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C. P. Pike

Space Ph y s i c s  D i v i s i on
Ai r  Force  Geop hys ics l . , t t , o  r i t ’  ry

Ha n s c o nt  A i r  Force h~t s e , M A  01731

S U M M A R Y  beconw im p or t a n t  in s y s tem s  en g i n e e r i n u ~.

A s~~mn ~a r v  of the problem of spacecraf t  I~ACKGR0CND
c h a r ~~in~ by the ambien t  space plasma environ-
~~~~~~ is p r e sen t e d .  Some results  of the Air  Ifl I ~~~~~~~ s c i en t i f i c  data f rom NA SA s

~ n ) r C C / N A S A  sp acec ra f t  c h a r g ing technology A T S-~’ s , t t i ’ l l i t i  su~ ee s I ed  t h a t  on occasion the
e ~.t i ~z a t i o n  a re  h ich l igh t ed .  Detail s of an veh i c l e  i s  i h a  r t ~ed n e i~a tiv e l y to t h o u s a r d s

A i r  F , ’r ~~e / N A S A  s p a c e c r a f t — e n v i r o n m e n t  of v o l t s  b y t h e  space  p l d s m a  e n v i ron m e n t .  1
in t e r a c t  ions t echno logy  i n ve s t i g a tio n  a re  p re —

sen t ed .  Th i s  inves t igat ion will develop an
e nvi r o n n : e n t a l  t e chno logy  base for  app l i c a t i o n  — 5000 —

to the development  of next-gene rat ion la rge
d imens ion , high power spacecraf t .

IN T R O D U C T I O N

.4 :~ \ i m por t an t  A i r  Force s y s t e m s  — — fo r  — 4000 —

iii: i~~ .i t i øns  • f o r  sit r v e i l l a n c e  , lu r na v i —
~~~~~ — — i  re s at e l  I i t t ’ —ba sed , and most  of

t~~e Sc a r~ in c eo s v nch r o n ou s  orbi t  for  n~axinn ,nt
e f f i c i e n cy .  At  the  alt i tude of geosynchronous
sa t e l lit e s  (about 42 , 100 km or 6. 6 ea r th  rad i i ) ,
a s a te l l it e  is f a r  above the dens i t y  v a r i a t i o n s
of t . e  sens ible  a tmosphe re , or the f luc tua t ion s ~~- 3OOO —

of t~~e ionosphere .  N e v e r t h e l e s s, there  a re  w
st i l l  pL~ s ical p locesses  and coupling niecha-
:~is ms  t~~at  i n v o l ve  th~ space radiat ion e n —
v i r , i~~,’nt , space plasmas , and electr ic  and
fl ac : t i t i c  ~ie lds  in space tha t  can in terac t  w it h
t I e  s at e l l i t e  and d i s t u r b  its operation. Gco-
p~~ s ical  r e se a r c h e r s  have a l ready  constructed -2000 —

f i r s t - o r d e r  models of the plasnias , par t ic les ,
and f ields  in space , and there  is ongoing R & D
a imed  at updat ing and improving the accuracy
of 1 :cs,  models.  Still t h e re  is much we do not

~ ci know about  t h e s e  processes .  One of the
p r o c e s s i~5 wh ich  is receiving considerable — 1000 —

at t e n t i o n  is  the plit ’non ~ena of spacecraf t
c h a r c i n i  and i t s  e f f ec t  on satellite systems
r e l i a t i i l i t ~ . In t h i s  paper , I will  descr ibe  the
pb e n i i t i i e n a  of spacec ra ft cha rging  and 8011W (11

r , s u I t s  Iron ,  t h e  R & D  inves t i ga t i on  di-
re ci 1 ’d at 5oIviI1i ~ t hi . ~ate1lit i ’  cha rg ing pr ob —
len . In .iddition , envi ronmenta l  technology 0 - ~~~ —

c ap s  i~htch  should be investigated prior to 00 10 2o 3~ 4~ 5~ ~o 7o
d -. 1 p n . ’nt of nest gene ration spacecraft

