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SUMMARY 

The sate1 1  i t e  s u r f  ace p o t e n t i  a1 mon i to r  (SSPM) exper iment aboard t he  
SCATHA ( A i r  Force P78-2) spacecra f t  was designed t o  i n v e s t i g a t e  t h e  charg ing  
response o f  i n s u l a t o r s  exposed t o  t he  geosynchronous plasma environment. 
P r i o r  t o  SCATHA's launch t h e  SSPM f l i g h t  hardware was c a l i b r a t e d  and i t s  
charg ing  response examined i n  e l e c t r o n  spray ing  t e s t s  a t  t he  NASA Lewis  
Research Center. T h i s  paper r e p o r t s  models f o r  t h e  SSPM u n i t s  cons t ruc ted  
i n  t h e  NASCAP code and t h e  r e s u l t s  o f  comparing p r e d i c t i o n s  t o  sur face 
vo l t age  and baseplate c u r r e n t  data. Sets o f  NASCAP m a t e r i a l  p r o p e r t i e s  t h a t  
y i e l d e d  s a t i s f a c t o r y  agreement a re  presented. Several  p e c u l i a r i t i e s  i n  t he  
t e s t  da ta  a re  noted. P r e l i m i n a r y  r e s u l t s  f rom space s imu la t i ons  o f  a  SCATHA 
model w i t h  environments r e p r e s e n t a t i v e  o f  t h e  day 87, 1979, e c l i p s e  
i n j e c t i o n  event a re  a l s o  presented, and t h e i r  i m p l i c a t i o n s  f o r  p r e d i c t i n g  
space response a re  discussed. 

INTRODUCTION 

The s a t e l l i t e  su r face  p o t e n t i a l  mon i to r  (SSPM) i s  one o f  severa l  
eng ineer ing  experiments f l o w n  on the  A i r  Force P78-2 s a t e l l i t e ,  which i s  
a l s o  known as SCATHA (Spacecra f t  Charging a t  High A l t i t u d e s ) .  The 
s a t e l l i t e ' s  miss ion i s  t o  examine t h e  geosynchronous environment and t h e  
charg ing  response of a  spacecraf t  i n  t h a t  environment ( r e f s .  1 t o  3 ) .  The 
SSPM's purpose i s  t o  determine t h e  charg ing  responses o f  se lec ted  spacec ra f t  
su r face  m a t e r i a l s  exposed t o  t he  environment. It was designed and b u i l t  by 
t he  Aerospace Corpora t ion  i n  coopera t ion  w i t h  t he  A i r  Force M a t e r i a l s  
Labora to ry  and p rov ides  sur face  vo l tage  and subs t ra te  c u r r e n t  measurements 
f o r  each m a t e r i a l  sample. 

P r i o r  t o  launch t h e  f l i g h t  hardware was t e s t e d  i n  a  vacuum f a c i l i t y  a t  
NASA's Lewis Research Center t o  c a l i b r a t e  t h e  f l i g h t  vo l t age  measurement 
i ns t rumen ta t i on  and t o  p rov ide  da ta  f o r  comparison w i t h  f l i g h t  r e s u l t s .  
Such comparisons must be made w i t h  t h e  a i d  o f  models because o f  t h e  
d i f f e r e n c e s  i n  environment between t he  ground and space cond i t i ons .  
Be fo re  a t tempt ing  t o  p r e d i c t  f l i g h t  r e s u l t s ,  i t  i s  necessary t o  develop and 
exe rc i se  t he  models t o  p r e d i c t  t he  response of t h e  samples under ground t e s t  
cond i t i ons .  From the  v iewpo in t  o f  phys i ca l  surroundings and environment, 
l a b o r a t o r y  cond i t i ons  are b e t t e r  known and s imp le r  than  on-orbi t 
cond i t i ons .  Successful  model ing of sample responses under l a b o r a t o r y  t e s t  
c o n d i t i o n s  thus seems a  p r e r e q u i s i t e  t o  meaningful model ing o f  f l i g h t  
response. 

T h i s  paper p resen ts  r e s u l t s  of a  s tudy i n  which computer models of t he  
t h r e e  SSPM u n i t s  (SC1-1, SC1-2, and SC1-3) were cons t ruc ted  and t h e i r  
charg ing  responses i n v e s t i g a t e d  by us ing  t h e  NASCAP code ( re f .  4). Model 
r e s u l t s  were compared w i t h  ground t e s t  data, and se lec ted  m a t e r i a l  p r o p e r t y  
parameters were v a r i e d  t o  op t im i ze  fit. Sets  of m a t e r i a l  p r o p e r t i e s  were 



thus provided t h a t  could be used i n  con junc t ion  w i t h  a  model o f  the  SCATHA 
spacecraf t  t o  i n v e s t i g a t e  f l i g h t  responses o f  the  SSPM mater ia ls .  

An e a r l i e r  study ( r e f .  5 )  used t h i s  approach t o  i n v e s t i g a t e  responses 
o f  the  SC1-2 Kapton sample. The present e f f o r t  was focused on the  th ree  
Kapton samples (one on each u n i t ) ,  the Te f l on  sample on SC1-3, and t h e  
o p t i c a l  so la r  r e f  l e c t o r s  (OSR1s) on SC1-1.  Emphasis was on the ground t e s t  
comparison. Some r a t h e r  s u r p r i s i n g  r e s u l t s  from p re l im ina ry  runs us ing  a  
SCATHA model and the  ec l i pse  environment f rom day 87 o f  1979 are a l so  
presented, and t h e i r  imp l i ca t i ons  are discussed. 

