PROTECTION OF
MATERIALS AND STRUCTURES
FROM SPACE ENVIRONMENT

Proceedings of the
oth International Conference (ICPMSE-9)

Toronto, Canada 20 - 23 May 2008

EDITOR

Jacob I. Kleiman

University of Toronto Institute for Aerospace Studies
Toronto, Canada

SPONSORING ORGANIZATIONS

Canadian Space Agency

Montana State University

University of Toronto Institute for Aerospace Studies (UTIAS)
Integrity Testing Laboratory Inc. (ITL)

Advocated by NASA

All papers have been peer reviewed.

AMERICAN
INSTITUTE  Melville, New York, 2009

OFP}
ZPHYSICS  Ap coNFERENCE PROCEEDINGS 11087



Editors

Jacob I. Kleiman

University of Toronto Institute for Aerospace Studies
4925 Dufferin Street

Toronto, Ontario

Canada M3H 5T6

E-mail: jkleiman@itlinc.com

The articles on pp. 117 - 123, 241 - 248, 505 - 518 and 559 - 566 were authored by US government employees
and are not covered under the below mentioned copyright.

Authorization to photocopy items for internal or personal use, beyond the free copying permitted under the 1978
U.S. Copyright Law (see statement below), is granted by the American Institute of Physics for users registered
with the Copyright Clearance Center (CCC) Transactional Reporting Service, provided that the base fee of $23.00
per copy is paid directly to CCC, 222 Rosewood Drive, Danvers, MA 01923, USA. For those organizations that
have been granted a photocopy license by CCC, a separate system of payment has been arranged. The fee code
for users of the Transactional Reporting Services is: 978-0-7354-0619-3/09/$25.00

© 2009 American Institute of Physics

Permission is granted to quote from the AIP Conference Proceedings with the customary acknowledgment of the
source. Republication of an article or portions thereof (e.g., extensive excerpts, figures, tables, etc.) in original
form or in translation, as well as other types of reuse (e.g., in course packs) require formal permission from AIP
and may be subject to fees. As a courtesy, the author of the original proceedings article should be informed of any
request for republication/reuse. Permission may be obtained online using Rightslink. Locate the article online at
http://proceedings.aip.org, then simply click on the Rightslink icon/”Permission for Reuse” link found in the arti-
cle abstract. You may also address requests to: AIP Office of Rights and Permissions, Suite INO1, 2 Huntington
Quadrangle, Melville, NY 11747-4502, USA; Fax: 516-576-2450; Tel.: 516-576-2268; E-mail: rights@aip.org.

L.C. Catalog Card No. 2008942590

ISBN 978-0-7354-0619-3 (Original Print)
ISSN 0094-243X

Printed in the United States of America



CONTENTS

ICPMSE Conference Organization ... ............... .. ... . ittt xi
Goals and Scope of the Conference. . . ....... .. ... .. . . . . xii
Welcome AdAress . . ........ i e e xiii

OPENING SESSION

Spacecraft Materials in the Space Flight Environment: International Space Station:

May 2002=May 2008. . . . ... .o e 3
J. L. Golden, S. L. Koontz, E. L. Christiansen, R. F. Graves, M. J. Lorenz, J. W. Alred, and
M. J. E. O’Rourke

Study of Materials and Coatings on the Spacecraft Surfaces in the Salyut, MIR, and ISS

Orbital Stations: 1990—=2008. . . . . ... ... ... . 30
S. F. Naumov, V. A. Borisov, A. A. Gorodetsky, S. P. Sokolova, T. I. Gerasimova, and A. O. Kurilenok

SESSION A
SPACE ENVIRONMENTAL EFFECTS: AO, CHARGING, and UV EFFECTS

Ground-Laboratory to In-Space Atomic Oxygen Correlation for the PEACE Polymers . ............... 51
A. H. Stambler, K. E. Inoshita, L. M. Roberts, C. E. Barbagallo, K. K. de Groh, and B. A. Banks

Degradation of Silicon Carbide Reflective Surfaces in the LEO Environment. . ....................... 67
S. Mileti, P. Coluzzi, and M. Marchetti

Effects of Atomic Oxygen on Mechanical Properties of Polyimide Films . .. .......................... 75

H. Shimamura and T. Nakamura
Space Atomic Oxygen Erosion Effects on Epoxy and Silicone Adhesives Used in LEO

Spacecralt . . ... 83
T. Li, L. Jiang, W. Feng, and X. Liu

Numerical Simulation of Atomic Oxygen Flux and Fluence Distribution on Spacecraft

Surfaces in LEO Space Environment . . . . ... .. ... .. .. 90
Y. Liu, G.-H. Li, L.-X. Jiang, T. Li, and W. Feng