~~i l I  dj s c u~~~ed. These spacecraft are
e:~ . i sj oned  to be ph ys ica lly  large In dimen-

to use h igh  operating power levels, and Fig. I .  AveraL ’e  eclipse potentials
t i ~ p er f o r m  in space as computers. Because observed on ATS- (P)i ’1 _ l~~72)  and on ATS- ’.
of t a ~~se sys tem cha rac t e r i s t i c s, new ph y sical (197(i ) a re  plot ted  v e r s u s  K~~. the  t~eonia~~netic
p r o ce ss e s  in the env i ronment  will likely ac t iv i ty  lnde,c .
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The ATS-5 particle spectra revealed that the occurred , and some of these are very  likely
low energy  positive ion (electron) population due to the environment.  In 1976 , harness
is accelerated if the satellite is negatively noise detectors  were flown on the Communi-

(positivel y)charged with respect to the ambient cations Technology Satellite and , in 1978 , on
plasma . Th is produced a sharp cutoff in the the Orbital Te st Satellite to look for the
par t ic le  spectra immediately below the energy occur rence  of voltage transients  produced by
channel  corresponding to the satellite’ s poten. spacecraft  discharges. ~‘ The occurrence of
tial . Figure 1, derived from the ATS-5 t rans ien ts  in spacecraft  ha rnesses  appears to
par t ic le  spectra , is a plot of infer red ATS-5 occur randomly in local time. The existence
vo l t ages , recorded during eclipse , versus K~ , of multip le pulse t rans ien ts  in the ha rnesses
the geomagnetic activity index. 2 From indicates that discha rges on spacecraft  may
F igu r e  1, the eclipse potential is seen to be- often take the form of many  small d ischarges
con e inc reasingly negat ive as geomagnet ic r ather than a sing le , large d ischarge .
a c t iv i ty  increases.

THE PROBLEM
In 197 1 , Air  Force satellites operating at

geosynchronous altitudes began to display The phenomena of spa cecraft  charg ing
operating anomalies which included: 3 gain involves the comp lex interaction between a
cont rol logic switching, thermal  control satellite and the space plasma environment.
dei. r ad at ion , sensor data noise, erroneous Figure 2 dep icts this interact ion.  During a
opera t ion  of attitude control switching, and magne tospheric  substorm , the ambient
pokier  sys t ems  failure.  Since that  t imo , elect r on  and ion t emp e r a t u r e  at  ge o s y n —
ni a i i v  hood reds  of op er at i ng  anomal ies  have  e h ir u n o u s  a l t i t u d e s  inc rt ’a Sc by about a factor

~‘ j’i’ 
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Et~ . 2 .  The factor s  which in~~ucnce the absolute and c h i i f e r . n t i a l  e h a r L i n U  of a spat e ca l l
are sla o n schematical l y.
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of 4 for  periods o i l  to 2 hours. When sub- the earth in the ea r th’ s magnetic tail , and the
s torm s occur , satellites, wrapped in their pola r cusp, located on the dayside of the earth .
thermal  insulation blanket , become essentiall y The polar cusp is the reg ion throug h which
capaci tors  immersed in a hi gh temperature thern-t al ized solar wind plasma penetrates
plasma.  Secondary emission from electrons down to the 100 km height level near the mag-
and ions , photoelectron emission, and the netic poles of the earth. The plasma sheet
ambient  thermal plasma all contribute to the reg ion on the ni ghtside of the earth is the
sate l li te ’ s net potential. Anisotropies in the operating environment for geosynchronous
plasma sheath , crea ted by spin , velocit y, and satellites for about 12 hours each day. Most
shadowing ,  complicate the interaction and of the operating anomalies experienced by
i nf l u e nc e t h e  c h a rge  balance. Shadowing of the satellites , t ha t may be attributed to spacecraft
spacecra ft by the sun allows a hi gh negative charg ing, have occurred when spacecraft were
dif f eren t i a l  potent i a l  to develop be tween the in the plasmasheet .
d a r k  side of the spacecraf t  and the sunlit side
~~hi cI i  I : i s  a potent ia l  near zero. When suf- AFSC/NASA SPACECRAFT CHARGING
fi c i e nt  ~ o lt ac e  s t r e s s e s  occur , c u r r e n t  dis- INVESTIGATION

