Hypervelocity Impact Symposium

(HVIS 2015)

Procedia Engineering Volume 103

Boulder, Colorado, USA
27-30 April 2015

Editor:

William P. Schonberg

ISBN: 978-1-5108-0587-3



Printed from e-media with permission by:

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

proceedings

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

Copyright© by Elsevier B.V.
All rights reserved.

Printed by Curran Associates, Inc. (2015)

For permission requests, please contact Elsevier B.V.
at the address below.

Elsevier B.V.
Radarweg 29
Amsterdam 1043 NX
The Netherlands

Phone: +31 20485 3911
Fax: +31 20 485 2457

http://www.elsevierpublishingsolutions.com/contact.asp

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2634

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

PIETACE ...t bR bR bbb bbbttt 1
William P. Schonberg
Tunable Charge WIth INTEFNAL LAYEKS ........coiiiiiiiii ettt etttk b bttt b e bt st b et 4

Werner Arnold
Asymmetric Material Impact: Achieving Free Surfaces Velocities Nearly Double That of the

g 0 T=To1 ] OO SURR 12
Tariq Aslam, Dana Dattelbaum, Richard Gustavsen, Robert Scharff, Mark Byers

Impact and Penetration of SiC: The Role of Rod Strength in the Transition from Dwell to Penetration.................... 19
Brady Aydelotte, Brian Schuster

Development of a Small Shaped Charge Insensitive Munitions Threat TeSt..........cccccoiiiiiineiiieeee e 27
Ernest L. Baker, Arthur Daniels, Stanley DeFisher, Nausheen Al-Shehab, Koon-Wing Ng, Brian E. Fuchs, Felix
Cruz

The Mechanochemistry of Damage and Terminal BalliStiCS.........ccooviiiiiiiiiie e 35
Todd Bjerke, Michael Greenfield, Steven Segletes

FEMA Asteroid Impact Tabletop EXercise SIMUIATIONS ..........ccccoiiiiiiiciiitie e 43
Mark Boslough, Barbara Jennings, Brad Carvey, William Fogleman

Guided Impact Mitigation in 2D and 3D Granular Crystals ..o 52
Hayden A. Burgoyne, John A. Newman, Wade C. Jackson, Chiara Daraio

Mesoscale Simulations of High-velocity Impact on Plain-weave and 3-D Weave S-2 Glass Targets.......c.ccocooeevecnnnne 60
Alexander J. Carpenter, Charles E. Anderson, Sidney Chocron

Facing a Hypervelocity Asteroid Impact Disaster: To Deflect or EVacuate?...........ccccovviiiieneieieieiiee e 68
Clark R. Chapman

Toughened Thermal Blanket for Micrometeoroid and Orbital Debris Protection ..........cc.ccocoevvvivieiiiiiinesccesne, 73
Eric L. Christiansen, Dana M. Lear

Terrestrial Carbonaceous Debris Tracing Atmospheric Hypervelocity-Shock Aeroplasma Processes ............cccc.c.... 81
Marie-Agnes Courty, Jean-Michel Martinez

Computational Modeling of Electrostatic Charge and Fields Produced by Hypervelocity Impact............ccccoceeeenee 89

David A. Crawford

MMOD Puncture Resistance of EVA Suits with Shear Thickening Fluid (STF) — Armortm Absorber

[T ST PO TP PP P ST R U UROPTRO 97
Colin D. Cwalina, Richard D. Dombrowski, Charles J. McCutcheon, Eric L. Christiansen, Norman J. Wagner

Mesoscale Modeling of Quartzite and Sandstone under Shock Loading: Influence of Porosity and

Pressure-dependent Quartz Stiffness on MacrosScopiC BENAVIOK ..........cccciiiiiiiiiiiiici s 105
Nathanaél Durr, Martin Sauer

Simulation of Asteroid Impact on Ocean Surfaces, Subsequent Wave Generation and the Effect on US

S LT =] [T TSRS 113
Souheil M. Ezzedine, llya Lomov, Paul L. Miller, Deborah S. Dennison, David S. Dearborn, Tarabay H. Antoun