Behavior of Epoxy Nanocomposites under the Vacuum Ultraviolet Irradiation. ....................... 98
L.-X. Jiang, Y. Liu, T. Li, W. Feng, S.-Y. He, L. Sheng, and P. Chen

Ground-based Atomic Oxygen Tests of Pristine and Protected Polymeric Threads. . .................. 107

V. N. Chemik, L. S. Novikov, and T. N. Smirnova

An Improved Formulation for Calorimetric Emittance Testing of Spacecraft Thermal Control

C0atiM S . . . .. o e e e 117
L. R. Kauder

SESSION B
SPACE ENVIRONMENTAL EFFECTS: AO/VUV/TC

Effects of LEO Environment on Tensile Properties of PEEK Films ............ ... ... ... ... ... .... 127
T. Nakamura, H. Nakamura, and H. Shimamura

Comparison Study of Combined and Single Space Environmental Degradation Effects on

Thermal Control Materials. . . ... ... .. . e 137
W. Feng, Y. Ding, D. Yan, X. Liu, W. Wang, and D. Li

Tribological Characteristics of Bonded MoS, Film Exposed to AO, UV, and Real LEO

Environment in SM/SEED Experiment . .. ... ... ... . . 148
K. Matsumoto, M. Tagawa, and M. Akiyama

Studies of the Individual and Combined Effects of VUV Radiation and Hyperthermal O or Ar

Atoms on FEP Teflon® and PMMA Surfaces. ... ...............ooiuiummiii . 154
J. Zhang, N. F. Lindholm, A. L. Brunsvold, H. P. Upadhyaya, and T. K. Minton

Synergistic Effect of EUV from the Laser-sustained Detonation Plasma in a Ground-based

Atomic Oxygen Simulation on Fluorinated Polymers. .. ......... ... ... ... ... .. .. .. i, 170
M. Tagawa, S. Abe, K. Kishida, K. Yokota, and A. Okamoto

\



Contamination of Optical Surfaces under Irradiation by Outgassed Volatile Products ................ 185
R. H. Khasanshin, A. V. Grigorevskiy, A. N. Galygin, and N. G. Alexandrov

SESSION C
FLIGHT DATA

Preliminary Flight Data from the Materials Exposure and Degradation Experiment (MEDET) ... ... .. 195
A. P. Tighe, M. van Eesbeek, S. Duzellier, M. Dinguirard, D. Falguere, C. Pons, V. Inguimbert, C. Durin,
S. Gabriel, D. Goulty, and G. Roberts

Space Environment Effects on Materials at Different Positions and Operational Period of ISS...... ... 207
Y. Kimoto, S. Ichikawa, E. Miyazaki, K. Matsumoto, J. Ishizawa, H. Shimamura, R. Yamanaka, and
M. Suzuki

Analysis of the ISS Russian Segment Outer Surface Materials Installed on the CKK

Detachable Cassette . . ... ... ... . e 212

S. F. Naumov, V. A. Borisov, A. D. Plotnikov, S. P. Sokolova, A. O. Kurilenok, V. E. Skurat,
I. O. Leipunsky, P. A. Pshechenkov, N. G. Beryoskina, and I. O. Volkov
Testing of Polymer Materials on MIR Space Station and on International Space Station.............. 231
Yu. O. Bakhvalov, N. G. Alexandrov, T. N. Smirnova, V. K. Milinchuk, E. R. Klinshpont, O. A. Ananjeva,
O. F. Pasevich, L. S. Novikov, and V. N. Chernik

SESSION D1
MISSE
MISSE Thermal Control Materials with Comparison to Previous Flight Experiments ................ 241
M. Finckenor
Optical Reflector Materials Experiment-I (ORMatE-I) and ORMatE-II on Board MISSE. .. .......... 249

I. A. Palusinski, R. J. Walters, L. E. Matson, P. D. Fuqua, P. Jenkins, J. D. Barrie, M. J. Meshishnek,
S. R. Messenger, J. M. Geis, E. Jackson, and J. R. Lorentzen

SESSION D2
MISSE

MISSE-7: Building a Permanent Environmental Testbed for the International Space Station .......... 273
P. P. Jenkins, R. J. Walters, M. J. Krasowski, J. J. Chapman, P. G. Ballard, J. A. Vasquez, D. R. Mahony,
S. N. LaCava, W. R. Braun, R. Skalitzky, N. F. Prokop, J. M. Flatico, L. C. Greer, K. B. Gibson,
W. H. Kinard, and H. G. Pippin

MISSE Results Used for RF Plasma Ground Testing-to-space-exposure Correlation for Coated

S. K. R. Miller, B. A. Banks, and G. Tollis

Effect of LEO Exposure on Aromatic Polymers Containing Phenylphosphine Oxide Groups........... 291
K. A. Watson, S. Ghose, P. T. Lillehei, J. G. Smith, Jr., and J. W. Connell

