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Sponsor’s Speech

Opening Ceremony, the 9™ Spacecraft Charging Technology Conference

Shu T. Lai

Air Force Research Laboratory
Space Vehicles Directorate
Hanscom AFB., MA, USA

Good morning. Welcomc to this Conference. I would like to thank the leadership of the
9" Spacecraft Charging Technology Conference for inviting me to give a sponsor’s speech at the
opening ceremony. The Air Force Research Laboratory’s (AFRL) Space Vehicles Directorate is
plcased to offer its support to the leadership in hosting the 9" Spacecraft Charging Technology
Conference in Tsukuba, Japan, in April 2005. AFRL has a long history of co-sponsoring this
important topical conference and we look forward to this tradition. This conference is the 9th in
the series. AFRL has been a sponsor or co-sponsor of each of the Conferences in the series.

The first one was sponsored by AFRL and NASA and was held at the US Air Force
Academy, Colorado Springs, 1978. Mr. Charlie Pike was the AFRL person organizing and
chairing the first Conference. In fact, the first four conferences were all held at the US Air Force
Academy in Colorado. The fifth one was held in Naval Postgraduate School, Monterey, CA. It
was organized by Dr. Chris Olsen. The sixth one was at Hanscom AFB., Massachusetts, and
was organized mainly by Dr. David Cooke and also myself. We always appreciated the strong
attendance by our international colleagues. The European Space Agency Technology Centre’s
(ESTEC) sponsorship of the 7" Conference, held in Holland, set a significant milestone in the
history of the conference series making it a truly international event. Dr. Alain Hilgers was the
organizer of the Conference in Holland. The 8" Conference was held at NASA Marshall Space
Flight Center, Huntsville, Alabama. It was organized by Mr. Jody Minor. Each one of the
Conferences in the series has been a great success. The topical discussions have greatly helped
in making progress in the fields of spacecraft charging, spacecraft interactions, and related areas.

Now comes the 9" Spacecraft Charging Technology Conference. This one is hosted by
Japan Aerospace Exploration Agency (JAXA) of Japan, making it again a truly international
event. Dr. Tateo Goka is the chair of the organizing committee, as you know. AFRL is pleased

to offer its support to this Conference. We have been budgeting funds specifically for the travel



of AFRL personnel and contractors. gFRL would like to publish the conferencc proccedings as
an AFRL Technical Report. AFRL Technical Reports are not cogxrightg(g so there should be no
problem with duplicate publication by JAXA. In addition, we have identified a program at
AFRL/AOARD’s Tokyo office for providing financial support to the Confercnce. We realize
that the support is not much but we hope that our pledge of support has aided the Conference in
securing the highest level of JAXA endorsement for this activity. In conclusion, AFRL wishcs

this Conference a great success.



In Memoriam
Arthur Robb Frederickson

A. Robb Frederickson, known as “Robb,” died of
pancreatic cancer at Huntington Memorial Hospital, Pasadena,
California, on April 5, 2004. A Senior Member of IEEE, Robb
served as Chairman of the Boston Section 1EEE Nuclear and

Plasma Sciences Chapter for 10 years and as Secretary for S years.

In addition, Robb was Treasurer of the 1974 1EEE Radiation
Effccts Conference.

Robb grew up in Berkeley Heights and Westfield, New
Jersey, the son of the former Arthur R. and Bertine B.
Frederickson. At Rensselaer Polytechnic Institute he received his
B.S. in Physics in 1965. Robb received his MS and PhD degrees
in physics from the University of Massachusetts at Lowell. His
dissertation, “Recombination-enhanced Defect Diffusion in
Semiconductor Devices, Carbon in Silicon,” foreshadowed his
wide-ranging studies in microelectronic devices and their
interactions with thc space environment.

After 31 years at Air Forcc Cambridge Research
Laboratory and its reincarnations (AF Rome Air Development
Center, AF Geophysics Lab, AF Philips Lab, and AF Research
Lab) at Hanscom AFB, Massachusetts, Robb moved to Pasadena,
CA, in 1997 when he joined Caltech’s Jet Propulsion Laboratory.

He had ovcr 71 publications, presented innumerable talks
at conferences worldwide, was granted 5 patents, and authored a
well-received book on radiation effects on dielectrics. He capped
his Air Force career as Principal Investigator of the CRRES
satellite Internal Discharge Monitor. This experiment proved to be
a landmark in the study of spacecraft charging and gained him
international fame for the seminal findings on the characteristics
of internal spacecraft discharges that came from it.

Representative of the way his many friends and
colleagues felt about him, one of them recently summarized his
contributions:

“He demonstrated great physical originality and brought a
critical perspective to our spacecraft charging work,” and that
was merely his first career.

In his second career in Pasadena, he became a
recognized expert at JPL and Caltech in spacecraft charging
effects. Creating his own plasma physics laboratory, he studied
the effects of plasma and space radiation on spacecraft materials
and characterized the space radiation belts. Robb consulted for
many JPL and commercial spacecraft programs about the effects
of plasma and radiation, and helped develop optimum spacecraft
designs to avoid the deleterious effects of the space environment.
In addition, he took a lead role in training young engineers,
helping to develop the next generation of JPL engineers and
scientists. His research results, through review papers, scientific
meetings, and publications, have permanently secured his place
as an international expert in spacecraft design.

Robb received the Air Force Systems Command
Technical Achievement Award in 1969. He is listed in Who's
Who in Science and Engineering and in Who's Who in America
(Marquis). Robb served the Hanscom Chapter of Sigma Xi as
Treasurer and Secretary. In Massachusetts, Robb was active in
the Carlisle Boy Scout Troup and in Colonial Wireless. Other
memberships include the American Physical Society, ARRL
and both the Caltech and JPL Ham Radio Clubs.

Robb leaves his wife of 33 years, Christine, his sons
Timothy and Nathan, a daughter Julie, a daughter-in-law Tracey,
and a granddaughter Olivia, a great joy of his last year. In
addition to his immediate family, he is survived by a brother
Alan of New Jersey, four nieces and a nephew, two aunts and
many cousins—all on the East Coast.

HENRY GARRETT
Jet Propulsion Laboratory



o Spacecraft Charging Technology Conference

Schedule of Events

| Sunday, April 3™

15:30-17:00 Pre—Registration at Tsukuba International Congress Center 2F
Convention Hall 200
17:00-18:30 Welcome Reception at Restraint Espoir

Tsukuba International Congress Center 1F

| Monday, April 4"

7:30-8:30 Registration

8:30-8:50 Opening Remarks

Special Invited Talks

8:50 Hitoshi Kuninaka — ISAS/JAXA

Spacecraft Design and Flight Status of HAYABUSA - Asteroid
Explorer Propelled by Microwave Discharge Ion Engines ‘*'®

9:35 Tatsuo Takada — Musashi Institute of Technology

Pulse Acoustic Technology for Measurement of Charge
Distribution in Dielectric Materials for Spacecrart ‘11t%

10:20 Break (20 minutes)

10:40 Tateo Goka — Japan Aerospace Exploration Agency (JAXA)

JAXA Space Environment Measurement —Overview & Plan— 1159

10:55 Mitsushige Oda — Japan Aerospace Exploration Agency (JAXA)

Solar Power Satellite and Electrical Discharge ‘''***

Ao Foi-04-0l%00



11:40 Masahito Tagawa — Kobe University
Atomic Oxygen—Induced Erosion of Spacecraft Materials

-Potential Hazards for Spacecraft Systems— '%°%t9

12:25 Lunch { 1 Hour 25 minutes )