Impact Compaction of @ Granular Material .............cooo i 121
Gregg Fenton, Blaine Asay, Devon Dalton

Revision Plan of 1S011227 Considering Oblique IMPact TESTS.......ccciviiiiiiiiiiie e 129

Yosuke Fujimura, Yasuhiro Akahoshi, Takao Koura, Pauline Faure, Koichi Norimatsu, Yassine Serbouti
A Model for Penetration Resistance in Brittle Materials Taking into Account Strain Hardening of

Solid Phase in Mescal-zone POWAEr MALEFIaAL.............coiiiiiiiiie bbb 135
B.A. Galanov, V.V. Kartuzov, S.M. Ivanov

The Unifying Role of Dissipative Action in the Dynamic Failure of SolidS..........cocooiiiiiiiiiiic e 143
Dennis Grady

Spacecraft for Hypervelocity Impact Research — An Overview of Capabilities, Constraints and the

Challenges Of GELHING THEIE .....ociitiiiiieie ettt et et sttt e st et e e be e be st et e s e s b e s e eseebesbe s b e e et e e eneereane 151

Jan Thimo Grundmann, Bernd Dachwald, Christian D. Grimm, Ralph Kahle, Aaron Dexter Koch, Christian
Krause, Caroline Lange, Dominik Quantius, Stephan Ulamec

Simulations of Hypervelocity Impacts iNt0 Graphite .............cooi i 159
D. Hébert, G. Seisson, |. Bertron, L. Hallo, J.-M. Chevalier, C. Thessieux, F. Guillet, M. Boustie, L. Berthe

Deep Impact — A Review of the World's Pioneering Hypervelocity Impact MiSSION ...........ccocoeiiiiinienineiiieeniens 165
Monte Henderson, William Blume

Simulations of Defense Strategies for Bennu: Material Characterization and Impulse Delivery..........c.ccocoeeviinene. 173

E.B. Herbold, J.M. Owen, D.C. Swift, P.L. Miller



Hypervelocity Impact of Aluminum Projectiles Against Pressurized Aluminum-composite Vessel ............cccccoeeunee. 181
Pierre-Louis Héreil, Jérome Mespoulet, Fabien Plassard

Comparison of Aluminum Alloy and CFRP Bumpers for Space Debris Protection...........c.ccccovvvneiniinciniecnnene 189
Masumi Higashide, Takumi Kusano, Yuu Takayanagi, Kazuyoshi Arai, Sunao Hasegawa

Momentum Transfer in Hypervelocity Impact Experiments on ROCK Targets..........cccovviiviniieicienesesesesies e 197
Tobias Hoerth, Frank Schafer, Jan Hupfer, Oliver Millon, Matthias Wickert

Dynamic Brittle Fragmentation: Probing the Byproducts of Hypervelocity Impact in Space...........c.ccocevevviinienene. 205
James D. Hogan, Charles EI Mir, Jeffrey B. Plescia, K.T. Ramesh

Applicability of Statistical Flaw Distributions of Eglin Steel for Fracture Calculations.............ccccooioiiiiniininiennne 213

Michael V. Hopson, Christine M. Scott, David Lambert

Benchmarking Surface Position from Laser Velocimetry with High-Speed Video in Impact

1= T 1] £SO 221
Marylesa Howard, Aaron Luttman, Eric Machorro, Rand Kelly, Jerome Blair, Melissa Matthes, Michael Pena,
Michael Hanache, Brendan O’Toole, Nathan Sipe, Kristen Crawford, B.T. Meehan, Robert Hixson

Down-Bore Velocimetry of an Explosively Driven Light-Gas GUIN ..........ccccooiiiieiiiieiieie e 230
Justin Huneault, Jason Loiseau, Myles Hildebrand, Andrew Higgins

Strength of Granular Materials in Transient and Steady State Rapid Shear.............cccoevvieiniinineeeee 237
Ryan C. Hurley, José E. Andrade

Shuttle MMOD IMPaCt DAtADase.........couiviiiiiiiiiiiieee ettt et st e st e e e e seeseebesbesbe s e b eseeneeneans 246
J. Hyde, E. Christiansen, D. Lear

