICS MODELING II

MICROSTRUCTURAL METHODS FOR DEVELOPING HIGH-PERFORMANCE

COMPOSITE MATERIALS. ...ttt b ettt ettt s b e st s e st ene st r e s bene s 704
Sarvenaz (Sarvi) Ghaffari, Guillaume Seon, Andrew V. Makeev, Endel larve, David
Mollenhauer

COMPUTATIONALLY-EFFICIENT STRUCTURAL MODELS FOR ANALYSIS OF WOVEN
COMPOSITES ...ttt bbbt b bbb bbb £ bt e b b e bt e b et ekt e bt e bt e b et e bt e bt et eb et et b 720
Ibrahim Kaleel, Alberto Garcia de Miguel, Marco Petrolo, Alfonso Pagani, Erasmo Carrera,
Trenton M. Ricks, Evan J. Pineda, Brett A. Bednarcyk, Steven M. Arnold

A COUPLED FLOW AND RESIDUAL STRESS MODEL FOR PREDICTING PERFORMANCE

VARIATIONS OF COMPOSITES MANUFACTURED VIA VACUUM ASSISTED RESIN

TRANSFER IMOLDING. ..ottt ettt ettt st b e b bbbt e e b e abe st e b e ebenbebeabeneeresne e 728
Weijia Chen, Dianyun Zhang, Xiang Ren, Jim Lua



A MULTISCALE MODELING FOR ELASTOPLASTIC CONSTITUTIVE EQUATIONS OF
CROSSLINKED EPOXY POLYIMERS ......ooiiititetititeei ettt sttt ssetens s ssesesassenens 740
Hyungbum Park, Maenghyo Cho

NANOSTRUCTURED MATERIALS |1

FABRICATION OF AEROSPACE-GRADE EPOXY AND BISMALEIMIDE MATRIX

NANOCOMPOSITES WITH HIGH DENSITY ALIGNED CARBON NANOTUBE

REINFORCEMENT ..ottt b bt bbb bbbt b bbbt b ettt ettt 745
Ashley L. Kaiser, Isabel V. Albelo, Brian L. Wardle

EFFECT OF NANOPARTICLE SIZE ON FRACTURE BEHAVIOR IN POLYMER
NANOCOMPOSITES. ...t iteiieieieisiee sttt sse e sset e s tese e ssese e ssesesesseseseasesesesaesesessesesessesenessesesensases 757
Samit Roy, Tanvir Sohail, Jony Bodiuzzaman

3D STRUCTURING OF MAGNETOELASTOMERS FOR ANISOTROPIC ACTUATION
PROPERTIES ...ttt bbbt bbb e E et b bbbt b bbbttt 774
Yagmur Atescan, Namiko Yamamoto

STATISTICAL ANALYSIS OF EFFECTIVE PIEZORESISTIVITY OF CARBON NANOTUBE
REINFORCED POLYMER NANOCOMPOSITES FROM ELECTRON TUNNELING EFFECTS ............ 783
Krishna Kiran Talamadupula, Gary D. Seidel

Author Index