4 ch ~~~ s can  follow which produce elect ro mag—
net l ~ i n t er fe rence (EMI). The EM ! could cause Technology invo lving spacecraft  charging

i r c u i t  t t p s e t s  tha t  hav ’ been observed, is one of the many  interdependent research
areas  in aeronaut ic s and astronautics that are

i ’ .  . t ia: in t h e  ea r t h ’ s magnetosp here in coordinated by the Air  Force Sys tems  Command
r a f t  c h a rg ing is likel y to occu r (AF SC) and NASA Space R e s e a r c h  and Tech-

a r i sI .  b ii  i i i  l t , t t r e  3. TIit ’~~e reg ions include nology Review Group. NASA and DOD s t r ive
t h e  p l a y ’ . .  i - h . .  ~‘t , locat ed on the ni g ht side of to identif y t hese common tec hn ical p roble m s

~~~~.. . I .
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and then  ass ign  agency responsibility for pro- reduce the numbe r of pa rameters required to
vidim. the required technology. Spacecraft characte rize the plasma. For a MaxweUlan
charg ing is a five year investigation between particle distribution , the four moment s of the
AFSC s Director of Laboratories and NASA ’ s distribution function are:
Office of Aeronautics and Space Technology. 

<N . )  number densit y forA s teering committee incorporates NASA and species i (number/cm 3)
DOD requirements Into the investigation. Each
technology element of the investigation is <NF j ) = number fl ux for
ass igned to either NASA or the Air Force species i (number/cm 2 sec-s r)
u i t h  well defined accountability. Contractua l , ~~C E N .  1 energy density forand in-house e f for t s  are working on this 1 . 3

- species I (ev/cmii~~est 1gat 1on .  The goal of the spacecraft
ch a r g i n g  technology investigation is to protect (EF.) = energy flux for 2ou r  -,at e l l it e s  f rom the ha rmfu l effects of high species i (ev/cm se c — s r )
-
‘ ‘i t . ce ar c  di scha  rges .  The objectives of the

t - I i ~~a t i o n  a re  to develop the design crite- In Figure  4 t u e  actual electron distribution
r i~~, t e c h n i ques , and test method s to ensure function , the Maxwellian fit , and the two Max-

out  rd of absolute and diffe rential charging wellian fit are plotted. Neither exactl y fits
of sp i cec  raf t  surfaces .  Technology elements the distribution function but , of the two
cf  t h e  invest igation include: 1) a definit ion and approximations , the two Maxwellian fit gives a

pc~ if i ca t i on  of the space environm ent which much better representation of the actual die-
i n du c e s  the  cha rg ing ;  2) the development of tribution function.
.4 i . i  R t  t e a  I tool S to niodel the  in teract ions  he —

c i  the  e t iv i  ronnn ’nt and the spa ec raft ‘ ‘~ -‘-m~---— -t-~~~~~ ..~~ ~~~~~~~~~~~~ ‘‘‘ ‘ “ ‘ 9
s u r i i c s; 3) the development of ground faci l i—
t i s  to conduct mater ia l s  and systems evalua - 0~ ELECTRONS
t i o ns ;  4) the development of new or modified 

,
~~ s~is ‘

s pa c e c r a f t  mater ia ls  for charge control ; and 1°’ ~~~~~~~~~~~~~~~~~~~~~~~~

~) the  anal ysis  and interpretation of fli ght T T
i l a t a  in orde r to validate results of the anal yt -  (4 - -

i c I  tools and to cal ibrate  ground facilities.
i c  s ta tus  of the spacecraft  charging tech-
n 1 ~~~v h~~se will be summarized In the next
~ .t i on s  of the paper.

1:n ci ronmental Model 
, ,•~~ • , . . , f l . l  , . , .~~~~ . ~ .~~• ‘0’

At the Ai r Force Geophysics Laboratory, INEPSY ~~~
a st at i s t ical model of the geosynchronous
p l . is ina environment 2 ’ ~ has been developed Fig. 4. Actual Maxwelllan fit and 2 Max-
f r o n -  data  reco rded by the Univers i ty  of Call- wellian fit distribution functions for electrons
forn i . i  at San Diego plasma experiment on the measured from ATS-5.
AT S-~ and t satellites. The ATS-5 and 6 data
cons i s t s  of di f fe ren t i a l  count rates as a
fu n c t i o n  of time. The count rates were con-
vt ’r t e d  to d i f fe ren t ia l  fl ux spectra from which For a single Maxwellian plasma , the
the  t em p e r a t u r e  and currents  were determined, temperature  T(AVG) and T(RMS) are equal.

I ii , ’ en v i ron m e n t a l  model has been developed
Il i t  it could be app lied to calculations of That Is:

spa ~~e r a f t  potential. 2 ‘EN \T. (AVG) = ‘ ~~“ Tj
Data analysis indicated that the geosyn- T

ci r :, ’u s  plasma environment is , at the very 1 ~EF1)lea s t , composed of a two component Max- Tj (RMS) = ‘7 ~‘N~ 
T1 (2)

v e l l i i n  plasma.  In the environmental model , ~ I
tb1 plasma distr ibut ion Is assumed to be Max- Tj (AVG) = T~ (RMS) (3)
i , l lian  and isotrop ic. This was done to

5/4
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It , ho~.t  e r , the p lasma cons i s t s  of two or more the pl a sma  flux is d i rec t iona l , then the bite—
c o r up u~-n t s sue -h  a s  found at geosynchronous gr a l  of equation 7 would not be ~~ q < N F i )
- r b i t, t , .. i  (obse rvat ion s i n dic a t e  a co r rec t ion  fac to r  on

the order  of u n i t y )  - a factor that  should he
I. (AVG) L. ‘....~.i’ (4) ta ken into account in considering these results.

3 <Ni>
- T T For the environmental  model , the AT S-5- N 11 ~ 

+ N 21 2i and 6 di f ferent ia l  energy flux has been inte-Nil + N 2i gra ted to give the four moments  which were
ave raged over  10 minute in t e r v a l s .  The ATS-5T 1 t R M S )  = 1 <E F 1> (5) data for  the pa ral le l  and perpendicular

2 detectors  were  averaged together ,  This data
3 ’)  base of approximate l y 50 d ay s  of ATS-5 and

= N5. T1• + N T 
3/2  ATS-( plasma data form the model. T (AVG)2i ~~t anti T (RM S )  we re ca lcula ted  from these data .

N 11 T11
1
~~ + N 2i

‘~~ ICU~~~t NY ATI-S 05 *T1 5 050055410 ?IN~ 5aIVua( ?i.pts an s
“ i t1 ~ i t  i c a i r a l :  ~i;::: . ~~~

b , ( .A V G ) ~~ 11 (RMS)

i t s  r ep r  s en t s  a seriou s di lemma in def ining ~ s 
~ 

s . -
the  t e mp e r a t u r e .  A de f in i t i on  in te rm s of N~, “ 

-
‘ 

0
~~~~~~ Tj,  and T~ is to be prefer red  over T(AVG) 0 ‘ ‘ -