Development of a Diagnostic Technique to Track Magnetized Projectiles in Opaque Media............c.ccoceviriinencne. 254

Keith A. Jamison, Koby K. Kennison, Bradley E. Martin

Hypervelocity Pressure Fields Driven by Cylindrical Converging Shock Used for Accelerating Dense
IMIEEAL PAFTICIES ... bRt r e bR e Rt e r e nn et e b e n et nen e nnen e 265
Charles M. Jenkins, Robert C. Ripley, Chris Cloney

Development of Equipment to Estimate Momentum Shift in NEO Orbit Change by a Spacecraft

4] 0= Lo OO TP P TP PP PRTPRRPRTPR 273
Shohei Kage, Satoshi Uenishi, Masashi Tanaka, Takao Koura, Yasuhiro Akahoshi

Development of Micro-Particles Accelerator with Pulse FOrmation ...........ccccoeviiiiciiiii e 279
Takumi Kikuta, Takaaki Uchino, Naoki Akao, Yasuhiro Akahoshi, Takao Koura

Stress Wave and Damage Propagation in Transparent Materials Subjected to Hypervelocity Impact..................... 287
N. Kawali, S. Zama, W. Takemoto, K. Moriguchi, K. Arai, S. Hasegawa, E. Sato

Protective Performance of Hybrid Metal Foams as MMOD Shields ...........c.coiiiiiiiiiiiii e 294
Andreas Klavzar, Maxime Chiroli, Anne Jung, Bernhard Reck

Control of Shaped Charge Jets Through Non-uniform Confinement............c.cccooiiiieiiiineiceee e 302

Geremy Kleiser, David Lambert
Remnants of Early Archean Impact Deposits on Earth: Search for a Meteoritic Component in the

BARBS5 and CT3 Drill Cores (Barberton Greenstone Belt, SOUth AfFiCa).........cccooeiriiiiiiiineieceee e 310
Christian Koeberl, Toni Schulz, W. Uwe Reimold

Incorporation of Material Variability in the Johnson Cook MOdEL............c.ccooiiiiiiiii e 318
Ryan Kupchella, David Stowe, Xudong Xiao, Anne Algoso, John Cogar

SPH Modeling Improvements for HyperveloCity IMPAaCES ........cooeiiiiiiiiiiese e 326

Ryan Kupchella, David Stowe, Mark Weiss, Hua Pan, John Cogar

Impact Frequency Estimate of Micron-sized Meteoroids and Debris on Tanpopo Capture Panels on

LU A L= S T OO TSROSO PP SOPT PR 334
Manami Kurihara, Masumi Higashide, Yuu Takayanagi, Kazuyoshi Arai, Hajime Yano, Makoto Tabata, Sunao
Hasegawa, Akihiko Yamagishi

Investigations of High Performance Fiberglass Impact Using a Combustionless Two-stage Light-gas

LU o OSSP TS T PR UPOUP PSP 341
Leslie Lamberson

Simulation-based Study of Layered Aluminum Crystal Microstructures Subjected to Shock Loading.................... 349
Jeffrey T. Lloyd, John D. Clayton

The Analysis Technique for Ejecta Cloud Temperature Based on Atomic SPeCtrum............cocevvirienenenencieninennene 357
Ma Zhao-xia, Huang Jie, Shi An-hua, Hu Hua-yu, Li Yi, Liu Sen

Simulation and Experiments of Hypervelocity Impact in Containers with Fluid and Granular Fillings .................. 365
Pascal Matura, Georg Heilig, Martin Lueck, Martin Sauer

Numerical Investigations of Hypervelocity Impacts on Pressurized Aluminum-Composite Vessels............cccccovnnnee. 373

Jérome Mespoulet, Fabien Plassard, Pierre-Louis Héreil, Patrick Thiot

Kinetic Energy Required for Perforating Double Reinforced Concrete Targets: A Parametric

Numerical Study Considering Impact Velocity and Penetrator Presented Area ...........ccocvevevieieieienesenesieese s 381
Christopher S. Meyer



