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INTRODUCTION 

The NASA Charging Analyzer Program (NASCAP ) represents the  s t a t e  o f  
t h e  a r t  i n  t h e  computation o f  spacecraf t  charge up i n  t h e  energet ic  plasma 
environment o f  geosynchronous o r b i t s .  The problem o f  determining the  chargeup 
p o t e n t i a l s  o f  var ious p a r t s  o f  a r e a l  spacecraf t  i n  o r b i t  i s  extremely 
complex, and the achievement o f  p r a c t i c a l  and useable r e s u l t s  invo lves  many 
t radeof fs  between t h e  accuracy and sel f -consis tency o f  t h e  equat ions solved 
and the manpower and computer costs. The work discussed i n  t h i s  paper 
represents t h e  f i r s t  use o f  NASCAP by an i n d u s t r i a l  user and i s  a p a r t  o f  an 
e f f o r t  t o  e l im ina te  t h e  hazaras o f  spacecraf t  charg ing t o  a s a t e l l i t e  i n  
geosynchronous o r b i t .  

S a t e l l i t e  Modelina 

Tne modeling o f  a geomet r ica l l y  complex spacecraf t  f o r  t he  purpose of 
ambient plasma charging analyses was d i c t a t e d  by tne  c a p a b i l i t i e s  o f  the  
NASCAP computer program. The geometr ical  l i m i t a t i o n s  i n  d e f i n i n g  t h e  
spacecraf t  f o r  IIASCAP are 

o The spacecraf t  must be de f ined i n  terms o f  a l i m i t e d  number o f  
b u i l d i n g  blocks. These are snown i n  F igu re  1. I n  a d d i t i o n  t o  t h e  
s i x  b u i l d i n g  b locks shown, t h i n  p la tes ,  such as were used t o  
represent  t h e  so la r  a r ray  paddles, are inc luded i n  t h e  repe r to ry .  

o The b u i l d i n g  b locks must l i n e  up w i t h  t h e  orthogonal coord ina te  
system. The so la r  array paddles cou ld  n o t  be t i l t e d ,  f o r  example. 
T h i s  i s  t he  reason f o r  t he  r i g h t  angle bend i n  t h e  paddles. 

o The t o t a l  spacecraf t  i s  l i m i t e d  t o  less  than 1200 sur face c e l l s .  
o  The spacecraft  must f i t  i n t o  a volume o f  17 x 17 x 33 u n i t  c e l l  

dimensions. 

Once t h e  spacecraf t  i s  def ined geometr ica l ly ,  NASCAP provides drawings 
whereby the  d e f i n i t i o n  may be va l i da ted  v i s u a l l y .  F igu re  2 i s  a view showing 
tne  b u i l d i n g  block representa t ion  used f o r  t h e  s a t e l l i t e .  F igu re  3 shows t h e  
i n d i v i d u a l  surface c e l l s  ou t l ined.  Each c e l l  ( t h e r e  are a t o t a l  of 810) 
cnarac ter ized by i t s  m a t e r i a l  i s  considered t o  be an e q u i p o t e n t i a l  surface. 
The u n i t  c e l l  dimension was assumed t o  be a 1 f o o t  square making the  o v e r a l l  
aimensions somewhat comparable t o  t h e  ac tua l  spacecraft .  

P later ia ls  Parameters Used i n  the  Charging Analyses 

The ma te r ia l  p rope r t i es  such as r e s i s t i v i t y ,  photoemission, secondary 
emission, and backscat ter  c o e f f i c i e n t s  have a major impact on the  charging 
c n a r a c t e r i s t i c s  and d i f f e r e n t i a l  p o t e n t i a l s  obta ined when a spacecraft  i s  
exposea t o  t h e  SuDStorm environment. NASCAP has, w i t h i n  i t s  f i l e s ,  14 t y p i c a l  
spacecraf t  mater ia ls  charac ter ized i n  terms of 13 parameters as shown i n  
Table 1. 



Tne 13 parameters o r  p rope r t i es  are i d e n t i f i e d  i n  Table 2 .  For  t h e  
s a t e l l i t e  under study, e i g h t  o f  these were taken w i thout  change and a  few 
p rope r t i es  such as th ickness and conduc t i v i t y  were changed t o  values which 
were more appropriate. These e i g h t  ma te r i a l s  a re  l i s t e d  i n  Table 3  w i t h  
re ference t o  the  NASCAP mate r ia l  selected t o  represent  it. Also  shown are the  
cnanges maae i n  t h e  th ickness and c o n d u c t i v i t y  values o f  Table 1. The data  i n  
Tables 1 and 2 were taKen from Reference 1. 