SSPM DESCRIPTION 

The SSPM comprises th ree  separate u n i t s ,  each w i t h  the e x t e r i o r  
dimensions o f  33 by 33 by 5  centimeters, i d e n t i f i e d  i n  the  P78-2 experiments 
l i s t  as SC1-1, SC1-2, and SC1-3. The SC1-1  and SC1-3 u n i t s  con ta in  f o u r  
t e s t  samples apiece, each w i t h  an exposed area o f  12.4 square cent imeters. 
The SC1-2 u n i t  has a  s i n g l e  sample w i th  an exposed area o f  28.9 square 
cent imeters. Each t e s t  sample i s  surrounded by a  gold frame t h a t  i s  
e l e c t r i c a l l y  connected t o  spacecraft  ground. Sample surface ma te r ia l s  are 
summarized i n  t a b l e  I, and t h e i r  conf igura t ions  are i l l u s t r a t e d  i n  
f i g u r e  1. The open c i r c l e s  i n  the  f i g u r e  i n d i c a t e  the  p o s i t i o n s  a t  which 
sur face p o t e n t i a l  measurements are made by a  back-side technique. The SC1-2 
u n i t  a l so  has a  spot a t  which a  " f r o n t  side" p o t e n t i a l  measurement i s  made 
( s o l i d  c i r c l e  i n  f i g .  1 ) .  Here a  hole i s  punched through theKap ton  so t h a t  
sur face e l e c t r i c  f i e l d s  can be sensed. 

The back-side p o t e n t i a l  measurement technique, which i s  the standard 
f o r  t he  experiment, i s  i l l u s t r a t e d  i n  f i g u r e  2. I n s u l a t o r  samples are 
mounted, m e t a l l i z e d  s ide down, on a  copper-clad p r i n t e d  c i r c u i t  board by 
us ing  s i l ver - loaded epoxy. A t  the  p o t e n t i a l  measurement spot there  i s  a  
ho le  punched through the p r i n t e d  c i r c u i t  board where the sample 
m e t a l l i z a t i o n  i s  removed from a 0.64-centimeter-diameter spot. F i e l d s  i n  
t h e  c a v i t y  formed by t h i s  ho le  are sensed by a  Monroe voltmeter.  The copper 
c ladd ing  i s  grounded t o  the  spacecraft  s t r u c t u r e  through an electrometer,  
which prov ides the sample cur ren t  measurement. Each sample has a  narrow 
s t r i p  o f  m e t a l l i z a t i o n  removed from around i t s  border so t h a t  the  cu r ren t  
read ing  i nd i ca tes  the  bu lk  leakage current  i n  e q u i l i b r i u m  and the sum o f  
bu l k  leakage and ne t  charging currents dur ing  charging but  does not  inc lude 
sur face currents.  Fur ther  desc r ip t i on  o f  the  SSPM can be found i n  
references 1, 5, and 6. 

EXPERIMENTAL INVESTIGATION 

P r e f l i g h t  t e s t i n g  of the SSPM u n i t s  a t  Lewis has been described 
p r e v i o u s l y  ( re f .  5 ) .  B r i e f l y ,  each SSPM u n i t  was exposed t o  normal ly  
i n c i d e n t  e l e c t r o n  beams of energies 2.5, 4, 6, and 8 k i l o v o l t s  a t  a  nominal 
c u r r e n t  dens i t y  o f  1 nanoampere I!)  per square cent imeter,  a t  several 
temperatures, i n  t h e  dark. During these t e s t s  noncontact ing sur face vo l tage 
probes were swept across the  sample t e s t  surfaces, passing d i r e c t l y  over the  
f l i g h t  measurement spots. The r e s u l t i n g  data were used t o  c a l i b r a t e  the  
back-side f 1  i g h t  p o t e n t i  a1 measurements. 

Because t h e  m e t a l l i z a t i o n  was removed from the  i n s u l a t o r  samples a t  t he  
f l i g h t  measurement spots, t he  e f f e c t i v e  capacitance per u n i t  area o f  



i n s u l a t i o n  was sma l l e r  a t  t h a t  spot  than  f o r  t h e  r e s t  of t h e  co r respond ing  
sample. I n  consequence, t he  su r face  over  t h e  f l i g h t  measurement spot  
responded more q u i c k l y  t o  t h e  e l e c t r o n  beam than  d i d  t h e  b u l k  o f  t h e  
sample. T h i s  e f f e c t  i s  impor tan t  t o  no te  because t he  f l i g h t  su r f ace  vo l t age  
d a t a  r ep resen t  t h e  response o f  t h e  measurement spot  on ly ,  n o t  t h a t  o f  t he  
b u l k  o f  t h e  sample. It i s  t he  c u r r e n t  da ta  t h a t  must be used t o  i n f e r  t h e  
response o f  the b u l k  o f  t h e  sample. 

