
 
 
 
 
 
 
 
 
 
 
 
 

Electrostatic Return of Contam inants 
 

By:  Donna Hard a g e 
N ASA’s Spac e Environm ents and  Effe cts Progra m  

 
Conta m ina nts g e nerate d  b y a spac e cra ft c an return to a spac e cra ft via a 
m echa nism  known as ele ctrostatic return (ESR).  ESR ca n occur when spac e cra ft 
g e nerate d  conta m ina nts b e c om e ionize d  b y solar UV or solar ele ctrons a nd  a re 
returne d  to the spac e cra ft d ue to the spac e cra ft potential.  The return of ionize d  
conta m ina nt m ole cules to charg e d  spac e cra ft surfa c es is very im portant at all 
altitud es.  It is especially im portant at g eosynchronous and  interpla netary 
environm ents since it m ay b e the only m e cha nism  b y which conta m ina nts c an 
d e gra d e  with applic ation to all altitud es a nd  spac e cra ft g e om etries.   
    
The ESR tool is a first g e neration com putational cod e cre ate d  for the purpose of 
com puting  the return chara cteristics of spac e cra ft g e nerate d  conta m ina nts, which 
return to the spac e cra ft via the ele ctrostatic return m e cha nism .  The ESR cod e 
d oes not com pute the spac e cra ft charg ing  - this task is le ft to pre-existing  cod es.  
The ESR cod e d oes com pute the Deb ye she ath (if ne c essary), the returne d  
conta m ina nt m ass rate, returne d  m ass flux, returne d  m ass ratio, return velocity, 
and  surfa c e sputter (where applic a b le ).  To help the user, d e fa ult values have 
b e e n supplie d  for all prog ra m  inputs.  However, the user is encoura g e d  to 
supply the prog ra m  with appropriate inputs which ac curately re fle ct the specific 
spac e cra ft and  environm ental cond itions b e ing  m od ele d . 
 
The  m od el has applic ation to larg e solar sails, therm a l control surfa c es, and  solar 
array surfa c es.  It has the c apa b ility to a d d ress sputtering  of spac e cra ft surfa c es 
b y return of the ionize d  conta m ina nts.  Any charg e c a n b e applie d  to a surfa c e 
with the  m od el as input to analyzing  ionize d  conta m ina nt return.   
 
This e ffort was perform e d  b y ROR Enterprises and  Applie d  Scienc e Technolog ies 
with fund ing  from  N ASA’s Living  W ith a Star / Spa c e Environm ent Testb e d  
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Prog ra m .  Contact inform ation and  m od el d istrib ution inform ation c an b e  found  
at http://see.m sfc.nasa.gov. 
 
 
 

Displacem ent Dam ag e Effects in        
Solar Cells 

 
By:  Donna Hard a g e 

N ASA’s Spac e Environm ents and  Effe cts Progra m  
 

 
The Unite d  States N aval Rese arch La b oratory (N RL), in colla b oration with the 
Ohio Aerospac e Institute (OAI) and  N ASA Glenn Rese arch Center (GRC), have 
exe cute d  a one ye ar prog ra m  to d evelop an im prove d  spac e solar cell ra d iation 
response ana lysis capa b ility a nd  to prod uce a com puter m od eling  tool which 
im ple m e nts the ana lysis.  This was ac com plishe d , in part, throug h a nalysis 
(m ining ) of solar cell flig ht d ata taken on the Micro-electronics and  Photonics 
Test Be d  (MPTB) experim ent.  This e ffort was fund e d  b y N ASA’s Living  with a 
Star Spac e Environm ent Testb e d  a nd  is responsive to the g oal “to infuse the 
pre d ictive c apa b ility a nd  technolog y valid ation results in spac e… to g overnm ent 
and  ind ustry users… for spac e cra ft d esig n a nd  operations”.  This e ffort 
specific ally a d d resses issues relate d  to rapid  technolog ic al cha ng e  in the are a of 
solar cells for spa c e applic ations in ord er to enha nc e syste m perform a nc e, 
d e cre ase risk a nd  re d uce cost for future missions. 
 