Session 1: Spacecraft Plasma Interaction and Ground Test

13:50 Dale Ferguson — NASA/MSFC
Arcing in LEO — Does the Whole Array Discharge? ‘%%
14:15 Hirokazu Tahara — Osaka University
Ground—Based Experiment of Electric Breakdown of Spacecraft

Insulator Surface in Ambient Plasma Environment 't

14:40 Leon Levy — ONERA
Arc Propagation on Space Power Transfer Systems: A First

Approach Study %8V

15:058 Henry Brandhorst — Auburn University )
Hypervelocity Impact to Solar Cells in a Plasma Environment'**¢

15:30 David Rodgers — QinetiQ
Development of the Spacecraft Plasma Interaction Guidelines and

Handbook (106rod)
15:55 Poster Session 1

Takuya Harada — Shibaura Institute of Technology
Evaluation of Irradiation Effects on Silica Glass by

Electron-Beam '**"

Takashi Kawasaki — Kyushu Institute of Technology
ESD Test of a Large Solar Array Coupon in GEO Plasma

Environment '°3%%s¥)

Kenta Mitsuhashi — Musashi Institute of Technology

Development of Optical Measurement System for Internal Charge

Distribution in Insulating Materials '°°®™%



Junya Taima — Musashi Institute of Technology
Observation of Internal Charge Behavior of F—Beam Irradiated

Polymers Used on Spacecrafts During Elevating Temperature °7

Fuyuko Fukuyoshi — Musashi Institute of Technology
Observation of Internal Charge Behavior in FElectron Beam

Irradiated Polymers Using Acoustic Method ‘%t

Kazuhiro Toyoda — Chiba University
Proposal of a Current Regulative Diode for Power Supply in

Sustained Arc Test °7°%Y

Nelson W. Green — Jet Propulsion Laboratory
Charge Storage Measuremens of Resistivity for Dieleciric

Samples from the CRRES Internal Discharge Monitor °79

Haruhisa Fujii — Nara National College of Technology
ESD—-Triggered Arc Discharges on Solar Array by Electron-Beam

Irradiation ‘%3t

Haruhisa Fujii — Nara National College of Technology

Basic Experiment for Vacuum Arc Discharge Triggered by ESD '°84w)

Brian Wells — Auburn University
Cryogenic and FElevated Temperature Hypervelocity Impact

Fac.i.ljty (057wel)

Tadahiro Shimoda — Kyoto University
Asymmetry of Photoelectron Distribution and its Dependence on
Spacecraft Potential Obtained from GEOTAIL Data tnaensl

Boris Vayner — Ohio Aerospace Institute

Thin Film Solar Array Samples in Simulated LEO Environment'*®"®"

DELU QU - Kyushu Institute of Technology
Laboratory Test of Arcing on Satellite Power Cables %7~
Jeongho Kim — Kyushu Institute of Technology

Threshold Conditions to Induce the Sustained Arc on the Solar
Array Panel of LEO Satellite ™™



Keigo Ishisaka — Toyama Prefectural University
Relationship Between the Geotail Spacecraft Potential and the

Electron Density in the Near Tail Regions '®%®

Myron Mandell — Science Applications International Corporation
NASCAP-2K Simulations of VLF Plasma Antenna '""**"

Teppei Okumura — Kyusyu Institute of Technology
Degradation of Solar Cell Electric Performance Due to Arcing in
LEO Plasma Environment ‘%28

Yasumasa Kasaba — ISAS/JAXA
Evaluation of DC Electric Field Measurement by GEOTAIL

Observations & Simulations '*™*

Yuri Ruzhin — Russian Academy of Science
The Spacecraft Charging by the Electron Beam lInjection at

Ionosphere "% 19

Minoru Iwasa — Tokyo Institute of Technology
Study of the Plasma Interference with High Voltage Electrode

Array for Space Power Application '°%**?

Denis Payan — CNES
Charging of Coaxial Lines with Floating Core at Geosynchronous

Altitudes, 0P

Hironori Maejima — Japan Aerospace Exploration Agency
On-Orbit Power Fluctuations of ADEOS—-II 1%m

Benoit Thiebault — ESA (098thi)

Potential Barrier in the Electrostatic Sheath Around a Spacecraft

Benoit Thiebault — ESA
Simulation of the Cluster floating probe signal ‘*****

Noriyoshi Onodera — Mitsubishi Electric Corporation (1090n0)

Robust Design of Satellite Systems Against Spacecraft Charging



Satoshi Hosoda — Kyushu Institute of Technology {110hos)
Development of 400V Solar Array Technology for LEQO Spacecraft

Yoshio Shikata Kyushu Institute of Technology
Optical Spectral Analysis of ARC Plasma on Solar Array in GEO

Plasma Environment ‘111

Evgeny Nikolskiy — Russian Federal Space Agency Lavochkin
Association
The Analysis of Spacecraft — “Arcon-1" Charging Under Data

of Flight Measurings and Mathematical Simulation "%

Gary Galica — Physical Sciences Inc..

Energetic Charged Particle Spectrometer for the Suvdce
Environment Reliability Verification Integrated System
(SERVIS-1) Satellite ‘%"

Vitaly Shpakovsky — Russian Academy of Science
The Dynamics of the Spacecraft Potential During Electron Beam

Injection %3

Benoit Thiebault — ESA

Measurements of SMART-1 Plasma Environment %™

John Alred — Boeing

Time to Effect of Plasma-Induced Arcing on ISS Anodized

Aluminum Surfaces 1#®




| Tuesday, April 5"

Session 2:

Ground Testing Techniques and International Standardization

8:30 Emmanuel Amorim — CNES
Electrostatic Discharges on a 1M? Solar Array Coupon - Influence

of the Energy Stored on Coverglass on Flashover Current ‘****™°

8:55 Ludovic Gaillot — EADS—-ASTRIUM

Secondary Arcs on Solar Generators — Emags?2 Test Campaign %%

9:20 Boris Vayner — Ohio Aerospace Institute

Large Solar Array in Dense Plume Plasma: Ground Test %7

9:45 Dale Ferguson — NASA Marshall
NASA GRC and MSFC Space-Plasma Arc Testing Procedures ‘*'*"

10:10 Break ( 20 minutes )

10:30 Claude Berthou — Alcatel Space
Plasma ESD qualification test procedure of Alcatel Space Solar
Array (04Sber)

10:55 Mengu Cho — Kyushu Institute of Technology

Japanese Practices of Solar array ESD Ground Tests ‘%53

11:20 Henry Garrett — The Jet Propulsion Laboratory
Towards a New Surface and Internal Charging Design Guideline for
the 21st Century ‘39

11:45 Denis Payan — CNES
Solar Array Test Set—Up Proposed in the Frame of European

Standardization. ‘1%

12:10 Excursion / Lunch on Bus



| Wednesday, April 6|

8:30 Round Table Discussion on ESD Test Standard

10:10 Break ( 20 minutes )

Session 3:

Spacecraft Plasma Interaction and Environment Specification

10:30 Shu Lai — Air Force Research Laboratory
Why do Spacecrafts Charge in Sunlight? Differential Charging and

Surface Condition %%

10:55 Joseph Minow ~ NASA/Marshall Space Flight Center
Radiation and Internal Charging FEnvironment's for Thin

Dielectrics in Interplanetary Space "™

Session 4: Modeling, Database and Numerical Simulation

11 :20 Jean—Francois Roussel — ONERA
Spacecraft Plasma Interaction Software (SPIS): Numerical Solvers