T h i s  d i f f e r e n c e  i n  charg ing  r a t e s  between t h e  f l i g h t  measurement spot  
and t h e  r e s t  o f  a  sample i s  i l l u s t r a t e d  i n  f i g u r e  3, where d a t a  f r om  one 
t e s t  o f  each of  t h e  t h r e e  Kapton samples a re  p l o t t e d ,  I n  t h i s  f i g u r e  t he  
s o l i d  symbols represen t  t h e  mea'sured p o t e n t i a l  near t h e  measurement spot,  
and t h e  open symbols r ep resen t  t h e  spot  p o t e n t i a l .  C lea r l y ,  i n  each case 
t h e  measurement spot charges much more r a p i d l y  than  t h e  sur rounding 
i n s u l a t i o n ,  an e f f e c t  t h a t  must be accounted f o r  i n  t he  modeling. 

Another f a c t  apparent f rom f i g u r e  3  i s  t h a t ,  a l though  t h e  base m a t e r i a l  
o f  t he  t h r e e  Kapton samples shows e s s e n t i a l l y  a  s i n g l e  charg ing  ra te ,  t h e  
measurement spot o f  t h e  SC1-3 Kapton sample charges s i g n i f i c a n t l y  more 
s l o w l y  t han  the spo ts  o f  t he  S C 1 - 1  and SC1-2 Kapton samples. That i s ,  t h e  
e f f e c t i v e  spot-to-base capac i tances a re  d i f f e r e n t .  T h i s  i s  no t  t o o  
s u r p r i s i n g ,  g iven t he  t o l e rances  i n  t h e  mount ing s p e c i f i c a t i o n s ,  bu t  i t  
should be accounted f o r  i n  model ing and i n  i n t e r p r e t i n g  f l i g h t  data.  

MODELING: GROUND TESTS 

Computer Model D e s c r i p t i o n  

A  computer model f o r  each o f  t he  SSPM u n i t s  was cons t ruc ted  by us i ng  
t h e  NASCAP code. The appearance o f  these models, o r  " ob jec t s "  as t hey  a re  
c a l l e d  i n  NASCAP, i s  i l l u s t r a t e d  i n  f i g u r e  4, which shows t he  SC1-3 model. 
The c e l l  s i z e  i s  2.54 cen t ime te r s  ( 1  i n . )  on a  s ide.  Each u n i t  i s  modelea 
by a  14- by 14- by 1 - c e l l  ob j ec t ,  f i v e  o f  whose sur faces  a re  gold.  The 
rema in ing  sur face  has patches o f  su r f ace  m a t e r i a l s  t o  r ep resen t  t h e  sample 
sur faces.  Each o f  t h e  sample su r faces  i s  assoc ia ted  w i t h  i t s  own u n d e r l y i n g  
conductor  t o  a l l ow  c u r r e n t  p r e d i c t i o n s  t o  be made. Each o f  t h e  f o u r  sur face 
sample areas on t h e  SC1-1 and SC1-3 o b j e c t s  measures 5  c e l l s  by 5 c e l l s ,  
r e p r e s e n t i n g  an area o f  approx imate ly  161 square cen t ime te r s  ( a s  compared 
w i t h  -154 cm2 f o r  t he  ac tua l  area).  The Kapton su r f ace  area on t h e  SC1-2 
o b j e c t  i s  12 c e l l s  by 12 c e l l s  o r  approx imate ly  929 square cen t ime te r s  
( a c t u a l  Kapton area, -836 cm2). The smal l  1 - c e l l  squares a t  t h e  cen te r s  
o f  t h e  i n d i v i d u a l  t e s t  su r f ace  patches i n  f i g u r e  4 r ep resen t  t h e  measurement 
spots.  

I n  t h e  modeling t h e  measurement spo ts  a re  t r e a t e d  as patches o f  
m a t e r i a l  hav ing t h e  same p r o p e r t i e s  as t h e i r  r e s p e c t i v e  base m a t e r i a l s  
except  t h a t  they a re  t h i c k e r ;  thus  t he  m a t e r i a l  des i gna t i ons  "THKKAP," etc. ,  
a re  used. Th i s  cho ice  f o r  model ing t h e  measurement spots  i s  somewhat 
a r b i t r a r y .  The impor tan t  d i f f e r e n c e  between t h e  charg ing  response o f  t h e  
spo t  and base m a t e r i a l s  observed i n  t h e  t e s t  d a t a  was i n  t h e  r a t e  a t  which 
these  areas charged, or, e q u i v a l e n t l y ,  i n  t h e i r  e f f e c t i v e  capac i tances  per  
u n i t  area. I n  t h e  model ing t h e  capac i tance  o f  a  sur face area o f  i n s u l a t i o n  
depends on the  d i e l e c t r i c  cons tan t  and t h i c k n e s s  of t h e  m a t e r i a l .  E i t h e r  o r  
bo th  of these  parameters cou ld  be v a r i e d  t o  o b t a i n  t h e  observed spot-to-base 



charg ing  ra tes .  Thickness was chosen. The spot-to-base t h i ckness  r a t i o  
s imp ly  represen ts  the  e f f e c t i v e  base-to-spot capaci tance r a t i o  per  u n i t  area. 

Approach 

Values o f  b u l k  c o n d u c t i v i t y  f o r  t h e  va r i ous  m a t e r i a l s  were ob ta ined  by 
averaging t h e  exper imenta l  l y  observed r a t i o s  o f  equi  1  i b r i  um s u r f  ace 
p o t e n t i a l  t o  leakage cu r ren t .  Bulk sample th icknesses  were taken as t he  
nominal values; e f f e c t i v e  " t h i c k  spot" th icknesses  were est imated on t h e  
b a s i s  o f  expe r imen ta l l y  observed i n i t i a l  r i s e  t imes. I n i t i a l  values o f  a l l  
o t h e r  m a t e r i a l  parameters were taken t o  be t h e  s tandard NASCAP values 
app rop r i a te  t o  the  va r i ous  mater ia ls .  