Pristine and Surface-modified Polymers in LEO: MISSE Results versus Predictive Models and

Ground-based Testing . . . ... ... 300
Z. Iskanderova, J. I. Kleiman, and R. C. Tennyson

Lessons Learned from Atomic Oxygen Interaction with Spacecraft Materials in Low Earth

Or it . . 312
B. A. Banks, K. K. de Groh, S. K. Miller, and D. L. Waters

SESSION E
PLANETARY ENVIRONMENTS

Lightweight Rigid Composite Materials Cured by Space Environment Factors ...................... 329
V. P. Laricheva, G. V. Kalgashkina, A. F. Korotkiy, and Y. Y. Shavarin
An Investigation into Suitable High Temperature Spacers for the Bepi Colombo Mission ............. 343

C. O. A. Semprimoschnig and L. Levan
Vi



Investigations of Advanced Thermal Control Paint Coatings . .. ........... ... ... ... ... ... ... .... 349
A. V. Grigorevskiy, L. V. Kiseleva, and N. G. Aleksandrov

SESSION F-1
PROCESSES AND FACILITIES

Plasma Immersion Ion Implantation with Solid Targets for Space and Aerospace Applications. . ....... 357
R. M. Oliveira, J. A. N. Gongalves, M. Ueda, G. Silva, and K. Baba

Protection of Diamond-like Carbon Films from Energetic Atomic Oxygen Degradation

through Si-doping Technology . . . ... ... .. . 368
K. Yokota, M. Tagawa, A. Kitamura, K. Matsumoto, A. Yoshigoe, Y. Teraoka, J. Fontaine, and M. Belin

Study of Tribological Properties of MoS,+Graphite Sputtered Composite Coatings under

Various Environment Pressures. . ... ... .. 384
Y. Liu, C.-T. Luo, Z. Ye, J. Yang, and D. Yang

Novel Approach to Space-survivable Polyimides: Liquid Phase Deposition of Titania Coating

on Kaptom . .. ... 391
I. Gouzman, O. Gershevitz, E. Grossman, N. Eliaz, and C. N. Sukenik

SESSION F2
PROCESSES AND FACILITIES

Protection of Polymers from the Space Environment by Atomic Layer Deposition ................... 407
N. F. Lindholm, J. Zhang, T. K. Minton, J. O’Patchen, S. M. George, and M. D. Groner

LEO Atomic Oxygen Measurements: Experiment Design and Preliminary Results . .................. 419
G. T. Roberts, A. R. Chambers, and C. B. White

Removal of Low Molecular Compounds from Silicone Binder Used for Space Applications. . .......... 426

Y. Zeng, R. Zuo, Z. Luo, and B. Tan

Concept of a New Multifunctional Space Simulator for Accelerated Ground-based Testing in

Modern Space Exploration Era. . ... ... ... . . e 432
J. I. Kleiman, S. Horodetsky, and V. Issoupov

SESSION PO — F-1
PROCESSES AND FACILITIES

Atomic Oxygen Sensors Based on Nanograin ZnO Films Prepared by Pulse Laser Deposition . .. ... ... 455
Y. Wang, X. Chen, Zh. Li, K. Zheng, L. Wang, Zh. Feng, and Sh. Yang
Innovative Embedded Fiber Sensor System for Spacecraft’s Health in-situ Monitoring. . .............. 463

E. Haddad, R. Kruzelecky, J. Zou, B. Wong, N. Mohammad, G. Thatte, W. Jamroz, and S. Riendeau

SESSION G
MATERIALS

Development of a Flexible Solar Reflector for Geostationary Spacecraft . ........................... 477
J. Beigbeder, P. Demont, S. Remaury, P. Nabarra, and C. Lacabanne

Investigation of Thermo-optical Characteristics of Thermo-regulating Covers on Geostationary

Or it . . 485
A. A. Gorodetsky, V. A. Borisov, S. P. Sokolova, and S. F. Naumov

Durability of Structural Assemblies for Space Applications under Hydrothermal Aging

Conditions . . . ... ... e 495
M. Chevalier, E. Dantras, C. Tonon, P. Guigue, C. Lacabanne, C. Puig, and C. Durin
Space-Survivability of Main-Chain and Side-Chain POSS-Kapton® Polyimides . ..................... 505

S. J. Tomczak, M. E. Wright, A. J. Guenthner, B. J. Pettys, A. L. Brunsvold, C. Knight, T. K. Minton,
V. Vij, L. M. McGrath, and J. M. Mabry

Study on Friction and Wear Properties in Vacuum for y-Ray Irradiated PTFE Coatings ............. 519
Y. Liu, Ch. Luo, Zh. Ye, X. Yuan, and D. Yang

Vi



Thermophysical Analysis of High Modulus Composite Materials for Space Vehicles.................. 526