Methods and Architecture ‘***°%

11:45 Julien Forest — Artenum Company

SPIS—-UI, a New Integrated Modeling Environment (IME) for Space

Environment Simulation Codes. ‘"""

12:10 Benoit Thiebault — ESA
Tests and Validation of a New Spacecraft Plasma Interaction
Software, SPIS 101

12:35 Lunch ( 1 Hour 25 minutes )

14:00 Hideyuki Usui — Kyoto University

Development of Geospace Environment Simulator '****




14:25

14:50

15:15

15:40

16:05

Shinji Hatta — Kyushu Institute of Technology

Multi—utility Spacecraft Charging Analysis Tool (MUSCAT):

Development Overview %Y

Sebastien Clerc — Alcatel Space

3D-Simulation of the Satellite Charge 1In Magnetosphere

Environment ‘%5

Myron Mandell — Science Applications International Corporation

Nascap-2k Spacecraft Charging Code Overview ‘™™

Joseph Wang — Virginia Polytechnic Institute & State University

A First-Principle Based Virtual Testbed for Spacecraft ‘%

Poster Session 2

Denis Payan — CNES

Electrostatic Behaviour of Dielectrics Under Geo—Like Charging

Space Environment Simulated in Laboratory. %)

John Dennison — Utah State University

Payload to Investigate Their Effects on Electron Emission and

Resistivity of Spacecraft Materials "%

Yokota Kumiko — Kobe University

Atomic Oxygen-—Induced Erosion of Polymeric Materials Under

Surface Charging Condition ‘**°¥

Sebastien Clerc — ALCATEL SPACE

The Importance of Accurate Computation of Secondary Electron

Emission for Modeling Spacecraft Charging ‘"

Adrian Wheelock — AFRL/VSBX

Simulations of Current Coupling in Ion Beam-Neutralizer

Interactions ™"

Crispel Pierre — CNES

Secondary Arc Modelisation on Satellite Solar Generators ‘%%



Koji Horikawa — Osaka University
Numerical Calculation of Ablation and Plasma Expansion Induced
by Electric Breakdown of Spacecraft Insulator Surface in Ambient

Plasma Environment %0%hor)

Linda Parker — Jacobs Sverdrup/MSFC Group
Analysis of Surface Charging for a Candidate Solar Sail Mission
Using NASCAP-2K 0Tves)

Masaki Okada — ROIS/NIPR
Development of Unstructured—Grid EM Particle Code for the

Spacecraft Environment Analysis ‘%%

Rikio Watanabe — Musashi Institute of Technology
1D Monte—-Carlo Simulation of Charge Accumulation Process

Inside Teflon film “%®¥et

Sachio Akebono — Kyushu Institute of Technology

Circuit Analysis of Effects of Solar Array Arcing on Spacecraft
Power System '%%42x¢)

Sebastien Clerc — ALCATEL SPACE {026cle)

Validation of Daylight Charging Capabilities of the Sparcs Code

Valery Mileev — Moscow State University (043mil)

Modeling of Spacecraft Dielectric Materials Internal Charging

Hirokazu Tahara — Osaka University

Ground—Based Experiment of FElectron Collection by an

Electrodynamic Bare Tether """

Hirokazu Tahara — Osaka University

Plasma Plume Characteristics of Electric Thrusters °%t®

Juan Sanmartin — Universidad Politecnica de Madrid

Performance of Coupled ED-Tether / Ion Thruster System ‘°4**"

Kengo Yanagi — Ibaraki University
Effect of Magnetic Fields on Sustainment and Dynamics of Low

Current DC Vacuum Arcs ‘°%v*



Myron Mandell - Science Applications International Corporation

Ion Engine Plume Interaction Calculations for Prometheus I'07™™

Satomi Kawamoto — Japan Aerospace Exploration Agency

Electrodynamic Tether Systems for Debris Removal ‘%"

Yasushi Okawa — Japan Aerospace Exploration Agency
Preliminary Testing of Carbon—-Nanotube Field Emission Cathodes

for Electro Dynamic Tethers ***

Boxue Du — Tianjin University
Discharge Characteristic of Gamma—-Ray Irradiated Polybutylene
Naphthalate '©* %

Shana Figueroa — Air Force Research Laboratory (092£ig)

Ion Scattering in a Self—-Consistent Cylindrical Plasma Sheath

Sebastien Jourdain — Artenum Company
LibreSource: A New Virtual Lab for the SPINE Community 5%

Takayuki Harano — Kyushu Institute of Technology

Preliminary Study on Sustained Arc due to Plasma Excited by

Debris Impact on the Solar Array Coupon ‘™

Ikkoh Funaki — Japan Aerospace Exploration Agency

Scaled—Down Experiment of Spacecraft Charging with Artificial

Plasma Emission ‘17

Hidenori Kojima — University of Tsukuba

Experimental Study of Magnetic Sails *%°)

Brandon Reddell — Boeing

Probabilistic Analysis of ISS Plasma Interaction **°®

Brandon Reddell - Boeing

Floating Potential Measurement Unit Langmulir Probe Testing and

Data Reduction Techniques for ISS Applications **°r¢

Aroh Barjatya — Utah Space University

Vehicle Charging on a Sounding Rocket Payload %%



Charles Swenson — Utah Space University

The ISS Floating Potential Measurement Unit ‘#*"®

Charles Swenson ~ Utah Space University

Plasma Impedance Probe Diagnostics: Model and Data '*%*"®

Richard Briét — The Aerospace Corporation

Optimization of Spacecraft Charging Mitigation Requirements ‘**°*

Richard Briét — The Aerospace Corporation

Scaling Laws for Pulse Waveforms from Surface Discharges ***°™)




| Thursday, April 7|

Session 5: Plasma Propulsion and Tethers

8:30

8:55

9:20

9:45

10:10

Session 6:

10:30

10:55

11:20

11:48

12:10

Erik Engwall — Uppsala University
Cold magnetospheric Plasma Flows and Spacecraft Wakes:PicUp3D

Simulations and Cluster Data ‘™

Juan Sanmartin — Universidad Politecnica de Madrid
Spherical Collector Versus Bare Tether for Drag, Thrust, and

Power Generation '°%%™

George Khazanov — NASA/MSFC {014kha)
Analysis of Bare—Tether Systems as a Thruster for MXER Studies

Hironori FUJII — Tokyo Metropolitan University (055Fu3)

A Proposed Bare—Tether Experiment on Board a Sounding Rocket

Break ( 20 minutes )

Satellite On-orbit Investigations

Gary Galica — Physical Sciences Inc.

Scintillator—Based Low Energy Particle Imaging {056oRL)
Evgeny Nikolskiy — Russian Federal Spase Agency Lavochkin
Association (080nik)

S/c “Cosmos — 2393 “ Charging Under Data of Flight Measurings

Joseph Fennell — Aerospace Corp
HEO Satellite Surface Charging in1995-2002 %"

Klaus Torkar — IWF/OAW
Active Spacecraft Potential Control: Results from the Double Star

Project (018tor)

Lunch ( 1 Hour 20 minutes )



13:30

13:55

14:20

14:45

15:10

Lev Novikov — Moscow State University

Analysis of On—~Board Magnetosphere Plasma Data and

Geosynchronous Spacecraft Charging ‘"

S.V.K. Shastry — ISRO Satellite Centre

On-orbit Data from Surface Charge Monitor Payload of GSAT-2

Spacecraft {"10%v%

James Roeder — The Aerospace Corp.