NASCAP provides drawings whereDy t h e  s p e c i f i c a t i o n s  o f  m a t e r i a l s  may be 
c h e c ~ e d  as t o  the  l oca t i ons  on the  spacecraft. F igu re  3, as an example, shows 
the  bottom view o f  t h e  s a t e l l i t e  model w i t h  the  ma te r ia l s  i d e n t i f i e d  f o r  each 
surf  ace c e l l .  

NASCAP C hara ina Anal vses 

The spacecra f t  charg ing analyses performed by NASCAP are  complex and 
r e q u i r e  a  very l a rge  computer and sopn is t i ca ted  programming. Even w i t h  t h e  
a v a i l a b i l i t y  o f  a  l a r g e  computer, t h e  computations are t ime  consuming and 
l i m i t s ,  t o  1200 sur face c e l l s ,  f o r  example, are requ i rea  so t h a t  computation 
cos ts  do n o t  become excessive. Add i t i ona l l y ,  t h e  type o f  computations 
performed are s i m p l i f i e d  t o  the l e v e l  where Laplace 's  equations, r a t h e r  than 
Poissons'  equat ions are solved. That i s ,  a  p a r t i c l e  charge i n  a  g iven volume 
i n  space i s  assumed t o  no t  a f f e c t  t h e  p o t e n t i a l  a t  t h a t  loca t ion .  A l l  
p o t e n t i a l s  i n  space are  the re fo re  def ined by  sur face p o t e n t i a l s  only .  

F igu re  5 shows an overview o f  what NASCAP does. Once t h e  spacecraft  and 
i t s  environment a re  defined, cu r ren ts  t o  each sur face c e l l  from t h e  
environment are def ined i f  i t s  p o t e n t i a l  i s  known: 

'external ('I -'electron + 'ions + Iphoto + 'secondaries + 'backscatter 

The i n t e r n a l  cu r ren ts  f l o w i n g  w i t h i n  the spacecraf t  are a l s o  de f ined i f  a l l  o f  
the  surface p o t e n t i a l s  are known: 

Vi = surface potential 

= structure potential 
(structure assumed 
to  be conducting) 

I n  t h i s  case t h e  cu r ren ts  a re  func t ions  o f  t h e  d i f f e r e n c e  between sur face and 
s t r u c t u r e  p o t e n t i a l .  A  cons is ten t  so lu t i on  i s  obtained when the  sum o f  - a l l  of 
t h e  cu r ren ts  f l o w i n g  t o  s t r u c t u r e  i s  zero: 



Since a l l  812 surface c e l l s  are involvea i n  t h i s  summation, an enormous number 
o f  computations are performed i n  each i t e r a t i o n .  

As shown i n  the  lower r ight-nand box i n  F igu re  5, a  Laplace 's  equat ion 
s o l u t i o n  i s  obtained f o r  each i t e r a t i o n  o f  a s e t  o f  sur face p o t e n t i a l s .  Th is  
i n  i t s e l f  i s  a very complicated ( a c t u a l l y  the  most complex p a r t )  computation 
s ince so many surface c e l l s  and an even g rea te r  number o f  s p a t i a l  volume c e l l s  
must be inc luded i n  the computation. The r e s u l t  o f  t h i s  s ide  c a l c u l a t i o n  i s  
used t o  pe rm i t  equ ipo ten t i a l  contours t o  be drawn i n  the  space surrounding t h e  
spacecraft .  

An even more important  use f o r  t he  Lacplace s o l u t i o n  i s  t o  i n d i c a t e  
s i t u a t i o n s  i n  which a p o t e n t i a l  b a r r i e r  e x i s t s  a t  o r  o f f  t h e  sur face o f  any 
g iven sur face c e l l .  Since photoelect rons and secondary emission e lec t rons  are  
emit ted w i t h  only  a few e l e c t r o n  v o l t s  o f  energy, a p o t e n t i a l  b a r r i e r  o f  a few 
v o l t s  e f f e c t i v e l y  c u t s  o f f  o r  p r o h i b i t s  any o f  these low energy e lec t rons  f rom 
leaving the  surface. NASCAP, then, uses the Lacplace s o l u t i o n  t o  c u t  o f f  t h e  
emission o f  low energy e lec t rons  f rom any g iven sur face c e l l  as soon as a 
p o t e n t i a l  b a r r i e r  i s  detected f o r  t n a t  c e l l .  The ne t  r e s u l t  o f  t h i s  p o t e n t i a l  
b a r r i e r  e f f e c t  can be an overwhelming change i n  t h e  charging c h a r a c t e r i s t i c s  
from wnat would be expected otherwise. 