a -ci T (RM S.  Technically,  T(AVG) is the ~~ I 2 -

• p r e f e r  red def in i t ion  if a single temperature  is ° 

~~

5

~~~~~~~~~~

00 0 1 •o .s io °o~~~~~~~’~~
de~ i . ir ed .  For  use in sp acec ra f t  potential cal-

- - . . IS 14.017005 C J00051 4 7 5 - 4  0(707505 *15-5 StOOluJ a t t :~, it doe’s not necessar i l y gi ve the best 
• 

‘t~ ’ssa~uii ~~ N’$051uSi
st i r u at . - of the ’ potential  fo r  wh ich  T ( R M S )  m a y  so- ~~~ s~
c the u a ’z - e con5e r v a t iv c  es t imate .  Their 

~~ 
~~2S r ,, :

d i f f e r , ce is a ii i t ’asuri ’ of the deviat ion of the ,o
p la sn- ., f r o m  a s ingle  Maxwell ian .  Althoug h 5 5 .

A V ( ; t  and T( R M S )  do not provide an accu- ‘ f  
0

:~~,t e  ci. ’ Sc r ip t i on  of the  plasma , they a rt’ one : - 
~~

. -ap p r o a ch  to  d e f i n i ng  the  environment .  ~~~~~~ 
- 0 . 

- -
°o ~ 0 • a is - Oe a a a

1(5.0 4

Ti c u r ren t  to  th~ spacecraf t  (actually the
u r r er . t  per uni t  a r i a )  is the othe r quantity Fi g. ~~ . Statistics of the ATS-5 and 6os t  t t e n  required for potenta l calculations, electron and ion tempe rature and theI h:i cu r r e nt , .T~, can be de rived directl y from cur rent densi ty .t h e  4 : i . o n :e n t s.

• Fi gure’ 5 shows the occur rence  f requenc ies  of
= q• kr ..  ~ f v = (7) various values of 1 (AVG) ,  T(RMS),  and cu r -

• i 
JO rent  for  e l ec t rons  and ions f rom ATS- 5  and

A’I ’S—t . The d i s t r i b u t i o n s in F igure  5 can b.
~ q~ < N V 1 > (8) described in t e r m s  of s tandard statistical

distributions for data randoml y dist ributed
• 

u-he re around some mean (i.e. , eithe r a Poisson or
- unit  normal to area Gaussian distribution). Table I l ists  approxi-

mate averages and standa rd deviat ions for each
= cha rge  on species (coulombs) distribution.

J 4 cu r r en t  per un it  area (amps/cm 2 )
The most s igni f icant  feature of Figure 5 is

- 
‘ This  assumes  the pa rticle flux to be omni- the approximate factor of 2 increase between
- • directional. U, as is observed on occasion , T(AVG) and T(RMS). This can be interpreted

-5- 5/4
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T(AVG) in eV T(RMS) In eV 3 In n A/cm2

Electrons ATS-5 l~~00* 3480 + 2070 .045*
ATS-6 2290 ± 1800 5640 + 2700 .08*

ions Al’S-S 5030 ± 2010 8750 + 1860 0. 0043 +0 .0021
ATS-6 7880 ± 4900 16000 + 3400 0.0026 + 0.0012

-X/B
* Based on an exponential probability distribution where P (x) = ‘~~~- e . B

give n in Table.

Table 1. Average and Standard Deviations for T(AVG), T(RMS), and the Current for the
Geosynchronous Electron and Ion Plasma Populations Measured by ATS-5 and ATS-6. The
ATS-o data are provisional.

in t e r m s  of Ti and TZ if we assume the plasma spacecraft charging by magnetospheric sub-
to co nsist  of two separate components. storm plasmas has been prepared in the form
ATS - ’ mean value s of Ni, Ti, N2, and T2 for of a computer code called NASCAP6 (NASA
the e lec t rons  and ions were put into Equations Charging Analyzer Program). NASCAP was
4 ant I ~ to calculate T(AVG) and T(RMS): developed by Systems, Science and Software ,

- - Inc. under NASA and Air  Force sponsorship.
c :  N 1 0.8 3/cm 3 ‘) The NASCAP code was developed to compute

T = 500 eV I from Poisson ’ s equation the voltage distribu-
1 

~ 
(
~ 

T(AVG) = 1435 eV tions on and around spacecraft due to the
N 2 = 0.17/cm 

~ T(RMS) = 2780 eV charging environment. The NASCAP code
6000 eV J performs a dynamic, fully three-dimensional

simulation of electrostatic charg ing processes

1+: Nl = 0. 5/cm 3 ~ for an object in space or In a ground test
I chambe r environment. in particular, the

TI = 100 eV 
1 ’ I A Y t i~~ t - 

code predicts surface potentials on spacecraft;