NASCAP s imu la t i ons  o f  charg ing  i n  a  6-keV, 1 - n ~ l c m 2  beam were made 
f o r  each o f  t h e  t h r e e  ob jec ts ,  and p r e d i c t i o n s  o f  su r face  p o t e n t i a l s  f o r  
bo th  spots  and base m a t e r i a l s  were compared w i t h  the  data. Some o f  t he  
m a t e r i a l  p r o p e r t i e s  were then  var ied  t o  o b t a i n  improved f i t s  t o  t h e  data.  
The two ma te r i  a1 p r o p e r t i e s  whose values determined t he  r e 1  a t i  ve charg ing  
r a t e s  o f  t h e  spot and t h e  b u l k  m a t e r i a l  were t h i ckness  r a t i o  and sur face  
r e s i s t i v i t y .  A l t e r a t i o n s  o f  o t h e r  parameters were made o n l y  when c l e a r l y  
requ i red ,  and then c a r e  was taken  t o  remain w i t h i n  t h e  r e g i o n  o f  " reasonable 
values" f o r  these parameters. 

Sample current- to-ground p r e d i c t i o n s  were made as f o l l o w s :  The 
measurement spot  c e l l  t h i ckness  was se t  equal t o  t h a t  o f  t he  bu l k  sample, 
and t h e  sur face r e s i s t i v i t i e s  were made very  la rge .  The reasons f o r  these 
p a r t i c u l a r  choices were t h a t  t he  measurement spot  c e l l  i s  much l a r g e r  
r e l a t i v e  t o  t h e  sample s i z e  than  the ac tua l  measurement spot (2.54-cm square 
as compared w i t h  a  0.64-cm-diam c i r c l e )  and t h a t  t he  guard r i n g  geometry o f  
t h e  SSPM e l i m i n a t e s  measurement o f  su r face  c u r r e n t s  bu t  NASCAP i nc l udes  
su r f ace  c u r r e n t s  as c o n t r i b u t i n g  t o  c u r r e n t s  i n  t h e  unde r l y i ng  conductors.  
Wi th  these two changes, charg ing  s imu la t ions  were repeated, and t he  
c a l c u l a t e d  c u r r e n t s  were sca led  t o  account f o r  t h e  d i f f e r e n c e s  i n  sur face  
area between t he  a c t u a l  and modeled i n s u l a t i o n s  ( a  f a c t o r  o f  0.90 f o r  SC1-1 
and SC1-3 i n s u l a t o r s  and a  f a c t o r  of 0.95 f o r  SC1-2.) 

Resu l ts  

Represen ta t i ve  comparisons o f  NASCAP p r e d i c t i o n s  t o  da ta  f o r  6-keV 
c o n d i t i o n s  a re  shown i n  f i g u r e s  5 ( p o t e n t i a l s )  and 6 ( c u r r e n t s ) .  The va lues 
o f  t h e  m a t e r i a l  p r o p e r t y  parameters used t o  o b t a i n  these  r e s u l t s  a re  l i s t e d  
i n  t a b l e  11. I n  f i g u r e  5, t h e  open and s o l i d  symbols represen t  exper imenta l  
da ta  f o r  t h e  p o t e n t i a l s  a t  t h e  measurement spots  and t h e  ad jacent  base 
m a t e r i a l s ,  r espec t i ve l y .  The s o l i d  l i n e s  represen t  p r e d i c t e d  p o t e n t i a l s  o f  
t h e  measurement spot c e l l  surface, and t h e  dashed l i n e s  represen t  the  
p o t e n t i a l s  on two ad jacen t  c e l l s .  

The m a t e r i a l  p r o p e r t i e s  whose values a re  l i s t e d  i n  t a b l e  I 1  a re  those 
r e q u i r e d  as i n p u t s  t o  NASCAP ( f o r  more d e t a i l e d  d e s c r i p t i o n s  see, e.g., 
r e f s .  7 t o  9 )  - w i t h  t he  excep t ion  of  t h e  spot-to-base t h i ckness  r a t i o ,  
which i s  s p e c i f i c a l l y  f o r  t h i s  study. Except as noted i n  t h e  t ab le ,  these 
va lues  are t h e  s tandard NASCAP m a t e r i a l  p r o p e r t y  parameters. Two se t s  o f  
p r o p e r t i e s  a re  g i v e n  f o r  Kapton, one s e t  f o r  SC1-1 and SC1-2, and one f o r  
SC1-3. These d i f f e r  o n l y  i n  t h e  values o f  sur face r e s i s t i v i t y  and 



spot-tobase th ickness  r a t i o ,  two parameters t h a t  determine t h e  r e l a t i v e  
cha rg i ng  behav ior  o f  t h e  measurement spot  and t h e  base m a t e r i a l .  