Environment 

The svnchronous o r b i t  plasma environment used i n  t h e  s t ress  ana lys i s  uses 
11 as the  ions  so a two -~axwe l l i an  energy d i s t r i b u t i o n  f o r  t he  e 

t h a t  t h e  d i f f e r e n t i a l  f l u x  f o r  each species i s  
l ec t rons  as we 
g iven by 

By se lec t i ng  the two temperatures and two f l u x e s  f o r  each p a r t i c l e  species the  
measured environment can be f i t t e d  very  we l l .  Th i s  i s  demonstrated i n  F igures  
6 and 7. These curves have been generated f rom ATS-5 data  as presented by 
Gar re t t .  (2) 

We see from these f i gu res  t n a t  whereas a s i n g l e  Maxwel l ian cannot be made 
t o  f i t  the  data throughout t he  t o t a l  energy range, t he  double Maxwel l ian f i t s  
n i ce l y .  

We tnere fore  see t h a t  t h e  s t a t i c  geosynchronous o r b i t  environment can 
read i  l y  be described by spec i f y i ng  e i g h t  q u a n t i t i e s :  

a. Two e lec t ron  temperatures 
b. Two e lec t ron  number d e n s i t i e s  



c. Two i o n  temperatures 
d. Two i o n  number d e n s i t i e s  

Using these parameters, one can determine the  f l uxes .  

The d e n s i t i e s  and temperatures were taken f rom Reference 1 w i t h  some 
modi f i ca t ions .  I n  t h a t  study the  plasma e l e c t r o n  and i o n  dens i t ies ,  
temperatures, and f l uxes  f o r  a doubl&Maxwellian d i s t r i b u t i o n  were computed as 
a f u n c t i o n  o f  Ap and l o c a l  time. I n  those computations the  ATS plasma data 
were f i t t e d  t o  a model which made a l i n e a r  adjustment o f  t he  parameters f o r  
the e f f e c t s  o f  magnetic a c t i v i t y .  Tne f l u x  o f  e lec t rons  and ions was enhanced 
w i t h  increas ing  Ap. I n  t he  s t ress  ana lys is  performed i n  t h e  present  study 
two d i f f e r e n t  se ts  o f  environmental parameters were used, corresponding t o  
d i f f e r e n t  geomagnetic condi t ions.  These are  shown i n  Table 4. 

A "worst"  case environment corresponds t o  an Ap o f  400 and a "severe" 
case corresponds t o  an A o f  132. The f r a c t i o n a l  occurrence o f  Ap showing 
the  percent occurrence o! Ap from 1932-1975 i s  g iven i n  F igu re  8. The Ap 
we have used d i f f e r s  f rom Gar re t t s '  by a f a c t o r  o f  e i g h t  and i s  t he  comnonly 
used d a i l y  average magnetic ampl i tude i n  u n i t s  o f  2 gamma, whereas the  G a r r e t t  
Ap i s  t he  sum o f  the  t r i h o u r l y  Ap8s and i s  no t  normal ly  used i n  t he  
l i t e r a t u r e .  The d e n s i t i e s  and temperatures shown i n  Table 4 were selected t o  
maximize the  spacecraf t  chargeup under t h e  selected condi t ions.  The most 
severe chargeup does n o t  necessar i l y  occur when t h e  f l u x  o f  low energy 
e lec t rons  i s  maximized s ince these e lec t rons  produce secondaries which tend t o  
decrease negat ive  chargeup. Furthermore t h e  l a r g e  i o n  f l u x e s  a l so  l i m i t  
chargeup. For  these reasons those parameters which correspond t o  the  l a r g e s t  
h igh  energy e l e c t r o n  dens i t y  bu t  t o  the lowest low energy e l e c t r o n  and i o n  
dens i t i es  were selected from the Gar re t t  model f o r  each Ap. 

NASCAP Runs 

Several NASCAP runs were performed t o  determine t h e  l o c a t i o n  and t h e  
magnitude o f  envi ronmental ly  induced voltage stresses. Not on ly  were two 
d i f f e r e n t  environments considered, b u t  a l s o  f o r  eacn environment t h ree  s o l a r  
d i r e c t i o n s  and an e c l i p s e  case were analyzed. The cases run  are l i s t e d  i n  
Table 5. The worst case environment i s  i d e n t i f i e d  by Ap = 400 and t h e  
severe environment by Ap = 132. The NASCAP code permi ts  the  d i r e c t i o n  of 
t h e  sun r e l a t i v e  t o  t h e  spacecraf t  t o  be inser ted .  The sun can a l so  be turned 
o f f  t o  examine e c l i p s e  cond i t ions .  This was performed i n  Cases 4 and 8. 