Differential Charging of Satellite Surface Materials ‘*%**°*

Anders Eriksson — Swedish Institute of Space Physics

Charging of Conductive Spacecraft in the Auroral Zone *°%*™

Break ( 20 minutes )

Session 7: Charging of Polar Orbiting Satellites

15:30

15:58

16:20

16:45

17:10

Phillip Anderson —~ University of Texas at Dallas
Spacecrarft Charging Hazards in Low Earth Orbit **¢

Masao Nakamura - National Institute of Information and
Communications Technology

Space Plasma Environment at the ADEOS-II Anomaly 07"

Shirou Kawakita — Japan Aerospace Exploration Agency
Investigation of Operational Anomaly of ADEOS—II Satellite ‘%6%="

Takanori Iwata — Japan Aerospace Exploration Agency
Solar Array Paddle for the Advanced Land Observing Satellite

(ALOS): Charging Mitigation and Verification '

Mengu Cho — Kyushu Institute of Technology
ESD Tests of Solar Array Paddle on a Polar Orbiting Satellite 952}



| Friday, April 8"

Session 8:

8:30

8:55

9:20

9:45

10:10

Session 9:

10:30

10:55

11 :20

Numerical Simulation of Spacecraft Interaction with
Thruster Plume and Solar Wind

Iain Boyd — University of Michigan

Numerical Simulation of Hall Thruster Plasma Plumes ‘%%

Alain Hilgers — ESA
Modelling of SMART—-1 Interaction with the Electric Thruster

Plume (102hil)

Victoria Davis — Science Applications International Corporation
Ionospheric Currents to the Special Sensor Ultraviolet Limb
Imager on DMSP %69dV)

Gennady Markelov — AOES BV

Modifications of SPIS Software and Modeling of Plasma Flow
Around SMART-] ‘0%6mar)

Break ( 20 minutes )

Material Characterization

John Dennison — Utah State University

Evolution of the Electron Yield Curves of Insulators 7%

John Dennison — Utah State University

Proposed Modifications to Engineering Design Guidelines Related

to Resistivity Measurements and Spacecraft Charging ‘*"*%™

Virginie Griseri — Laboratoire de Génie Electrique de Toulouse

Space Charge Detection and Behaviour Analysis in Electron

Irradiated Polymers ‘%"



11:45

11:88

12:00

14:00

Presentation of 10tk SCTC

Closing Remarks

Lunch ( 1 Hour 35 minutes )

Tour of Tsukuba Space Center
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SPACECRAFT DESIGN and FLIGHT STATUS of HAYABUSA - ASTEROID
EXPLORER PROPELLED by MICROWAVE DISCHARGE ION ENGINES

Hitoshi Kuninaka
ISAS/JAXA
Phone : 042-759-8287 FAX : 042-759-8462

E-mail : kuninaka@isas.jaxa.ip

At May 9th, 2003 the MUSES-C asteroid explorers was launched directly into the deep space by the M-V
rocket and named HAYABUSA, which means falcon in Japanese. It was just a moment that the
microwave discharge ion engines were space-borne after the 15-year research and development. The Ion
Engine System on HAYABUSA explorer was designed and assembled using four ion engines, of which
main feature is the plasma production by microwave without solid electrodes as life critical components.
The spacecraft onboard the ion engines was also designed and tested on the ground so as to adapt the high
velocity plasma beams. The HAYABUSA explorer aims to bring back surface material of an asteroid to
Earth. The vacuum exposure during two weeks after the launch and various kinds of test runs in a month
enabled the ion engines to accelerate HAYABUSA asteroid explorer continuously at a several meters per
second in a day from July 2003. In the first year HAYABUSA has stayed near Earth on the Iyear Earth
synchronous orbit, on which it has stored delta-V generated by the ion engines. On May 19, 2004
HAYABUSA passed by 3,000km above the Pacific Ocean and changed its orbit toward the asteroid. At
the end of November 2004 the total accumulated operational time exceeds 19,000 hour and unit with
propellant consumption 19kg and resultant delta V 1,200m/s. This paper will reports the flight status of
HAYABUSA spacecraft and spacecraft design and assemble methods for the microwave discharge ion

engines.



PULSE ACOUSTIC TECHNOLOGY for MEASUREMENT of CHARGE
DISTRIBUTION in DIELECTRIC MATERIALS for SPACECRAFT

Tatsuo Takada
Musashi Institute of Technology

Pulsed Electro-Acoustic (PEA) method for measuring the space charge distribution in dielectrics has
applied to the basic investigation of spacecraft charging studies. The PEA method was developed in the
electric power engineering field. People in a field of high voltage engineering at 1970’s had wanted to
observe an electric charge distribution in insulation layer of high voltage dc submarine cable because the
electrical breakdown of the dc cable was occurred by an electric field distortion caused by charge
accumulation in insulation layer. In 1980’s we started to developing some new technologies using
laser-pulse irradiation, nano-second acoustic pulse generation and elliptical polarized light modulation
etc., to observe the electric charge distribution in dielectric materials. Now theses technologies can be
applied to the engineering field such as a spacecraft charging, a high energy charge particle irradiation, a
photo-conduction materials of copy machine and an integrated electronic circuit board etc..

We have developed two methods for measuring the space charge distribution; one is Pulsed
Electro-Acoustic (PEA) method, and another is Pressure Wave Propagation (PWP) method. The PEA
method is widely used to measure the space charge distribution because of its simple operation and low
electrical noise etc.. We have used the PEA method to measure the space charge distribution in test
sample, such as bulk plastic materials of 1.0 to 10 mm in thickness, sheet polymeric materials of 50 to
500 mm in thickness and plate glass materials of 0.5 to 2.0 mm in thickness etc.. The dynamic electric
charge behavior under application of dc voltage could be observed for short interval of 10 ms to over 1
hour. Then we can observe the dynamic eclectic charge behavior in the insulating materials just before
electrical breakdown events.

In order to observe the space charge accumulation in dielectric materials under condition of space
environment, such as an electron beam irradiation (0.5 to 2.0 MeV), a proton beam irradiation (1.0 to 6.0
MeV) and a gamma ray irradiation (0.5 to 2.0 MeV), the PEA method was applied to the basic
investigation of spacecraft charging studies. In this report, I will present you about the typical

measurement results including new obtained data.



JAXA SPACE ENVIRONMENT MEASUREMENT
-OVERVIEW & PLAN-

Tateo Goka
Japan Aerospace Exploration Agency (JAXA)

E-mail : goka.tateo@jaxa.jp

In the inner magnetosphere, studies of the flux variability (short- and long-term) of radiation belt particles
are particularly important not only for improving our understanding of the relevant phenomena associated
with them, but also for engineering considerations viz. a viz. spacecraft anomalies due to space
environment effects (Electro-Static Discharge: ESD, and Single Event Upset: SEU). Therefore, ongoing
radiation measurements and monitoring by satellites is a requirement. For this purpose, we have carried
out TEDA (Technical Data Acquisition Equipment) and SEDA (Space Environment Data Acquisition
Equipment) mission in JAXA. The current status of radiation measurements using JAXA satellites is
reviewed. Also, electrostatic charge potential measured by Potential Monitors (POM)onboard 3
satellites (ETS-V for 10 years in GEO orbit, ETS-VI in GTO orbit, ADEOS in Polar LEO orbit) is
reviewed. I will report space environment measurement plan and spacecraft charging technology research

plan (in-situ measurement including POM onboard ETS-VIII in GEO orbit and simulation). »




SOLAR POWER SATELLITE and ELECTRICAL DISCHARGE

Mitsushige Oda
Japan Aerospace Exploration Agency (JAXA)
E-mail : mitsushige.oda@jaxa.jp

The space solar power satellite (SPS, SSPS) are being considered for many years as an alternative energy
source of future when the fossil fuel will lost its position as an economical and easy-to-get energy source.
There are several types of SSPS. The most popular type of SSPS is a system that collects solar energy in
space using the photovoltaic cells, and sends the collected energy to the ground by microwave.