As i n d i c a t e d  i n  t h e  t a b l e ,  a  t h i c kness  o f  0.0076 cen t ime te r  ( 3  m i l s )  
was used t o  o b t a i n  t h e  i l l u s t r a t e d  f i t s  t o  t h e  T e f l o n  data, r a t n e r  than t he  
nominal  va lue  f o r  t h i s  sample o f  0.0127 cen t ime te r  ( 5  m i l s ) .  P r e d i c t i o n s  
u s i n g  0.0127 cen t imete r  i n d i c a t e d  f a s t e r  charg ing  t han  was observed. 
Comparison o f  t he  SC1-3 Te f lon  da ta  w i t h  d a t a  t aken  on o t h e r  samples of 
0.0127-centimeter ( 5 - m i l )  t h i c k  T e f l o n  (e.g., r e f s .  8, 10, and 11) i n d i c a t e d  
t h a t  t h e  SC1-3 T e f l o n  sample charged more s l o w l y  than  would have been 
expected f r om t e s t i n g  o f  o t h e r  samples. A l though  t he  reason f o r  t h i s  slow 
charg ing  i s  not c l e a r ,  some j u s t i f i c a t i o n  f o r  u s i n g  t h e  sma l l e r  va lue  o f  
t h i c k n e s s  i s  provided. The a l t e r n a t i v e ,  which woula have been t o  inc rease  
t h e  d i e l e c t r i c  cons tan t  f rom 2.0 t o  about 3.0 o r  3.5, seemed much l e s s  
reasonable, s ince t h e  d i e l e c t r i c  cons tan t  o f  T e f l o n  i s  reasonably  w e l l  known. 

Tab le  I1 l i s t s  t h e  parameters used t o  determine secondary e l e c t r o n  
y i e l d  f r om  pro ton  impact, p h o t o e l e c t r o n  c u r r e n t  dens i t y ,  and t h e i r  s tandard 
NASCAP values. These va lues a re  i nc l uded  f o r  t h e  sake o f  completeness b u t  
have no t  been v e r i f i e d  here  because t hey  a re  no t  used i n  t he  c a l c u l a t i o n s  
presented. 

F i g u r e  6 shows r e p r e s e n t a t i v e  comparisons o f  p r e d i c t e d  and observed 
cu r ren t s .  Open symbols r ep resen t  data, and h o r i z o n t a l  ba rs  i n d i c a t e  t h e  
NASCAP t ime  step (60 sec) .  The c u r r e n t s  c a l c u l a t e d  by NASCAP are 
e s s e n t i a l l y  averaged over  a  t ime  s tep  so t h a t  no more s p e c i f i c  t imes  than  
t h e  whole t ime  s tep  can be assigned. The p r e d i c t i o n s  g e n e r a l l y  f i t  t h e  da ta  
q u i t e  w e l l ,  except f o r  t h e  case o f  SC1-2, f o r  which t h e  da ta  are b e t t e r  f i t  
by one-hal f  o f  t h e  p r e d i c t e d  c u r r e n t s  (dashed h o r i z o n t a l  bars  i n  f i g .  
6 ( c ) ) .  T h i s  type o f  f i t  was ob ta ined  f o r  b o t h  6- and 4-keV beam 
c o n d i t i o n s .  A r ev i ew  o f  t h e  da ta  i n d i c a t e d  t h a t  t h e  measured i n i t i a l  
c u r r e n t s  f o r  SC1-2 were c o n s i s t e n t l y  about t w i c e  as l a r g e  as those f o r  t h e  
SC1-1 and SC1-3 Kapton samples. Th i s  d i f f e r e n c e  i s  p u z z l i n g  s i nce  t he  SC1-2 
Kapton sample area i s  about f o u r  t imes  t h a t  o f  t h e  SC1-1 ana SC1-3 samples, 
so t h a t  one would expect  r ough l y  f o u r  t imes as l a r g e  a  c u r r e n t  reading.  It 
i s ,  however, cons i s t en t  w i t h  t h e  f a c t  t h a t  h a l f  t h e  p r e d i c t e d  c u r r e n t  f i t s  
t h e  data.  

The m a t e r i a l  p r o p e r t y  parameters l i s t e d  i n  t a b l e  I 1  and a  4-keV beam 
were used t o  make another  s e t  o f  NASCAP runs, and t h e  r e s u l t s  were compared 
w i t h  l a b o r a t o r y  da ta  taken  w i t h  4-keV beams. T y p i c a l  r e s u l t s  a re  
i l l u s t r a t e d  i n  f i g u r e  7 (a ) ,  where t h e  p r e d i c t i o n s  and d a t a  f o r  t h e  SC1-2 
Kapton p o t e n t i a l s  a re  shown f o r  bo th  t he  4- and 6-keV beam cases. The 
agreement shown i n  f i g u r e  7(a)  i s  t y p i c a l  o f  t h a t  ob ta i ned  w i t h  a l l  t h e  
samples s tud ied  except  t h e  SC1-3 Kapton sample, f o r  which t he  r e s u l t s  a re  
shown i n  f i g u r e  7(b) .  The 4-keV beam da ta  f o r  t h e  SC1-3 Kapton sample 
i n d i c a t e  t h a t  t h e  base m a t e r i a l  was charg ing  more s l o w l y  and t o  a  lower  
e q u i l i b r i u m  p o t e n t i a l  than  t h e  base m a t e r i a l  o f  t h e  SC1-1 and SC1-2 Kapton 
samples. By con t ras t ,  t h e  base m a t e r i a l  appeared t o  charge s i m i l a r l y  f o r  
t h e  t h r e e  Kapton samples i n  6-keV beams. The reason f o r  t h i s  behav io r  i s  
n o t  known. However, t h e  r e s u l t s  i n d i c a t e  t h a t  c a u t i o n  i s  needed i n  
comparing SC1-3 Kapton d a t a  t o  Kapton da ta  from t h e  o t h e r  two u n i t s .  