A spec ia l  f e a t u r e  was added t o  NASCAP f o r  use on t h i s  s a t e l l i t e .  Th i s  
f ea tu re  pe rm i t t ed  a spinning spacecraft w i t h  sun normal t o  the  sp in  ax i s  t o  be 
s imulated by i nco rpo ra t i ng  a sp in  averaged sun i n t e n s i t y  i n t o  the  program. 
Th i s  fea tu re  was used i n  Cases 3 and 7. The approach i s  v a l i d  s ince the  
charging t imes are  long compared t o  the spacecra f t  sp in  per iod.  Since NASCAP 
i s  a t ime dependent code i t  was necessary t o  run  several  cyc les  f o r  each case, 
examine t h e  r e s u l t i n g  p o t e n t i a l s  and determine t h a t  steady s t a t e  s o l u t i o n  had 
been reached before  changing c o n d i t i o n s . t o  the  nex t  case. 



Kesul t s  

The main outputs o f  t h e  NASCAP program which were used f o r  t h e  s t ress  
ana lys is  were the p o t e n t i a l s  on each o f  the  810 c e l l s  and t h e  d i f f e rences  
between each c e l l  p o t e n t i a l  and t h e  s t r u c t u r e  (conductor)  p o t e n t i a l .  Tables 6  
and 7  show a  po r t i on  o f  t h e  810 c e l l  p o t e n t i a l  and the  conduc to r / ce l l  
p o t e n t i a l  d i f f e rence  p r i n t o u t .  The samples shown are  r e s u l t s  from Case 7, 
A  = 400, w i t h  the sun d i r e c t i o n  normal t o  t he  sp in  axis.  These data  along 
w?th a  surface c e l l  l i s t ,  which i d e n t i f y  t h e  c e l l s  by mater ia l ,  l o c a t i o n  and 
o r i en ta t i on ,  permi t  one t o  determine the  l o c a t i o n  and magnitude o f  t h e  
envi ronmental ly  induced vo l tage stresses. Table 8 i s  a  sample o f  t h e  sur face 
c e l l  on the  mater ia l  p lo ts ,  and the  coordinates o f  the  normal g i v e  i t s  
o r i e n t a t i o n .  A l l  t h e  c e l l s  i n  t h e  sample are  i d e n t i f i e d  as c e r i a  doped 
coverglass on the so la r  paddles. 

We have summarized t h e  l a r g e  volume o f  da ta  d e t a i l i n g  t h e  p o t e n t i a l s  and 
st resses on the  sur face c e l l s  by e x t r a c t i n g  st resses greater  than 1 k i l o v o l t  
and i d e n t i f y i n g  t h e  m a t e r i a l s  and l o c a t i o n  o f  these l a rge  st resses f o r  each o f  
the  cases run. When a  group o f  contiguous c e l l s  o f  i d e n t i c a l  ma te r i a l  was 
found having stresses l a rge r  than 1 k i l o v o l t ,  t h e  l a r g e s t  vo l tage s t ress  o f  
the  group was recorded and located on the  spacecraft .  The r e s u l t s  are shown 
i n  F igures  9  through 16. These data  are  the  most s i g n i f i c a n t  r e s u l t  o f  t h e  
analysis.  The stresses shown i n  the  f i g u r e s  can be assumed t o  be a x i a l l y  
s y m e t r i c  f o r  the same type of ma te r i a l .  The s t r u c t u r e  p o t e n t i a l  f o r  each 
case i s  a lso shown i n  the  f i gu res .  