- e identifies high-field areas of possible dis-

• N 2 =  0.5/cm 3
I T(RMS ) = 8150 eV charge sites; predicts response to environ-

T2 = 9000 eV ,) mental charge; predicts and Interprets pa r-
ticle detector response and assesse s the

These results are in agreement with Table effects of pa rticle emission from active con-
1 and o ffer  a clear example of the effect that trot devices. In the code the spacecraft is
two or more plasma populations have in represented by a finite element method , each
l imit ing the use fu lness  of a definition of the element being a cube or a slice of a cube.
plasma in terms of a single Maxwellian distri- Figure 6 shows the SCATHA satellite as repro-
button. Another obvious feature Is the near- sented by the code. The computations are
doubling of the electron and ion temperatures performed in nested meshe s, with an inner
from 1969 and 1970 (ATS-5 data) to 1974 and mesh size of 16,c16x32 cells. Each successive

• 
• 

lQ7t (ATS-6 data). The electron current also mesh has double the mesh spacing, and as
doub les while the ion current actually many as seven meshes have been employed.
decreases between ATS-5 and ATS-6. It Is A d ifferent material may be •pecified for each
not possible to say with certainty how much of element surface, so that p roperties such as
this effect Is due to orbital differences between secondary emission, backscatter ing, photo-
ATS-5 and ATS-6. It appears likely, however, emission and conductivity may be taken into
that a change in geomagnetic activity between account for each cell. Figure 6 is an illus-
the ATS-5 and ATS-6 data is the primary cause. tration of material specification for the

SCATHA satellite surface, showing how

~ ASCAP: A Satellite Charging Analyzer detailed a representation for different
Program materials can be obtained. The surface reso-

lution of spacecraft detail i. about 10 cm.
A theoretical description of the process of Figure ? shows a calculation of potential con-

5/4 -6-
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the SCA TIIA satellite. Booms are shown on - - I -

t he sides and the te lemetry  antenna is shown 
5 — -

on the top of SCATHA. 
• —300 ~~

r i * : I ~~~~~ : - . , ~~~~ —

tours  in a vert ical  plane through the center of
SCATL I A at 1 millisecond after the start of a
substorni .  The code calculates particle tra-
jectories in the se sheath fields as well. The Fig. 7. Potential contours in volts calcu-

N A S C A P  app lication to SCATHA has resulted lated for the SCATHA satellite from NASCAP.

in th~ most advanced satellite charging code
available.  It will be extensively employed in

• the anal ysis of spacecraft charging and active logued. The discharge characteristics are

contro l of satellite systems, for studies of currently being evaluated with the goal of

• contaminat ion , and for  the a nalysis of th e determining the discharge threshold and

response  of pa rticle detectors on mission and energy content for va rious insulator areas and

sc ien t i f i c  spacecraft ( see Figure 8). configurations. These studies will continue
to build toward a spacecraft size configuration

Simulation Facilities for comparison with flight results. The
ground simulation facilities have been used to

At NASA Lewis Research Center, simu- obtain data to support projecti such as

j la tion fac i l i t ies  have been developed to deter- SCATHA , TDRSS , Jup iter Orbiter Probe , and

min e the  ch a rg ing and discharging character- LDEF experiments.
I sti cs of insulators subjected to substorm
fluxes. ‘~ The charg ing characteristics of a
wide var iety of insulators have been cata-
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d e p t h s  wIth in  d ie lec t r ics, several  nu l i ime ter s
L ~~~ ~~SCt~~ fl 