In this system, electrical energy generated by the solar cells must be sent to the microwave transmitters
using some kind of electrical cables. In designing SPS, mass of this electrical cable can not be neglected
since total length of the power transmission cables between the photovoltaic cells and the power
transmission devices is long. If we want to reduce mass of the cables, we must use thin cables. However
this means loss by the resistance will be large and the loss will become heat. If we will use high voltage to
reduce the resistance loss, we have to face the electrical discharge. Therefore the electrical discharge

problem will have big impact on design of SSPS.



ATOMIC OXYGEN-INDUCED EROSION of SPACECRAFT MATERIALS
-POTENTIAL HAZARDS for SPACECRAFT SYSTEMS-

Masahito Tagawa
Kobe University
Phone : (078-803-6126 FAX : 078-803-6126

E-mail : tagawa@mech.kobe-u.ac.ijp

Space environment is complicated. Many environmental factors influence each other and, as a result,
it sometimes provides unexpected effect to spacecraft systems or materials. Charging/discharging
phenomena may cause serious problem to a high-voltage spacecraft system. Polymers are used for
electrical and thermal insulation in many satellites, and are one of the targeting materials for satellite
charging problems. On the other hand, polymers used for such purposes are often used in the
unpressurized area of the satellite and suffered atomic oxygen bombardment, which is a dominant
atmospheric component of the upper atmosphere of the Earth. It has been widely recognized that many
polymeric materials are eroded by atomic oxygen.

In-flight atomic oxygen exposure experiments have been faced not only contamination problems, but
also influenced by many other environmental factors such as ultraviolet, temperature, surface charging
and so on. These uncertain environmental parameters make the fundamental understanding of the
reaction of hyperthermal atomic oxygen with materials difficult. On the other hand, difficulty in
acceleration of the electrically neutral atomic oxygen up to the orbital velocity of spacecraft (7800 m/s =
5 eV) in the ground-based experimental facility has been limited an opportunity for laboratory
experiment. Only a laser-detonation atomic oxygen source, which is sometimes called "PSI-type source”
is capable for forming high-intensity, hyperthermal (5 eV) atomic oxygen beam. Total 7 space-related
organization, companies and universities in the world are now operating this type of atomic oxygen
source for space applications. However, we still do not have sufficient data to describe how materials
react when hyperthermal atomic oxygen hits the spacecraft surfaces at various conditions.

In this presentation, recent knowledge on atomic oxygen-induced erosion of spacecraft materials is
surveyed. Experimental results obtained by laser-detonation atomic oxygen beam sources in Kobe
University will be presented. The configuration of the experimental facility [1], basic properties of
atomic oxygen-induced erosion of polymers [2, 3], and a quantitative study in synergistic effect of atomic
oxygen with ultraviolet {4] are the major topics in this presentation. Research results reported by the US
or European groups will also be introduced. Potential effects of atomic oxygen-induced erosion of
materials to spacecraft charging problems will be mentioned.
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ARCING in LEO - DOES the WHOLE ARRAY DISCHARGE?

Dale Ferguson
NASA/MSFC
Phone : 256-544-8316 FAX : 256-544-8807

E-mail : dale.c.fergcuson@nasa.gov

Boris V. Vayner
OAI
Joel T. Galofaro, G. Barry Hillard
NASA/GRC

The conventional wisdom about solar array arcing in LEO is that only the parts of the solar array that are
swept over by the arc-generated plasma front are discharged in the initial arc. This limits the amount of
energy that can be discharged. Recent work done at the NASA Glenn Research Center has shown that
this idea is mistaken. In fact, the capacitance of the entire solar array may be discharged, which for large
arrays leads to very large and possibly debilitating arcs, even if no sustained arc occurs. We present the
laboratory work that conclusively demonstrates this fact by using a grounded plate that prevents the
arc-plasma front from reaching certain array strings. Finally, we discuss the dependence of arc strength
and arc pulse width on the capacitance that is discharged, and provide a physical mechanism for discharge

of the entire array, even when parts of the array are not accessible to the arc-plasma front. Mitigation

techniques are also presented.
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GROUND-BASED EXPERIMENT of ELECTRIC BREAKDOWN of SPACECRAFT
INSULATOR SURFACE in AMBIENT PLASMA ENVIRONMENT

Hirokazu Tahara, Takahisa Masuyama, Koji Horikawa
Graduate School of Engineering Science, Osaka University

Phone : 06-6850-6178 FAX : 06-6850-6179

E-mail : tahara@ me.es.osaka-u.ac.jp

In the future, LEO spacecraft will be larger and higher powered. Because of the balance of leakage
currents through ambient space plasma, their main conductive body will have a higher negative potential
without plasma contactor operation. When spacecraft operate with a higher voltage, more intensive
electric breakdown, i.e. arcing, is suspected to occur on the surface. In this study, ground-based
experiment was carried out to understand the arcing phenomenon and to examine influences of ambient
space plasma on the arcing process. Simulating plasmas were generated by electron cyclotron resonance
discharge. When arcing occurred on negatively-biased anodized aluminum sample plates or Kapton
films in the plasma environment, the time variations in arc current and bias voltage were measured. Arc
spot diameter was also measured. The experimental results showed that both the peak arc current and the
total charge emitted by arcing increased with initial charging voltage and neutral particle number
density. The diameter of arc spots increased with initial charging voltage although it was almost constant
regardless of neutral particle density. Accordingly, high voltage operation of LEO spacecraft might bring
drastic degradation of the insulators by arcing, depending on ambient plasma conditions, particularly with

high neutral particle density; that is, a high arc current is suspected to flow.

..........................................................................................................................................................



ARC PROPAGATION on SPACE POWER TRANSFER SYSTEMS:
A FIRST APPROACH STUDY

Leon Levy, Francoise Boulay, Virginie Viel-Ingimbert
ONERA
Phone : +33-5-62-25-2740
E-mail : Leon.Levy@onecert.fr

Emmanuel Amorim
CNES

Gerard Migliorero
ESA

Electric arcs observed between solar cells have been identified as the origin of power losses on orbit.
Such arcs have been identified as vacuum arcs and have been shown to produce severe damage with
functional destruction if the solar array provides sufficient current (1A) under sufficient voltage (20V) to
sustain it. In the work presented here, we deal with power transfer systems encountered in equipment like
SADM (Solar Array Drive Mechanism) involving many packaged circuits which are designed to carry
high current (>5A) under voltages higher than S0 volts. This study is an investigation of vacuum arc
propagation from one circuit to another. The experiments were performed on samples made with several
metallic tracks and up to three electrical circuits (6 tracks) were used at the same time. The experimental
set-up consisted in triggering a first arc between two adjacent tracks while biasing two, three or four more
tracks, and to monitor any kind of connection or propagation. The results obtained show that a vacuum
arc can propagate from one circuit to another: arcs triggered by propagation between tracks separated by
more than 10mm were seen. This propagation is due to the expansion of the arc plasma produced by the
first arc towards other tracks. From our experiments we have leamed that any kind of connections
between the electrical circuits are possible but a vacuum arc would more easily propagate by connecting
to one of the tracks where the first arc was triggered. Arc movement on one track has been also observed
along several centimetres. The damages produced by such arcs were heavy and destructive: complete
vaporization of anode tracks was observed. On cathode tracks, only partial melting and vaporization due

to cathode spots of vacuum arcs were seen.