MODEL I N G :  SPACE CASE 

With sets o f  ma te r i a l  p roper ty  parameters f o r  the SSPM surface 
m a t e r i a l s  i n  hand, one would l i k e  t o  attempt t o  model the  on-orb i t  response 
o f  these mater ia ls .  To do so requi res a model o f  the  SCATHA spacecraf t  w i t h  
s u i t a b l e  SSPM models incorporated, a d e s c r i p t i o n  o f  t h e  space environment, 
and da ta  on the p o t e n t i a l s  o f  the  spacecraft s t r u c t u r e  and t e s t  sur faces i n  
the  spec i f ied  environment. 

Scatha Model 

The SCATHA model used i n  t h i s  study i s  b a s i c a l l y  t h e  one developed by 
Systems, Science and Software and described i n  reference 12. That model has 
been modi f ied  t o  incorpora te  new models o f  the  SSPM u n i t s  f o r  use i n  t h i s  
study ( f i g .  8) .  I n  p lace  o f  t he  o r i g i n a l  SC1-1 and SC1-3 u n i t s  w i t h  one 
c e l l  each of f ou r  d i f f e r e n t  mater ia ls ,  " s u r f  ace p o t e n t i a l  t e s t  regions" were 
def ined. Each o f  these has one c e l l  to represent  the measurement spot and 
th ree  t o  represent  t he  base mater ia l .  A t  t he  o r i g i n a l  l o c a t i o n  o f  SC1-2 and 
on the  top  o f  the  spacecraf t  across from SC1-3, two "cu r ren t  t e s t  regions" 
have been defined, each w i t h  i t s  own under ly ing  conductor. The ma te r ia l  
p r o p e r t i e s  o f  these patches may be changed e a s i l y  i n  a NASCAP runstream so 
t h a t  i t  i s  poss ib le  t o  run  two d i f f e r e n t  ma te r i a l  types i n  a g iven 
s imu la t i on  run  (one p o t e n t i a l  and current t e s t  spot f o r  each ma te r ia l ) .  

Simulat ion Resul ts  

I t  was decided t o  use environment and spacecraf t  p o t e n t i a l  data from 
day 87 o f  1979, a day on which SCATHA was charged by a substorm t h a t  began 
du r ing  e c l i p s e  passage. Since i t  i s  no t  necessary t o  inc lude the  e f f e c t s  o f  
photoemission du r ing  ec l ipse ,  ec l i pse  cond i t i ons  present a s impler  case than 
day l i gh t .  Even i n  ec l ipse,  however, one must be aware o f  the f a c t  t h a t  
Kapton, i n  p a r t i c u l a r ,  has a r e s i s t i v i t y  t h a t  i s  very s e n s i t i v e  t o  exposure 
t o  sun l igh t .  The t ime constant  f o r  re tu rn  t o  dark c o n d u c t i v i t y  i s  long, so 
t h a t  even i n  e c l i p s e  the  conduc t i v i t y  o f  Kapton w i l l  probably be enhanced 
f o r  those samples t h a t  have been exposed t o  sun l igh t .  

Two vers ions o f  t he  environment and spacecraf t  p o t e n t i a l  h i s t o r y  on day 
87 o f  1979, based on data  f rom the SC9 detec tor  ( r e f .  3), were obtained from 
Systems, Science and Software ( p r i va te  communications, w i t h  G. Schnuel l e )  . 
The environments, as received, were i n  the  form o f  double-Maxwel l ian f i t s  t o  
t he  ac tua l  spectra. These were converted t o  single-Maxwel l ian 
representa t ions  having the  same f i r s t  f o u r  moments o f  the  d i s t r i b u t i o n  
func t ions .  

The i n i t i a l  vers ion  o f  t he  environment was r a t h e r  coarse, w i t h  
approximately the  f i r s t  120 seconds f o l l o w i n g  the  onset o f  the  substorm 
being represented by on l y  t h r e e  separate environments w i t h  e l e c t r o n  
temperatures o f  7.07, 6.38, and 6.64 keV, i n  t h a t  order.  Three s imu la t ion  
runs  were made i n  t h i s  environment. F i r s t ,  one SSPM surface p o t e n t i a l  t e s t  
patch and one c u r r e n t  t e s t  patch were g i ven  the p r o p e r t i e s  f o r  SC1-3 Kapton 
( t a b l e  11), and the  o the r  p a i r  o f  tes t  patches were g iven SC1-1 and SC1-2 
Kapton proper t ies.  Second, one p a i r  o f  t e s t  patches was def ined t o  have 
Tef lon 's  p r o p e r t i e s  and t h e  o ther  SiOZ1s proper t ies .  F i n a l l y  a run  was 
made i n  which no t h i c k  measurement spots were incorporated, t h e  two sur face 



p o t e n t i a l  patches were g iven the  p rope r t i es  o f  a l l - t h i n  Te f l on  and Si02, 
and the  two current  patches were g iven the  p r o p e r t i e s  o f  Kapton. The reason 
f o r  the t h i r d  run  was t h a t  t he  r e s u l t s  o f  t he  f i r s t  two runs d isp layed an 
unexpected and undesi rable e f f e c t :  The choice o f  m a t e r i a l  p rope r t i es  f o r  t he  
SSPM t e s t  c e l l s  had a  l a rge  e f f e c t  on the p red i c ted  p o t e n t i a l  of the e n t i r e  
spacecraf t  s t ructure.  Pred ic ted  spacecraf t  s t r u c t u r e  p o t e n t i a l s  as a  
f u n c t i o n  o f  time f o r  these th ree  runs, shown i n  f i g u r e  9, i l l u s t r a t e  t h i s  
e f f e c t .  Clearly,  p red ic ted  d i f f e r e n t i a l  p o t e n t i a l s  ( t h e  SSPM measurements 
are a1 1  re1  a t ive  t o  spacecraf t  s t ruc tu re )  cannot have much meaning when the 
pred ic ted  s t ruc tu re  p o t e n t i a l  i s  t h i s  s e n s i t i v e  t o  the  SSPM t e s t  patch 
mater ia l .  