Analytic Ballistic Performance Model of Whipple ShIelds............cooiiiiiiiii e 389
J.E. Miller, M.D. Bjorkman, E.L. Christiansen, S.J. Ryan

Ballistic Performance Model of Crater Formation in Monolithic, Porous Thermal Protection Systems................... 398
J.E. Miller, E.L. Christiansen, B.A. Davis, K.D. Deighton

Multi-shock Shield Performance At 14MJ for Catalogued Debris..........cccccviiiiieiiiicinitc e 405
J.E. Miller, E.L. Christiansen, B.A. Davis, D.M. Lear, J.-C. Liou

HVI Ballistic Limit Characterization of Fused Silica Thermal Panes............ccocooeiiiiiiiiinesee e 413
J.E. Miller, W.E. Bohl, E.L. Christiansen, B.A. Davis, K.D. Deighton

EMI's TwinGun Concept for a New Light-gas Gun Type Hypervelocity Accelerator ...........ccocooeviiieneneininiencne. 421
Robin Putzar, Frank Schaefer

Hypervelocity PENetration INTO SOIl...........cooiiiiiiiie ettt sttt b e be st sbe e e s eseaneens 427

Nicholas Nechitailo
Numerical Modelling of Ultra-High Molecular Weight Polyethylene Composite under Impact

o= Lo [ 1o o OSSPSR 436
Long H. Nguyen, Torsten R. Lassig, Shannon Ryan, Werner Riedel, Adrian P. Mouritz, Adrian C. Orifici

Ejecta Cone Angle and Ejecta Size Following a Non-perforating Hypervelocity Impact.............ccccoovininiiiinincnn, 444
Masahiro Nishida, Yasuyuki Hiraiwa, Koichi Hayashi, Sunao Hasegawa

Response of a Wire Probe Antenna Subjected to Hyper-velocity IMPacts ... 450
Kumi Nitta, Masumi Higashide, Atsuhi Takeba, Masahide Katayama

Modeling Plastic Deformation of Steel Plates in Hypervelocity Impact EXPeriments ..........ccooeovveinienniincienienns 458

Brendan O’Toole, Mohamed Trabia, Robert Hixson, Shawoon K. Roy, Michael Pena, Steven Becker, Edward
Daykin, Eric Machorro, Richard Jennings, Melissa Matthes

Asteroid Diversion Considerations and Comparisons of Diversion TeChNIQUES ..........coooviiiiriieiinieie e 466
J. Michael Owen, Paul Miller, Jared Rovny, Joe Wasem, Kirsten Howley, Eric B. Herbold
Composite Material Particle Impact Mitigation SIEEVE TeSHING ......ccveieireiiieie et 475

Nicholas R. Peterson, Justin C. Sweitzer
Holes Formed in Thin Aluminum Sheets by Spheres with Impact Velocities Ranging from 2 to 10

KIMI/S bbb bbbk f e e E e E e h bR Rt 482
Andrew J. Piekutowski, Kevin L. Poormon

Orbital Debris Assessment Testing in the AEDC RANGE G.....cccouiiiiiiiiiiienieie ettt 490
Marshall Polk, David Woods, Brian Roebuck, John Opiela, Patti Sheaffer, J.C. Liou

Analysis of Impact Melt and Vapor Production in CTH for Planetary Applications............ccccooeieiiiiinencincnene 499
S.N. Quintana, D.A. Crawford, P.H. Schultz

Time-resolved Spectroscopy of Plasma Flash from Hypervelocity Impact on DebriSat ..o, 507
Gouri Radhakrishnan

Shock Wave Structure in Particulate COMPOSITES ........cviviiiiiiiiiieiei ettt sb et b s e saereebe e e 515
Michael B. Rauls, Guruswami Ravichandran

Support Vector Machines for Characterising Whipple Shield Performance ............cccccoovoiiiiniiiinincneececcee 522

S. Ryan, S. Kandanaarachchi, K. Smith-Miles
Laboratory Impact Experiments to Study Asteroid Collisional Disruption as a Function of Size and