The l a rges t  p o t e n t i a l  d i f f e rences  between sur face m a t e r i a l  and s t r u c t u r e  
occur when t h e  sun i s  normal t o  the  sp in  a x i s  and a  l a r g e r  f r a c t i o n  of the  
surface ma te r ia l  has k i l o v o l t  s t resses r e l a t i v e  t o  t h e  s t ruc tu re .  For  t h e  
Ap = 132 (severe) environment (F igu re  11) the  p o t e n t i a l  d i f f e r e n c e  can be as 
l a r g e  as 1900 vo l ts .  Th i s  can occur on the  upper t e f l o n  p o r t i o n s  o f  t h e  sun 
shade. I n  t h e  worst case environment the  t e f l o n  on the  shade can have a  
p o t e n t i a l  d i f f e rence  as h i g h  as 3720 v o l t s  r e l a t i v e  t o  s t ruc tu re .  Th i s  
p o t e n t i a l  a i f f e rence  i s  much lower than one would o b t a i n  i f  t h e  " b a r r i e r "  
e f f e c t  were no t  inc luded i n  NASCAP. The low s t ress  p red i c ted  by NASCAP i n  
t h i s  worst case environment i s  s u r p r i s i n g  i n  view o f  t h e  numerous r e p o r t s  of 
a rc  e f f e c t s  on synchronous o r b i t ' s p a c e c r a f t .  Even though t h e  st resses are  
most severe dur ing s ide sun condi t ions,  s t resses greater  than 1 k i l o v o l t  a re  
found f o r  a l l  the cases considered. Therefore a l l  t h e  m a t e r i a l s  and l oca t i ons  
i d e n t i f i e d  i n  Figures 9 through 16 can be the  source o f  an e l e c t r o s t a t i c  
d ischarge if discharges occur a t  1 k i l o v o l t .  

Another i n t e r e s t i n g  se t  o f  outputs generated by NASCAP i s  t h e  p o t e n t i a l  
contour  p l o t s  around the  spacecraft .  Several such p l o t s  a re  made f o r  each 
case considered. A few samples o f  t h e  contour p l o t s  a re  shown i n  F igures  17 
througn 19 f o r  t he  worst case environment w i t h  t h e  spacecra f t  i n  ec l ipse ,  sun 
a t  -2 and s ide  sun. The contour l i n e s  i n s i d e  the  spacecraf t  are a r t i f a c t s  o f  
t he  program ana should be considered t o  c l o s e  along t h e  surface. 

The l abe ls  Zmin, Zmax and AZ on the  f i g u r e s  represent  t h e  minimum 
p o t e n t i a l  contour voltage, t h e  maximum vo l tage and t h e  vo l tage between 
contours. These types of p l o t s  can be used t o  q u i c ~ l y  determine the  reg ions  



of h igh  p o t e n t i a l  on t h e  spacecraft, the innermost contours being t h e  l a r g e s t  
negat ive p o t e n t i a l  (i.e., Zmin). I n  F igure 17, i n  t he  sun -1 case, n o t i c e  
t h a t  t h e  reg ions  o f  h ighes t  p o t e n t i a l  a re  on the  lower p o r t i o n  o f  t h e  sun 
shade, the  second surfaced m i r r o r  area below the  shade and the  m i r ro red  area 
above t h e  c o n i c a l  array. Un t h e  other  hand, t h e  reg ions  o f  l a rge  p o t e n t i a l  
are no t  regions o f  l a rge  vo l tage st ress as i nd i ca ted  by the  smoothness o f  t h e  
contour  and i t s  r e l a t i o n s h i p  t o  t h e  spacecraft  sur face contour. I n  t h i s  case, 
the  l a r g e s t  s t resses occur on the  so la r  paddles near Z = -5. Both F igures  1 7  
and 18 show contours t h a t  do no t . i nd i ca te  l a rge  sur face p o t e n t i a l  changes. I n  
con t ras t  t o  these, F igu re  19, which shows the  d i s t o r t i o n  i n  t h e  equ ipo ten t i a l  
contours f o r  t he  s ide sun case, i s  i n d i c a t i v e  o f  l a rge  vo l tage stresses on the  
s u r f  ace. 

Conclusions and Recommendations 

The a p p l i c a t i o n  o f  NASCAP t o  a  s p e c i f i c  s a t e l l i t e  t o  determine i t s  
charg ing c h a r a c t e r i s t i c s  i s  a  reasonably s t ra igh t fo rward  process f o r  personnel 
f a m i l i a r  w i t h  computer languages and w i t h  the  f i e l d  o f  spacecraf t  charging. 
The c a p a b i l i t i e s  associated w i t h  NASCAP are c o n t i n u a l l y  being upgraded. A few 
improvements o f  NASCAP t h a t  are suggested have t o  do w i t h  t h e  a c c e s s i b i l i t y  o f  
t he  computat ional r e s u l t s  such as the i d e n t i f i c a t i o n  o f  h igh  s t ress  l oca t i ons  
i n  e i t h e r  t a b u l a r  o r  g raph ica l  form. The h i g h  s t ress  th resho ld  should be 
entered as a  p a r t  o f  t he  ma te r ia l  charac ter iza t ion .  One o the r  a d d i t i o n a l  
f e a t u r e  which would be use fu l  would be t h e  d i r e c t  computation o f  t h e  steady 
s t a t e  p o t e n t i a l s  by e l i m i n a t i o n  o f  element capacitances. Th i s  would 
circumvent t h e  r e p e t i t i o n  o f  runs t o  examine whether t h e  steady s t a t e  had been 
reached. 