HYPERVELOCITY IMPACT to SOLAR CELLS in a PLASMA ENVIRONMENT

Henry Brandhorst
Aubum University
Phone : 334-844-5894 FAX : 334-844-5900
E-mail : brandhh @ aubum.edu

As satellite power levels of advanced spacecraft climb above 20 - 50 kW, higher solar array operating
voltages become attractive. Even in today’s satellites, operating spacecraft buses at 100 V and above has
led to arcing, so the issue of spacecraft charging remains a design problem. In addition, micrometeoroid
impacts on all of these arrays may also lead to arcing if the spacecraft is at an elevated potential. For
example, tests on space station hardware disclosed arcing at 50V on anodized Al structures that were
struck with hypervelocity particles in Low Earth Orbit (LEO) plasmas. Thus an understanding of these
effects is necessary to design reliable high voltage solar arrays of the future.

Most solar arrays arc in a space plasma environment (sometimes catastrophically) at voltages below 200
to 300V. Thus there is an absence of reliable information on which to base high power satellite designs.
The effect of high velocity micrometeoroids on future high voltage arrays is one of the unknowns for
spacecraft design. Existing NASCAP-GEO models can provide guidance about solar cell string design,
encapsulation approaches and field control for the expected environment, but the effects of
micrometeoroid penetration in that environment are not included.

To assess these effects, contemporary GaAs modules and samples of the Stretched Lens Array (SLA)
modules were exposed to hypervelocity impact with 100 £ m diameter soda lime glass spheres at
velocities up to 12 km/sec. The two strings of GaAs cells were held at differential voltages above 60V at
absolute voltages near 200 V. A plasma environment typical of Geosynchronous Earth Orbit was also
present. The SLA was held at voltages up to 1000V. Several types of arcs were observed in the GaAs
strings. Peak bias voltages were limited by cover glass overhang, but in the case of the SLA no arcing

occurred.
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DEVELOPMENT of the SPACECRAFT PLASMA INTERACTION
GUIDELINES and HANDBOOK

David Rodgers
QinetiQ
Phone : +44-1252-394297 FAX : +44-1252-396330

E-mail : djrodgers@space.ginetiq.com

Alain Hilgers
ESA/ESTEC

Daniel Heynderickx, Jo Demol
BIRA

As part of ESA’s programme to develop European capabilities in the field of spacecraft plasma
interactions, a project is under way to develop a repository of useful information for spacecraft plasma
interactions. This is intended to provide an easily accessible source of the important design requirements
and guidelines relating to spacecraft charging and other spacecraft plasma interactions. In addition, it
collects together useful equations and tabular information from the literature. These are also presented as
figures as much as possible, to make their meaning clear. One goal is to show the ways in which
requirements can be satisfied for common circumstances. The document also directs readers to relevant
computational tools and laboratory facilities, so that more detailed investigations can be carried out.
Through this it aims to promote the use and sharing of resources in Europe.

The contents of the handbook include: general plasma parameters, spacecraft sheaths and wakes, tethers
and electric propulsion, surface charging, internal charging and solar array effects.

The Spacecraft Plasma Interaction Guidelines and Handbook will exist in two forms; a hardcopy text and
graphics version and an interactive electronic version. The content of both versions will be the same
except that the equations and figures of the text version will be able to be solved and dynamically

generated in the interactive version. The emphasis is the rapid calculation of simple formulae.
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ELECTROSTATIC DISCHARGES on a 1M2 SOLAR ARRAY COUPON - INFLUENCE
of the ENERGY STORED on COVERGLASS on FLASHOVER CURRENT

Emmanuel Amorim, Denis Payan,
CNES
Phone : +33-5-61-28-33-88 FAX : +33-5-61-28-21-62

E-mail : emmanuel.amorim@cnes.fr

Rene Reulet, Daniel Sarrail
ONERA

Satellites on a geostationary orbit interact with the space environment: while the satellite body is
negatively charged, dielectrics build up a differential charge. The differential voltage created is called
inverted voltage gradient situation and can trigger electrostatic discharges (ESD) on solar arrays that can
degenerate in some cases into destructive secondary arcs between adjacent cells. Since power losses have
been produced by such phenomena, realistic ground tests of ESD on solar arrays are a main concern. In
this paper we present experiments made on a large solar array coupon as part of a CNES study performed
at ONERA in order to set a European standard in ground tests (ECSS E20-06). This work is associated
with a Japanese study and aims to set the basis of an ISO standard for ESD and secondary arcs. The solar
array coupon is constituted by 19 strings of 16 silicon solar cells and its size is 592x1333 mm. During
experiments, the coupon was biased at 5000V and the inverted gradient potential situation was created
by secondary electron emission produced by an electron beam striking the solar array surface. Blow-off
and flashover currents were measured, and surface potential measurements were performed before and
after ESD. Influence of the external capacitance value used during experiments was also studied. The
results obtained show clear correlation between the discharge duration, the energy stored on cover glass
and the coupon size. Potential distribution measurements performed after ESD show partial neutralization
on a limited surface where the differential voltage between the cover glass surface and the coupon
decreased from +1000V to +150V. Neutralization all over the coupon was also observed for some

discharges.
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SECONDARY ARCS on SOLAR GENERATORS - EMAGS 2 TEST CAMPAIGN

Ludovic Gaillot
EADS-ASTRIUM
Phone : 0033 562199843 FAX : 0033562197657

E-mail : ludovic.gaillot@ astrium.eads.net

Marie-Laure Fille
ESA/ESTEC

Leon Levy, Daniel Sarrail
ONERA DESP

EMAGS 2 is the continued effort from ESA to better understand the Solar Array Triggered Arc

Phenomena and to define how the tests should be performed.

It has involved one industrial and one laboratory worldwide known for his expertise in solar array ESD

testing.

An extensive test campaign on solar array samples has been performed from June 2003 to June 2004.

The first objective of EMAGS 2 was to compare the characteristics of the secondary arcs obtained in an

electronic charging environment with those triggered in a plasma environment (inverted voltage gradient

conditions in both cases) in order to assess their equivalence or differences.

Indeed, a test in plasma (contrary to a test under electronic irradiation) allows to trigger more easily

primary and secondary discharges but is not automatically representative of an electron charging

environment.

Comparative tests have been performed on dummy samples (Cu) with similar test set-ups except for the

bias voltage of the coupon (-500/1000V in plasma instead of -5kV in electron), and so, for the capacitance

simulating the satellite one (3 different capacitances tested in plasma).

These tests allowed to define a set-up in plasma providing results representative of those obtained in

electron.

Considering these conclusions, the three next series of tests have been performed on solar array samples

in plasma.

- Comparison GaAs / Si: An important issue of this study was to assess the voltage / current
thresholds for secondary arc triggering according to the cell type (GaAs triple junction or Si).

- Variable gap study: The impact of the gap value on the ESD forming has been intensively studied
with several silicon samples with gap between adjacent cells varying from 0.5 mm, 0.9 mm, 2 mm.