In this e ffort, d ata of the photo-g e nerate d  current from  the MPTB solar array that 
has b e e n tele m etere d  to the ground  from  the spac e cra ft were analyze d .  The 
concept of d ispla c em e nt d a m a g e  d ose (Dd ) has b e e n use d , e mploying  the 
m ethod olog y d evelope d  at N RL, to chara cterize the ra d iation-ind uc e d  
d e gra d a tion to the solar array output, and  the com puter cod e Solar Array 
Verific ation a nd  Analysis Tool (SAVAN T), b e ing  d e velope d  b y OAI und er 
contract to GRC, has b e e n use d  to pre d ict the solar array output.  The ultim ate 
g oal of this work was to valid ate the SAVAN T cod e a g a inst the m e asure d  spac e 
d ata, and  to d evelop SAVAN T into a user-friend ly exe cuta b le prog ra m  that can 
b e  wid ely d istrib ute d . 
 
Contact inform ation and  m od el d istrib ution inform ation (when availa b le ) c an b e  
found  at http://see.m sfc.nasa.gov. 
 



 
 
 

Electric Propulsion Interactions Cod e 
(EPIC) 
 

By:  Jod y Minor 
N ASA’s Spac e Environm ents and  Effe cts (SEE) Prog ra m  

 
The Electric Propulsion Intera ctions Cod e (EPIC) is an intera ctive com puter 
toolset that can b e use d  to evaluate the various intera ctions of ele ctric thruster 
plum es a nd  a spac e cra ft.  This work is b e ing  perform e d  b y Scienc e Applications 
Internationa l Corporation (SAIC) und er contract to N ASA’s SEE Prog ra m .  The 
cod e is b uilt on the Mod ule Inte grator and  Rule-b a se d  Intellig e nt Analytic 
Data b ase (MIRIAD) architecture a nd  ena b les e asy 3-D spac e cra ft g eom etry 
d e finition.  The cod e has also rec ently b e e n enha nc e d  to excha ng e  results with 
the NASA/Air Force Spac e cra ft Charg ing  Ana lyzer Prog ra m  (N ASCAP-2K) cod e, 
incre asing  its use fulness. 
 
Many of tod ay’s satellites use ele ctric propulsion (EP) for station-ke eping  d uties 
and  new d esig ns are consid ering  EP as the m a in propulsion syste m.  However, 
the intera ctions of hig h-energ y ele ctric plum es and  the spac e cra ft structure and  
its on-b oard  syste ms are still not fully und erstood .  As new EP d esig ns are 
d evelope d  a nd  m ore is d e m a nd e d  for ne ar-Earth a nd  d e ep spac e applic ations, 
the d etrim ental e ffe cts of these intera ctions m ay a ffe ct specific com ponents, 
scienc e m e asure m e nts and  m ission lifetim es.  Und ersta nd ing  how electric 
plum es intera ct with spac e cra ft syste ms is one of the keys to m ission success.   
 
The m a in com ponents of EPIC are the O b je ct Toolkit (OTk), 1-D Hall Effect 
Thruster (HET) Alg orithm , the 2-D Plum e Tool and  the 3-D Intera ctions Cod e.  
The OTk, orig inally d evelope d  for use in N ASCAP-2K, has b e e n g e neralize d  and  
m ay now b e use d  not only in EPIC b ut is also b e ing  consid ere d  for use in other 
SEE Prog ra m  m od el d evelopm ent.  OTk is use d  to d evelop the 3-D spac e cra ft 
g e om etry a nd  specify m ateria l properties.  For EPIC, OTk contains a new fe ature  
(‘Special O b je cts’) to fa cilitate the specific ation of thrusters.  The 1-D HET 
Alg orithm  provid es exit cond itions at the end  of the a c c eleration cha nnel.  The    
2-D Plum e Tool is use d  to prod uce the plum e from  the ele ctric thruster and  the    
3-D Intera ctions Tool incorporates the plum e  m od el and  spac e cra ft g e om etry 
into an intera ctive d isplay for the investig ation of m aterial-specific intera ctions, 
tim e d epend e nc e, 3-D e ffe cts, etc., all within a unifie d  environm ent.  Results m ay 



b e  viewed  from  all a ng les.  Using  the SOAP (Sim ple O b je ct Access Protocol) 
protocol, EPIC is a b le to com m unic ate with NASCAP-2K and  has the potential to 
com m unic ate with other spac e cra ft charg ing  a na lysis applic ations as well. 
 
Version 1.0 is sche d ule d  for rele ase in the spring  of 2004.  To obtain EPIC (US 
citizens only) or for m ore inform ation, ple ase visit the SEE web site at 
http://see.m sfc.nasa.gov. 
 