I n  regard t o  t h e  accuracy o f  NASCAP i t s e l f ,  a  few labo ra to ry  experiments 
have been performed(3) which v e r i f y  p r e d i c t  ions  on smal l  sample 
measurements A NASCAP chargfng analys is  o f  the  SCATHA s a t e l l i t e  has been 
performed, ( 41  b u t  c o r r e l a t i v e  da ta  between i n-f 1  i g h t  performance and the  
ana lys i s  predic t io 'ns have not  y e t  been publ ished. As noted i n  the  sec t i on  on 
t h e  vo l tage  s t ress  ana lys i s  resu l t s ,  t h e  very worst case s t ress  o f  3720 v o l t s  
i s  unexpectedly low as compared t o  previous s t ress  computations i n  which t h e  
p o t e n t i a l  b a r r i e r  e f f e c t  was n o t  taken i n t o  account. I n  view o f  l abo ra to ry  
measurements(5) which i n d i c a t e  much h igher  vo l tage  breakdown thresholds 
( u s u a l l y  8 kV t o  12 kV), one wonders whether the  b a r r i e r  e f f e c t  i s  
overemphasized i n  NASCAP, o r  i f  some o the r  mechanism must be pos tu la ted  t o  
account f o r  t h e  numerous r e p o r t s  o f  i n -o rb i t  anomalies due t o  spacecraf t  
charging. On t h e  o the r  hand, t he re  are many o the r  poss ib le  explanat ions f o r  
t he  apparent d i  screpancy. For  example, 

o  Laboratory t e s t s  may n o t  r e f l e c t  t r u e  space f l i g h t  conf igura t ions .  
o  The observed anomalies i n  o r b i t  are caused by a rc ing  r e s u l t i n g  f rom 

d i f f e r e n t i a l  s t resses l e s s  than 4 k i l o v o l t s .  
o  The mater i  a1 proper t ies,  e.g. ,. secondary and photoemi ssion, may n o t  

be adequately known f o r  the h i g h  s t r e s s  and r e a l  i n - o r b i t  
envi ronment t o  permi t  accurate charging/ d i  scharging coinputations. 

o  The modeling o f  t h e  spacecraft  f o r  NASCAP may be t o o  coarse t o  
permi t  t he  accurate computation o f  s t resses a t  edges and sharp 
po in ts .  
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Table 1. b t e r t a l  Properties fo r  Exposed Surfaces 

SOLAR 

4.00too 
1.79-04 
1.00-14 
1.0ot01 
4.10+00 
4.10-01 
-1 .oo+oo 
0.00 
2.30+00 
2.08t01 
l.36+OO 
4.00+01 
2.00-05 

WHITEN 

3.50+00 
5.00-05 
5.90-14 
5.moo 
2.10too 
1.50-01 

-1. oo+oo 
0.00 
1.05too 
9.80tOO 
1.40+00 
7.00+01 
2.00-05 

SCREEN 
- 

1.00-03 .. 
1. oo+oo 
0.00 
1. oo+oo 
1.00+01 
1.50+00 
0.00 
1. oo+oo 
0.00 
1. oo+oo 
0.00 

INWX 

BLACKC 
Y EUIM: 

3.50+00 
5.00-05 
5.00-10 
5. oo+oo 
2.10too 
1.50-01 

-1.00+00 
0.00 
1.05+00 
9.80+00 
l.4OtOO 
7.00+01 
2.00-05 



Table 2. l h t e r i a l  Properties k s c r l p t l o n s  

Property 1 : 

Property 2: 

Property 3: 

Property 4: 

Property 5: 

Property 6: 

Property 7-10: 

Property 11: 

Property 12: 

Property 13: 

Relative d ie lec t r ic  constant f o r  insulators 
(dimensionless). 

Thickness o f  d i e lec t r i c  f i l m  o r  vacutm gap (meters). 

E lec t r ica l  conductivity (mholn). The value - indicate 
a vacuum gap over a conducting surface. 

Atanic nu&er (dimensionless). 

lhximun secondary electron y i e l d  f o r  e lectron impact a 
normal i ncidence (ditnensionless). 