- Cumulative effects: cumulative effects of repetitive primary and secondary (aborted) discharges have

been investigated on GaAs samples.
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LARGE SOLAR ARRAY in DENSE PLUME PLASMA : GROUND TEST

Boris Vayner
Ohio Aerospace Institute
Phone : 1-216-433-8058  FAX : 1-216-433-6106

E-mail : vayner@ grc.nasa.gov

Joel Galofaro, Grover Hillard
NASA Glenn

Dale Ferguson
NASA Marshall

Large solar array (2m x 4 m) was tested in arc jet plume plasma environment. Test was conducted in
voluminous vacuum chamber (12 m diameter and 19 m height) that prevented the back reaction of
chamber walls on plasma distribution. Vacuum equipment (ten diffusion pumps) provided background
pressure about 1 &#956;Torr. Plume plasma diagnostics was performed by using spherical and cylindrical
Lamgmuir probes, emissive probes, and Faraday cup. Optical spectra of hot plasma near the nozzle were
measured and analyzed. Contamination of solar array surfaces was determined by employing two QCM
probes. Chemical composition of plasma was monitored by quadrupole mass spectrometer. Current
collections and arc thresholds were measured by biasing array with an external power supply. Acquired
data were used to make important conclusions conceming the influence of plume plasma on solar array

operation.

.........................................................................................................................................................
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NASA GRC and MSFC SPACE-PLASMA ARC TESTING PROCEDURES

Dale Ferguson, Jason Vaughn, Todd Schneider
NASA Marshall
Phone : 256-544-8316 FAX : 256-544-8807

E-mail : dale.c.ferguson@nasa.gov

Boris V. Vayner
Ohio Aerospace Institute

Joel T. Galofaro, G. Barry Hillard
NASA GRC

Tests of arcing and current collection in simulated space plasma conditions have been performed at the
NASA Glenn Research Center (GRC) in Cleveland, Ohio, for over 30 years and at the Marshall Space
flight Center (MSFC) for almost as long. During this period, proper test conditions for accurate and
meaningful space simulation have been worked out, comparisons with actual space performance in space
flight tests and with real operational satellites have been made, and NASA has a(;hieved our own internal
standards for test protocols. It is the purpose of this paper to communicate the test conditions, test
procedures, and types of analysis used at NASA GRC and MSFC to the space environmental testing
community at large, to help with intemnational space-plasma arcing testing standardization. To be
discussed are:

1. Neutral pressures, neutral gases, and vacuum chamber sizes.

2. Electron and ion densities, plasma uniformity, sample sizes, and Debye lengths.

3. Biasing samples versus self-generated voltages. Floating samples versus grounded.

4. Power supplies and current limits. Isolation of samples from power supplies during arcs. Arc circuits.
Capacitance during biased arc-threshold tests. Capacitance during sustained arcing and damage tests. Arc
detection. Preventing sustained discharges during testing.

5. Real array or structure samples versus idealized samples.

6. Validity of LEO tests for GEO samples.

7. Extracting arc threshold information from arc rate versus voltage tests.

8. Snapover and current collection at positive sample bias. Glows at positive bias. Kapton
pyrolization.

9. Trigger arc thresholds. Sustained arc thresholds. Paschen discharge during sustained arcing.

10. Testing for Paschen discharge thresholds. Testing for dielectric breakdown thresholds. Testing for
tether arcing.

11. Testing in very dense plasmas (ie thruster plumes).

12. Arc mitigation strategies. Charging mitigation strategies. Models.

13. Analysis of test results.

Finally, the necessity of testing will be emphasized, not to the exclusion of modeling, but as part of a
29




complete strategy for determining when and if arcs will occur, and preventing them from occurring in

space.




PLASMA ESD QUALIFICATION TEST PROCEDURE of
ALCATEL SPACE SOLAR ARRAY

Claude Berthou
ALCATEL SPACE
E-mail : claude.berthou@ space.alcatel .fr

Plasma ESD qualification test procedure of Alcatel Space Solar Array. The detrimental effects of
spacecraft charging are well known, particularly when the charging leads to arcing on solar array and
consequently to permanent power loss. Motivated by these concerns, Alcatel Space has undertaken
several test campaigns to qualify solar array design and to investigate margins.

This paper describes the state-of-the-art of Alcatel Space solar array ESD laboratory test set-up and
procedure. Primary discharges are created using a plasma source and a negative polarisation of the sample
rear side. The required power to feed the arc can be delivered by a Solar Array Simulator with low

capacitance power sources. The test sample is fully representative of a flight model.

31




JAPANESE PRACTICES of SOLAR ARRAY ESD GROUND TESTS

Mengu Cho
Kyushu Institute of Technology

Phone : 81-93-884-3228

E-mail : cho@ele.kyutech.ac.ip

Tateo Goka
JAXA

As the power level of Geostationary satellites increases, there is more demand of careful ground test on
solar array insulation strength. International atmosphere surrounding commercial telecommunication
satellites calls for common international standard on test conditions.

In this paper, we review ESD tests of solar array carried out in recent years at Kyushu Institute of
Technology jointly with the Japan Aerospace Exploration A gency. The purpose of this paper is to describe
the test conditions with the reasons of selecting those conditions and how we certified the insulation

strength of given solar array designs against electrostatic discharges in orbit. The paper is aimed to

stimulate discussion among experts on the issue of international standardization of solar array ESD test.



TOWARDS a NEW SURFACE and INTERNAL CHARGING
DESIGN GUIDELINE for the 21st CENTURY

Henry Garrett and A. C. Whittlesey
The Jet Propulsion Laboratory
The California Institute of Technology
4800 Oak Grove Dr. Pasadena, CA 91109 USA
Phone : 818-354-2644 FAX : 818-393-4699
E-mail : Henry.Garrett@jpl.nasa.gov.”Albert.C. Whittlesey @jpl.nasa.gov

In 2003, Dr. A. R. Frederickson initiated a program to recast and combine the primary guides for
mitigating the effects of spacecraft charging. That effort had the ambitious goal of taking the existing
NASA guidelines for preventing surface electrostatic charging, NASA-TP-2361 (Purvis et al., 1984), and
internal electrostatic charging, NASA-HDBK 4002 (Whittlesey, 1998), and bringing them up to date with
recent laboratory and on-orbit findings. With the death of Dr. Frederickson in 2004, that study devolved
to the principle authors to complete. This paper will describe the status of those on-going efforts to
combine and update the two guidelines with emphasis on the proposed contents and on the differences
and similarities between surface and internal charging mitigation techniques. It is planned to have a draft
revision ready for review by the spacecraft charging community by the fall of 2005, with 2006 dedicated
to implementing reviewers' comments and additions leading to a new, officially approved NASA

guideline by the fall of 2006.




SOLAR ARRAY TEST SET-UP PROPOSED in the FRAME of
EUROPEAN STANDARDIZATION.

Denis Payan and Denis Schwander
CNES
Phone : 00 33 561 273 554 FAX : 00 33 561 282 162
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18, AVENUE EDOUARD BELIN
31401 TOULOUSE Cedex 9 FRANCE

E-mail : denis.payan @cnes.fr

The validation of new solar cell for geostationary satellite application sets the problem of arcing between
solar cells triggered by electrostatic discharges (ESD). The main difficulty of this test is to properly
simulate the transient functioning of one string during the first microsecond of an electrostatic discharge
and to take into account all the energy stored on a panel. The CNES Solar Simulator with all the physical
data we need to take into account to properly simulate de functioning of the string is presented in this
paper.

Since the power losses on the Tempo and Panamsat satellites attributed to electrostatic discharges in
1997 (15% of the power in three months), the international scientific community has looked into the
problem of sustain arc on solar array.