There are th ree  poss ib le  reasons f o r  t h e . d i f f i c u l t y .  Perhaps the 
" t h i c k  measurement spot" modeling technique simply w i l l  no t  work i n  space 
e c l i p s e  cond i t ions  and a  new model must be devised. Perhaps a  c a r e f u l  
choice of " t h i ck  spot" m a t e r i a l s  t o  use i n  a  g iven r u n  w i l l  a t  l e a s t  reduce 
the  d i f f i c u l t y  (e.g., one Kapton and one T e f l o n  spot) .  O r ,  perhaps the  
p a r t i c u l a r  environment used represents a  near t h resho ld  c o n d i t i o n  ( r e f .  13) , 
i n  which case small changes i n  ma te r i a l  p r o p e r t i e s  could cause l a rge  changes 
i n  p red ic ted  po ten t i a l s .  

Because a more d e t a i l e d  environment f o r  t h i s  t ime pe r iod  had become 
ava i lab le ,  i t  was decided t o  pursue the l a s t  two p o s s i b i l i t i e s  and t o  
develop a  "basel ine" t ime h i s t o r y  o f  s t r u c t u r e  p o t e n t i a l  by us ing  a  model 
w i t h  no t h i c k  spots. Fo l lowing t h i s  procedure a l lows determinat ion of how 
we1 1  NASCAP w i  11 p r e d i c t  s t r u c t u r e  p o t e n t i  a1 (because data on s t r u c t u r e  
p o t e n t i a l  are a v a i l a b l e )  and o f  how much in f luence the  a d d i t i o n  o f  t h i c k  
patches has on p red i c ted  s t r u c t u r e  p o t e n t i a l  i n  t h i s  more d e t a i l e d  
environment. 

The e lec t ron  temperatures used i n  t h i s  s imulat ion,  along w i t h  measured 
s t r u c t u r e  p o t e n t i a l s  ( f rom SC9 data)  and NASCAP r e s u l t s  f rom the  s imulat ion,  
are shown i n  f i g u r e  10. The dashed l i n e  i n d i c a t i n g  NASCAP1s p r e d i c t i o n s  
represents 125 t ime steps ranging i n  length  f rom a  few ten ths  o f  a  second 
(du r ing  periods of r a p i d  change) t o  20 seconds. du r ing  per iods o f  l i t t l e  
change i n  the  environment a t  spacecraf t  p o t e n t i a l .  The agreement between 
data  and p red i c t i ons  i s  be l ieved t o  be q u i t e  good. Since p re l im ina ry  
r e s u l t s  o f  inc lud ing  one t h i c k  Kapton and one t h i c k  Te f l on  c e l l  i n  t he  model 
i n d i c a t e  t h a t  t he  p red i c ted  s t r u c t u r e  p o t e n t i a l  i s  not  g r e a t l y  af fected,  
t h a t  approach i s  p resen t l y  being explored. 

SUMMARY OF RESULTS 

Generally good agreement was obtained between pred ic ted  and measured 
p o t e n t i  a1 s  o f  f 1  i g h t  measurement spots and base mater i  a1 s  and between 
pred ic ted  and measured cu r ren ts  f o r  ground t e s t  cond i t i ons  f o r  the  Kapton, 
Teflon, and S i O ?  t e s t  surfaces on the SCATHA SSPM. There were, however, 
some p e c u l i a r i t i e s  i n  t he  da ta  t h a t  were i d e n t i f i e d  du r ing  t h i s  study and 
t h a t  m e r i t  f u r t h e r  examination. 

The S C l - 3  Kapton sample data i n d i c a t e  t h a t  the  sample d i f f e r s  from the  
o the r  two Kapton samples. The e f f e c t i v e  capacitance o f  t he  SC1-3 
measurement spot r e l a t i v e  t o  t h a t  o f  the  base m a t e r i a l  i s  s i g n i f i c a n t l y  
l a r g e r  than those o f  the  SC1-1 and SC1-2 Kapton samples. Although i n  GkeV 
beam t e s t s  the base ma te r ia l  o f  a l l  th ree  Kapton samples appeared t o  respond 
s i m i l a r l y ,  i n  4-keV beam t e s t s  the  SC1-3 base m a t e r i a l  charged more s lowly  



and t o  lower e q u i l i b r i u m  p o t e n t i a l s  than t h e  o t h e r  two. The d i f f e r e n c e  i n  
e f f e c t i v e  capacitance r a t i o s  i s  not  surpr is ing ,  cons ider ing  sample 
cons t ruc t i on  to lerances,  and can be dea l t  w i t h  i n  a  s t ra igh t fo rward  manner 
i n  the modeling. The d i f f e r e n c e  i n  base m a t e r i a l  response i s  no t  
understood, however; and a t  present has no t  been accounted f o r  i n  t h e  models. 