Primary electron ener t o  produce maximun y i e l d  a t  
nonnal incidence (keVf 

Range f o r  incident electrons. Either: 

where the 
keV or 

range angstroms and f o r  the energy 

P7 = -1. t o  indicate use o f  an empirical range formula 

Pg - density (g/un3) 

PIO = mean atomic weight (dimensionless). 

Secondary electron y i e l d  f o r  n o m l l y  incident 1 keV 
protons. 

Proton energy 
y i e l d  (keV). 

produce maximum 

Photoelectron y i e l d  f o r  nonnally 
( W W .  

secondary electron 

incident sun1 i gh t  

1. SSM 
(SI02) 

2. ssn 
(5102) 

3. Ceria 
(5102) 

6. Black C 

7. Teflon 

Table 3. Sate l l i te  Charging Model Materials L i s t  

Material 
Description 

10 a i l  SlO2 
(Fused Quartz) 

8 m i l  SI02 
(Fused Quartz) 

6 ni l  Ceria 
Glass (may 
becane quartz) 

6 a i l  Uicrosheet 
Borosi l lcate 
61 ass 

White Paint 

Black Palnt 

Teflon Thermal 
B1 ankets 

A1 mi nun 

Spacecraft 
Locations 

Second Surface 
Mirrors (SSMs) 

SSMs 

Paddle Solar 
Cel l  Covers 

Cyl indr ica l  and 
Con1 cal Solar 
Cel ls Cover- 
glasses 

Collar Top 
Bottom of  
Spacecraft 

Top and Parts 
o f  Paddle 

Sunshade Top 
o f  RADECs 

Structural  Parts 

Thickness 
and Conductivity 



Table 4. Plasma Parameters used i n  NASCAP Runs 

1 Case 1. A, = 400 (Worst Case) I 

I Low E Uaxwel 1 i an  High E k x w e l l i r n  

Electrons 13,300 
Ions 1.6 140 1.8 7,300 

Case 2. A 132 (Severe) 

Electrons 2.5 234 1.66 11,300 
Ions 1.0 270 0.85 10,800 

Table 5. Cases Run on NASCAP 

Case No. 
*P Sun Di rect  ionf 

1 132 +Z 
2 132 -2 
3 132 1 2  (Spin) 
4 132 (Ecl i pse) 
5 400 +Z 
6 400 -2 
7 400 L Z  (Spin) 
8 400 (Eclipse) 

*+z I s  pa ra l l e l  t o  spin axis,  toward sensor. 



Table 6. Sample of Surface Potentials (volts) of the 810 Cells 

SURFACE POTENTIALS - ALL 010 CELLS 
CELL NO. CELL HO. 



Table 7. Sample of Potential Differences (Volts) of the 810 Cells 

CONDUCTOR I POTENTIAL = -9.0763t03 

POTENT1 AL DIFFERENCES - ALL 810 CELLS 
CELL no. 

1 -1.0713t03 -1 .O7 lJ+OJ -1 .O?13+O3 -1 .O713+03 - 1  .O713*03 
6 -1.0713+03 -1 .O7l D O 3  -1.0713t03 -1.0713+03 -1 .O713+03 