It was therefore necessary to draw up a discharge theory, with a sequencing of events, by taking into
account the energy available at the moment of discharge on the satellite (presented at the 7™ SCTC)- as
on this energy depends the amplitude of the primary discharge, and therefore the associated thermal effect,
which totally conditions the arc.

On the other hand, manufacturers, now encountering problems of electrostatic nature on satellites (section
losses on high voltage solar arrays), present the problem in terms of efficient solutions. Manufacturers
and laboratorjes still test solar array samples with their own assembly configurations which, for a single
sample, can either be disastrous or have not the slightest effect. Indeed, depending on whether the energy
developed in the primary discharge comes from a capacitance of 100pF or one of 1pF, the result as
regards the direct effects of the primary discharge and the sustained arc risk will be completely different.
To test solar array samples a priori in the confinement of an enclosed vacuum, it is necessary to define a
laboratory test set-up, which represents what the solar array comes across in the geostationary orbit. To
finalise this test set-up, we had to know the error made when using a 4 cells sample instead of a real large
solar array in terms primary discharge representativity, available energy stored, and electrical response

of the simulating circuit.
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WHY DO SPACECRAFTS CHARGE in SUNLIGHT?
DIFFERENTIAL CHARGING and SURFACE CONDITION

Shu T. Lai
Air Force Research Laboratory/VSBXT, 29 Randolph Road, Hanscom AFB., MA 01731, USA
Phone : 781-377-2932

E-mail : Shu.Lai@hanscom.af.mil

Maurice Tautz

Atmospheric and Environmental Research, Inc.

Why do spacecrafts charge in sunlight? The first reason concems differential charging between the sunlit
and dark sides. A monopole-dipole model describing the differential charging potential distribution yields
interesting theoretical results. We compare the results with observations. The second reason concems
reflectance. Much attention has been paid in recent years to the effect of surface conditions on secondary
emission, which plays an essential role in spacecraft charging. In comparison, little or no attention has
been paid to the effect of surface condition on photoemission, which plays a dominating role in spacecraft
charging. We present theoretical reasoning why highly reflective mirrors generate substantially reduced
photoemission. We have calculated, by using the Langmuir orbit-limited current balance equation in 1-D,
2-D, and 3-D, the different surface potentials of various surface materials under typical space plasma
conditions, satellite surface reflectivity values, and sunlight incidence angles. We present numerical
results confirming that with substantially reduced photoemission, highly reflective surfaces would often

charge to high negative potentials in sunlight.
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RADIATION and INTERNAL CHARGING ENVIRONMENTS for THIN
DIELECTRICS in INTERPLANETARY SPACE

Joseph Minow
NASA/Marshall Space Flight Center
Phone : 1-256-544-2850 FAX : 1-256-544-0242

E-mail : Joseph.I.Minow@nasa.gov

Linda Neergaard Parker, Richard L. Altstatt
Jacobs Sverdrup/MSFC Group

Spacecraft designs using solar sails for propulsion or thin membranes to shade instruments from the sun
to achieve cryogenic operating temperatures are being considered for a number of missions in the next
decades. A common feature of these designs are thin dielectric materials that will be exposed to the solar
wind, solar energetic particle events, and the distant magnetotail plasma environments encountered by
spacecraft in orbit about the Earth-Sun L2 point. This paper will discuss the relevant radiation and
internal charging environments developed to support spacecraft design for both total dose radiation
effects as well as dose rate dependent phenomenon, such as internal charging in the solar wind and distant
magnetotail environments. We will describe the development of radiation and internal charging
environment models based on nearly a complete solar cycle of Ulysses solar wind plasma measurements
over a complete range of heliocentric latitudes and the early years of the Geotail mission where distant
magnetotail plasma environments were sampled beyond XGSE = -100 Re to nearly L2 (XGSE ~ -236
Re). Example applications of the environment models are shown to demonstrate the radiation and
internal charging environments of thin materials exposed to the interplanetary space plasma

environments.
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SPACECRAFT PLASMA INTERACTION SOFTWARE (SPIS):
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The development of a new software for spacecraft plasma interactions modeling was started in Europe at
the end of 2002. This Spacecraft Plasma Interaction Software (SPIS) is developed for and by SPINE
community (Spacecraft Plasma Interaction Network in Europe) on an open source basis. The ESA
contractors, ONERA and Artenum, are in charge of the development of SPIS framework and main
numerical modules. In the framework of this collaborative development, SPINE community has several
roles. It first expressed its requirements. It is now testing and validating the code on challenging test cases,
and is starting to develop extra modules.

The software framework is based on the integration or interfacing with available open source tools for
CAD, 2D meshing, 3D meshing, GUI, post-processing and graphical display. The numerical routines
allow the modeling of the plasma dynamics (kinetic or fluid, electrostatic with possible extension to
electromagnetic) and it’s coupling with the spacecraft (equivalent circuit approach). The modeling of all
types of environments and devices is (LEO/GEO/PEO..., EP/solar arrays...). The emphasis was put on
the modularity of the code to allow the interoperability of the modules, through an object-oriented (OO)
approach throughout the code (Java language, Jython script language).

Requirements and design of SPIS code were defined during the first semester of 2003. The first version of
the code was released in Spring 2004, and extended versions later in 2004 and 2005. This paper will
mostly focus on the numerical core of the solvers and their OO architecture, and will address the
following major topics.

Non-linear Poisson equation is solved following an implicit Newton-type method on an unstructured
mesh (finite elements). The spacecraft circuit solver automatically generates equivalent components for
local coating modeling, and allows the definition of extra device between electric super-nodes (a group of
elements, e.g. at solar array level). All material interactions are taken into account following state of the
art models, and the code flexibility will allow their improvement following parallel experimental
activities. Extra capabilities will be described such as particle transport models, particle sources, etc. The

OO architecture of the solvers will eventually be described. It is a key factor for the modularity of such an
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open code.
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In the frame of the SPIS project (see http://www.spis.org), an advanced, customizable and flexible User

Interface, SPIS-UI, has been developed. The main requirements of SPIS-UI were, first, to offer to the
users an interface the most generic and adaptable possible, able to link all components of the complete
modeling chain from the pre to the post-processing phase. In second, SPIS-UI should present many levels
of access and control of the simulation kemnel, SPIS-NUM, and data, from an advanced GUI to a direct
manipulation of objects via a script language (Jython) or the possibility of dynamically modify source
codes. One difficulty was to integrate in a structured manner a large set of very heterogeneous
pre-existing tools (CAD tools, meshers, data importers...) and simplify the most possible the definition of
initial and boundary conditions for the simulation kemel. To handle this objective, SPIS-UI was designed
around a generic Task Manager that coordinates the various actions to be done. Each component and tool
1s wrapped into generic tasks, dynamically pluggable into the framework. Open Source and fully written
in Jython and Java in an Object Oriented Approach, SPIS-UI accepts external components written in a
large set of interpreted and native languages (Python, Java, C/C++, FORTRAN - . The consistency of
shared data (CAD, mesh, properties * is maintained along the modelling chain through a generic
Common Data Bus. The framework is completed by various extensible post-processing modules and
customizable 2D/3D visualization pipelines based on the VTK technology.

This approach has already allowed the possibility to adapt the framework to a very large number of
configurations depending on the specific needs of each system to model, users' needs or other models, as
the kemnel of the PicUp3D code. Also, this approach allows cross-validation of various simulation codes

and open the perspective of future extensions with multi-physic and multi-models elements.
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