The SC1-2 c u r r e n t  da ta  are about h a l f  o f  what i s  predic ted;  they are 
a l so  about h a l f  o f  what would be expected based on the  SC1-1 and SC1-3 
c u r r e n t  da ta  f o r  Kapton and the  r e l a t i v e  areas o f  i n s u l a t i o n .  

P r e d i c t i o n s  o f  p o t e n t i a l s  and cur ren ts  f o r  t he  SC1-3 Te f l on  sample were 
q u i t e  good when 0.0076 cent imeter  was used as the  m a t e r i a l  th ickness i ns tead  
o f  t h e  nominal 0.0127 cent imeter.  Comparing SC1-3 Te f l on  da ta  w i t h  da ta  on 
o t h e r  nomina l l y  0.0127-centimeter-thick T e f l o n  samples i nd i ca ted  t h a t  t he  
SC1-3 T e f l o n  sample charged more s lowly than p rev ious l y  t es ted  
0.0127-centimeter-thick samples. 

P r e d i c t i o n s  o f  f l i g h t  da ta  were found t o  be compl icated by t h e  f a c t  
t h a t  us ing  the  t h i c k  c e l l s  t o  represent t he  SSPM f l i g h t  measurement spots 
can have a  s i g n i f i c a n t  e f f e c t  on pred ic ted  spacecraf t  s t r u c t u r e  p o t e n t i a l  i n  
ec l ipse .  The magnitude o f  t h i s  e f f e c t  appears t o  depend on both t h e  
environment model employed and the number and p r o p e r t i e s  o f  t h i c k  spots 
included. A  "basel ineN run  f o r  a  model o f  SCATHA w i t h  no t h i c k  spots 
i n d i c a t e d  t h a t  NASCAP can p r e d i c t  observed spacecraf t  s t r u c t u r e  p o t e n t i a l s  
s a t i s f a c t o r i l y .  The i n v e s t i g a t i o n  o f  t h e  i n f l u e n c e  o f  environment 
s p e c i f i c a t i o n  and i n c l u s i o n  o f  t h i c k  surface m a t e r i a l s  i s  cont inu ing.  
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TABLE I. - SSPM SAMPLE MATERIALS SUMMARY 

I SSPM I 
u n i t  

M a t e r i a l s  

Aluminized Kapton (0.0127-cm nominal th ickness)  
Indium-oxide-coated o p t i c a l  s o l a r  r e f  l e c t o r s  (coa t ing  grounded) 
O p t i c a l  s o l a r  r e f  l e c t o r s  
Gold-coated magnesium p l a t e  ( f l o a t i n g )  

Aluminized Kapton (0.0127-cm nominal th ickness)  

Aluminized Kapton (0.0127-cm nominal th i ckness)  
S i  1 ver-Inconel-backed FEP T e f l o n  (0.0127-cm nominal th ickness)  
As t roquar tz  
Gold-flashed aluminized Kapton ( g o l d  grounded) 



TABLE 11. - MATERIAL PROPERTY PARAMETERS FROM SSPM GROUID STUDY 

Proper ty  

D i e l e c t r i c  constant  
Thickness o f  base mate r ia l .  m 
Conduct iv i ty ,  mholm 
Atomic number 
Maximum secondary y i e l d  f o r  

normally i n c i d e n t  pr imary 
e lect rons,  6, 

Pr imary energy f o r  maximum 
secondary y i e l d ,  Em 

rt > 

n2 J 
Secondary y i e l d  f o r  1-keV 

inc iden t  protonse, ap 
Primary proton energy f o r  

maximum power losse, Ep 
Photocurrente, ~ / m ~  
Surface r e s i s t i v i t y .  Q 
Spot-to-base th ickness 

r a t i o f  

M a t e r i a l  

SSPM u n i t  

Kapton 

SC1-1  and 
SC1-2 

~- ~ 

Tef lon 

aStandard NASCAP value i s  3.5. 

SC1-3 

b ~ o m i n a l  value i s  0.000127 cm. 
CBased on experimental data from SSPM tes ts .  
d~ l e c t r o n  range i s  def ined by 

R = rl~nl + rgn2 

SC 1-1 

where E i s  t h e  energy o f  t h e  pr imary e lec t ron .  
eStandard NASCAP proper t ies ,  no t  t e s t e d  f o r  i n  t h i s  study. 
f ~ o t  a NASCAP proper ty ;  represents th i ckness  r a t i o  o f  measurement Spot 

c e l l  to  base m a t e r i a l  and thus i n d i c a t e s  base-to-spot e f f e c t i v e  
capacitance. 
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Figure 1. - Satellite surface potential monitor units. 
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Figure 2 - SSPM flight measurement technique. 
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Figure 3. - Response of three Kapton samples - 6-keV beam. 
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Figure 4 - SC1-3 NASCAP model. 
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Figure 5. - Comparison d NASCAP predictions with data - 
surface voltages, 6-keV beam. 
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Figure 6, - Comparison of NASCAP predictions witti 
data - current,  bkeV beam. 
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Figure 7. - Comparison d NASCAP predictions with data - 
surface voltages, Kapton samples. 
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Figure 8. - Revised NASCAP one-grid SCAMA rodel. 
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Figure 9. - Effect d SSPM thick cells on predicted ground potential. 
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