1 1  -1,0713+03 -1 .O713+03 -1 .O?l3+03 -1 .O?l3+03 -1.0713+03 
16 -1,0713+03 -1 .O713+03 -1 .O?l3+03 -1.Ot13t03 -1 .Ofl3+N 
21 -1.0713+03-1.0713+03-1.0713+03 -1.0713tO3-1.0713fO3 
26 -1.0713t03 -1.0713+03 -1.0713+03 -1.0714t03 -1.0713+03 
31 7.0922t01 1.1865t02 -1 .O7l4+O3 -1 .O713+O3 2.4974+01 
36 2.6328+01 -1 .0714+03 -1 .O713+03 -1 .OlV+O3 -9.2980+02 
41 0.0000 0.0000 1.4104t02 1.0538+01 -1.0714+33 
46 -1.0713t01 1.2599t02 -5.9917t00 -1.0714+03 -1  .O713+03 
51 1.6450t02 1.9121+02 -1.0;14+03 -1.0713+03 2.1641+02 
56 3.3?39+32 -3.5 81 St02 7.4038+02 -4.8504+02 5.2689+02 
61 -1.4916+01 1.2243+03 1.8916+03 2.303BtO3 2.9005t03 
66 3.01 83tO3 3.0649+03 3.lO6StO3 3.0835+03 -4.3252*02 
71 5.1 lOStO2 -1.4916tOl 1.322?+03 1.9974tO3 2.5105+03 
76 2.8431+03 2.9645+03 2.9389+03 0.0000 3.0697+03 
81 -3.6354t02 5.2979+02 -1.49fbtOl l.3339tO3 2.0066+03 
86 2.5088+03 2.8307+03 2.9249+03 2.8641 +O3 6.0000 
91 2.5697t03 2.8782t03 -4.134 1 +02 2.8036+03 3.0233*03 
96 -4.2309t02 5.38?6+02 -1.4916+01 1 .3S2O+O3 2.0169+03 
101 2.5171+03 2.8447t03 2.9652+03 2.9381*03 0.0000 
106 3.0309t03 2.9625+03 -4.1335+02 3.0369+03 3.0744t03 
1 1 1  -4,6846t02 5.7332t02 -l.4916+Ol 1 .lbJb+O3 1.931303 
1 1  6 2.4399+03 2.8153+03 2.9298+03 3.1 OZB+O3 3.0765+03 
121 3.0233+33 -3.3858t02 7.684: +02 - 1 .O713+03 -1 .O3l D O 3  
126 -1.0713+03 - 1  .O713&03 - 1  .O714+03 -1 .Otl3+63 2.1633+32 
131 3.4443+02-3.391,7+02 7.8473+02-1.4916+01 1.308It33 
I36 1.6069t03 2.3458t03 2.8712+03 2.9535t03 3.1 193t03 
141 3.2340403 3.2436+03 -1.491 6tOl 3.2853+03 3.0827+03 
146 -4.5953+01 2.2381t03 -1.6921 +01 -4.1377+02 2.7648*03 
131 -3.1 O9btO1 -4.1377+02 2.8622+03 -1.191 2+3l 3.3071 to3 
156 2.6024+03 -1 a49 1 btO1 1 .?946+O3 1 .S?l6+O3 2.31'83+03 
161 2.8459t03 3.0519+03 3.1473403 3.0661+03 3.0833+03 
166 -3.6333+02 7.2910+02 -1  .O7ld+M -1.0713+03 7.0922+01 
I71 1.164bt02 -1 .O7lI+O3 -1 .0713+03 -1 .07 l3+O3 -1.0713+03 
176 -1.0713t03 -1.0713+03 -1.0713+03 -1.0713*33 -1.0714+03 
181 -1.0713+03 1.4706tO2 l.6483+02 -4.6948k02 5.6978t02 
116 1 4 9 1 6 0  1.1785+03 1.7403+63 2.3691+03 2.8?63+03 
191 2.9939+03 3.1086403 3.131 !+O3 3.OCSI 403 l.4912tGt 

CELL NO. 
5 
10 
15 
2 3 
2 5 
3 0 
35 
40 
IS 
SO 
55 
6 0 
65 
70 
? S 
8 0 
a5 
90 
95 
100 
1 OS 
110 
115 
120 
125 
133 
135 
140 
145 
1 SO 
155 
160 
165 
176 
175 
180 
185 
195 
195 





Figure 1 . The s i x  bui lding block types are  
shown here. The uppermost object  
shows a F I L l l 1  smoothing a corner. 
Below, from l e f t  t o  r i g h t  are 
quasi sphere, octagon ri ght cyl i n- 
der, tetrahedron, wedge, and rec- 
tangular para1 1 e lepi  ped. 
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Figure 4. Surface c e l l  m a t e r i a l  composition as viewed from the  
negat ive Z d i r e c t i o n  f o r  Z values between 1 and 33. 
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Figure 5. Overview o f  t h e  NASCAP code. 
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F igure 6. D i f f e r e n t i a l  f l u x  o f  e lectrons (Sept. 30, 1969, ATS-5). 
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Figure 7. D i f f e r e n t i a l  f lux  of ions (Sept. 30, 1969, ATS-6). 
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Figure 8. Occurrence o f  A from 1932-1975. 
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Figure 13. Case 5 - Differential stress (sun +Z, Figure 14. Case 6 - Differential stress (sun -Z. 

A~ 
= 400) (AV > 1000 V ) .  *P = 400) ( A V  > 1000 V )  . 



.r
 
n
 

0
 to

o
 

0
 

1
0

 
N

r
c
 

-
-
I
 



Figure 17. Case 6 (sun - Z ,  Ap = 400) p o t e n t i a l  
contours along the Y-Z plane of X = 9. 



Figure 18. Case 8 (eclipse, A,, = 400) potential 
contours along the Y - Z  plane of X = 9 .  



Figure 19. Case 7 (sun lZ, A = 400) potential 
contours along t h e  Y-Z plane o f  X = 9. 
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