H.-S. Lee

Fatigue Properties of Ti-6A1-4V Alloy in Vacuum at Cryogenic Temperature . . ...................... 534
S. L. Dong, G. Lu, L. Q. Zhang, D. Z. Yang, S. Y. He, and E. H. Han

Measurement of Photoelectron Emission Using Vacuum Ultraviolet Ray Irradiation.................. 544
Sh. Okamura, T. Iwao, M. Yumoto, H. Miyake, and K. Nitta

Modeling and Testing of Nanomaterials for Space Applications. ... ......... .. .. ... ... ... ... .... 550

L. S. Novikov, V. N. Mileev, and E. N. Voronina

SESSION I
MICROMETEOROIDS, SPACE DUST

Analysis of Regolith Simulant Ejecta Distributions from Normal Incident Hypervelocity

TP aCt . . .o 559
D. L. Edwards, W. Cooke, R. Suggs, and D. E. Moser

The Sporadic Meteoroid Complex and Spacecraft Risk ........ ... ... .. .. ... .. ... .. ........ 567
P. Wiegert and J. Vaubaillon

Physical Effects during Micrometeoroid Particles’ High-velocity Impacts on the

Metal-dielectric-metal Film Structures. . ........ . ... . . 572
N. D. Semkin, L. S. Novikov, K. E. Voronov, and R. A. Pomelnikov

SESSION K
CHARGING EFFECTS AND MITIGATION OF SPACE CHARGES

Material Property Measurements Related to Engineering Design Optimization Guidelines and

Spacecraft Charging . ... ... ... 579
K. Nitta, H. Miyake, and M. Takahashi

CARBOSURF™ Surface Modification Technology for Charge Dissipative and

Radio-Transparent GEO Durable Space Polymers. .. ......... .. ... .. . . . i 588
Z. Iskanderova, J. I. Kleiman, V. Issoupov, and F. Bussieres
Surface Charging of Polyimide Based on Radiation-induced Conductivity Model .................... 600

J. Wang, J. Qiu, X. Qin, and L. Wang

The Results of Ground-based and In-flight Testing of Charge-dissipative and Conducting

EKOM Thermal Control Paints. . ... ... i e e e 610
J. I. Kleiman, Z. Iskanderova, V. Issoupov, A. V. Grigorevskiy, L. V. Kiseleva, M. Finckenor,
S. F. Naumov, S. P. Sokolova, and A. O. Kurilenok

SESSION L
ENVIRONMENTAL EFFECTS: RADIATION AND CHARGED PARTICLES

Degradation of Optical Characteristics of a ZnO Organic White Paint by Electron Irradiation . .. ..... 623
D. Li, D. He, Y. Xue, J. Wang, and H. Tian

On-ground Simulation of the Proton Spectrum in Space. . ......... ... .. .. .. .. .. ... .. ... .. ... 629
H. Liu, M. Guan, S. He, D. Yang, H. Wang, and V. V. Abraimov

Space Model—A New Russian Handbook on Spacecraft/Environment Interaction. . .................. 637

L. S. Novikov, M. I. Panasuyk, and E. N. Voronina

Secondary Electron Emission as a Measure of Sample Degradation Irradiated with Electrons

aNd UV . e 645
H. Miyake, K. Nitta, S. Michizono, and Y. Saito

A Study of Electric Properties of Single-junction GaAs Solar Cells Irradiated by Low-energy

ProtomS. . .. 650
H. Zhao, Y. Wu, S. He, Y. Sun, Q. Sun, W. Lu, Z. Xiao, and C. Huang

Characterization of Surface Morphology Changes Induced by Proton Irradiation of an

Aluminum Film Reflector . . . . ... .. .. 657
Q. Wei, H. Liu, S.-Y. He, and Z.-D. Cui



Measurement of Space Charges of Dielectric Materials by Pulse Electroacoustic Method after

Irradiation by High-energy Electron Beam ... ... ... .. ... ... ... ... .. .. .. ... .. .. ...

X. Qin, K. Li, Mayali, X.-Q. Zheng, and X.-D. Liu
Influence of Space Radiation on the Outgassing Rate of a Patterned Polymeric Composite in

VaCUUIN . . .o e

R. H. Khasanshin, A. N. Timofeev, and M. E. Ivanov
Radiation Stability of Zinc Oxide Pigment Modified by Zirconium Oxide and Aluminum

Oxide NanoOpPOWAersS. . . . ... ... . e

M. M. Mikhailov, V. V. Neshchimenko, and C.-D. Li
Surface Protection and Improved Performance of Satellite Components as well as Mitigation

of Space Environmental Pollution by Plasma Ion Implantation. .. ... .........................

M. Ueda, W. K. Takahashi, A. R. Marcondes, I. H. Tan, and G. Silva

Author IndeX . . ...