Shape iN the StrENQth REGIME. ..ottt e et et et e bt e e be e e n e e s e e seebesbesbese e b e e eneereee 530
Heidi Stange-Love, Eileen V. Ryan
Surface Wave Effects on the Ballistic Response of Brittle Materials ... 538

Jason McDonald, Sikhanda Satapathy
A First-Principles-Based Model for Crack Formation in a Pressurized Tank Following an MMOD

William P. Schonberg, J. Martin Ratliff

Concurrent Velocimetry and Flash X-ray Characterization of Impact and Penetration in an Armor
(O] = 1 oSS P PSP 553
Brian E. Schuster, Brady B. Aydelotte, R. Brian Leavy, Sikhanda Satapathy, Michael B. Zellner

Effects of Debris Cloud Interaction with Satellites Critical Equipments — Experiments and Modeling

RS R eSS RS e R SRS E SRS E SRS E AR E SRR E SRS RS RS e R e b SER e e 561
J.-M. Sibeaud, C. Puillet

High-Velocity Impact of Encased Al/PTFE Projectiles on Structural Aluminum Armor...........cccocooinincininienenne. 569
Brett Sorensen

Modeling Momentum Transfer from Kinetic Impacts: Implications for Redirecting Asteroids............ccoccoceeeencnne. 577
A.M. Stickle, J.A. Atchison, O.S. Barnouin, A.F. Cheng, D.A. Crawford, C.M. Ernst, Z. Fletcher, A.S. Rivkin

Investigation of S-SPH for Hypervelocity Impact CalCulations.............covoiiiiiiiiiieicee e 585
David Stowe, Ryan Kupchella, Hua Pan, John Cogar

Improved Artificial Viscosity in Finite Element Method (FEM) for Hypervelocity Impact Calculations. ................. 593

David Stowe, Ryan Kupchella, John Cogar



Method for Prediction of Fragment Impact Response Using Physics Based Modeling and Statistical

F AN g 1Y TSSOSO
Justin C. Sweitzer, Nicholas R. Peterson

A Quantitative Approach to Comparing High Velocity Impact Experiments and Simulations Using

XECT DALA ...t
Andrew L. Tonge, Brian Leavy, Jerry LaSalvia, K.T. Ramesh, Rebecca Brannon

Emission Spectroscopy of Hypervelocity Impacts on Aluminum, Organic and High-Explosive Targets
Jimmy Verreault, James P.R. Day, Wouter H.C. Halswijk, Jason Loiseau, Justin Huneault, Andrew J. Higgins,
Adam D. Devir

The Vaporization Threshold: Hypervelocity Impacts of Ice Grains into a Titanium Cassini Spacecraft

INSEFUMENT CRAMDET ...ttt bbbttt
James D. Walker, Sidney Chocron, J. Hunter Waite, Timothy Brockwell

Damage Modeling, Scaling and Momentum Enhancement for Asteroid and Comet Nucleus Deflection
James D. Walker, Sidney Chocron

Preliminary Study on Wood Stuffed Shield Configuration............ccccooooeiiiiiiineiieee e
Wen Xue-zhong, Li Yi, Huang Jie, Chen Ping, Long Yao, Liu Sen

Orbital Debris Wire Harness Failure Assessment for the Joint Polar Satellite System..........cc.cccoeveenne
Joel E. Williamsen, Steven W. Evans

Ultra-High-Speed Photography and Optical Flash Measurement of Nylon Sphere Impact Phenomena.
M. Yanagisawa, K. Kurosawa, S. Hasegawa

Shaped Charge Jet Penetration of Alon® Ceramic Assessed by Proton Radiography and

ComputatioNal SIMUIBLIONS .........coiiiiiie bbb ettt b e b b et ebe b
Michael B. Zellner, Richard Becker, Dattatraya P. Dandekar, Richard B. Leavy, Parimal J. Patel

Orbital Simulations for Directed Energy Deflection of Near-Earth Asteroids...........cccoooonieieiiiiiiiene
Qicheng Zhang, Kevin J. Walsh, Carl Melis, Gary B. Hughes, Philip Lubin

Author Index