 
 
8th Spa cecra ft Charging  
Technology Conference Recap 

 
The SEE Prog ra m  would  like to thank all those  
who attend e d  the 8th Spac e cra ft Charg ing   
Technolog y Conferenc e (SCTC) in Octob er 2003.   
The conference was an overwhelm ing  success.  W e 
have rec eive d  num erous com plim ents re g ard ing   
our perform a nc e as host as well as toward s the overall qua lity of the conferenc e.  
W e thank you for your support and  the opportunity to b e involve d . 
 
W e have spent the last thre e m onths preparing  the papers for pub lic ation on the 
Proce e d ing s CD.  This pa cka g e  has just b e e n sent to the pub lic ations te am  and  
we hope to d istrib ute the Proce e d ing s to all attend e es within the next few 
m onths.  In a d d ition to the technic al papers, we have includ e d  the group 
photog raph and  silhouette, m any pictures of the  m ore lig ht-he arte d  m om ents of 
the conferenc e and  the presentation re g ard ing  the next conferenc e in the series. 
 
W e hope to b e a part of JAXA’s 9th SCTC in Tsukub a, Japan in April 4-8, 2005.  As 
m ore of their conferenc e inform ation is rele ase d , we’ll pass this inform ation to 
our spac e cra ft charg ing  com m unity.  More inform ation m ay b e ob taine d  b y 
contacting  Dr. Tateo Goka at g oka.tateo@jaxa.jp. 
 
 
 
 
 

 



Publications: 
The following LWS/SET pub lications are linked  to 
the SEE Program ’s web site… 
 
Characterization of Magnetospheric Spacecraft Charging Environm ents Using 
the LAN L Ma gnetospheric Plasm a Analyzer Data Set  
V.A. Davis, M.J. Mand ell, and  M.F. Thom sen 
 

Electrostatic Return of Contam inants 
R. Rantanen,  and  T. Gord on 
 

Mod eling Charge Collection in Detector Arrays 
J. Pickel 
 

TID Effects of High-Z Material Spot Shield s on FPGA Using MPTB Data 
S.H. Crain, J.E. Mazur, J.E. and  M.D. Looper 
 
The following pub lications are currently in work 
and  will b e availab le soon… 
 
Displacem ent Dam ag e Effects in Solar Cells 
 
Mining Dam ag e Data from  the Microelectronics and  Photonics Testb ed   

(MPTB) Space Experim ent 
 

Solar Variab ility and  the Ne ar-Earth Environm ent – Mining Enhanced  Low  
Dose Rate Sensitivity (ELDRS) Data From  the Microelectronics and  
Photonics Testb ed  (MPTB) Space Experim ent 
 

Analysis of CRRES PHBA Data for Low-Energy Deposition Events 
 
Mining CRRES IDM Pulse Data and  CRRES Environm ental Data to Im prove  

Spacecraft Charging /Discharging Mod els and Guid elines 
 
 
 

  



N O TE:  Starting  with this issue, pub lic ation of the SEE 
Bulletin will occur only in electronic form at.  To b e 
a d d e d /re m ove d  from  the d istrib ution list, ple ase conta ct 
Gayle Brown at gayle.brown@msfc.nasa.gov. 

 
 
 
 

 
 
 

Surveying and  Exam ination of Erod ed Returned  Surfaces (SEERS) 
Project Workshop 
Huntsville, Ala b a m a /M arch or April 2004 (announcem e nt will soon b e rele ase d ) 

 
N ational Space and  Missile Materials Sym posium  
Se attle, W ashing ton/June 21-25, 2004 

 
IEEE Nuclear and  Space Rad iation Effects Conference (N SREC) 
Atlanta, Georg ia/July 19-23, 2004 

 
 
 
 Contact Information 
 Program officials may be contacted as follows: 
 

 Billy Kauffman 256-544-1418 
 billy.kauffman@nasa.gov 
 
 Jody Minor  256-544-4041 
 jody.minor@nasa.gov 
 
 Donna Hardage 256-544-2342 
 donna.hardage@nasa.gov 
 
  
 

For distribution problems or questions: 
 gayle.brown@msfc.nasa.gov 
 
 
 

Upcoming events 



In the Next 
Issue… 

Results from  the Satellite Contam ination and  
Materials Outgassing Datab ase Survey… 
 
SEERS Workshop Inform ation… 
 
Inform ation on the SEE Program ’s Move to the New 
Exploration System s Enterprise (Cod e T)…What 
Does This Mean? 
 

 