~~~ in some situations; under these conditions we
1 ~A Cur r .at can use macroscopic material properties toS.t .flit. % +1 Sly 

-calculate the internal  fields and cu r r en t s  inI — 0. 1 ~ias s
dielectrics. The important macroscopic pro-

___________________-— pert ies  include photoconductivity,  radiation
t ranspor t , radiation induced conductivity,

__________ 
da r k conductovity, dielectric consta n t , field

and field induced breakdown.  It t u r n s  out that
bu lk macroscopic fields are likel y to exceed

- 
S ~~~ V/cm (b y as much as two o rde r s  of mag-

/ 
- nitude)in  m a n y  good die lect r ics  un der  electron

.. or photon i r r ad i a t ion  above £0 k eV per quanta .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ dependent conduct iv i ty ,  secondary emiss ion

- Calculations8’9 and experiment2 ’ in~ ie- aie

- - ~
‘/ ‘ that  the probabili ty for the bulk electric field

“ • . -..
~~~

_ ._- . / /  • exceeding b reakdown potential is strongl y
I j ~ ~I ~ ~~~~~~~~~~~~ / ‘ I’  depend:nt on each :ne of the propertt ( :

I • .\‘ ‘v \‘ -
- s .. 

~~~~~~~
. i I dielectrics prope rt ies , or in the dielectric

geomet ry  can s t rong ly influence the e lec t r ic
l i . . 8. N ASCAP calculation of an elet - field magni tude . The temporal  h is tory  of the

I r on  he . im , emit t ed  from SCATII A, i l i l ping ing  ir r a d i a t ion  spectra m ay  also be important .
b a c k  C~~-. th e ’ spacecraf t  In any case , la rge field s will almost a lways

be presen t  wi th in  most spaceborne d ie l ec t r i c s
and the possibility of spontaneous d i scha rge

M a t c r i ~~ls  D.’vo lopmcnt  or external l y t r i ggered dielectr ic  d i sch a r i ~e
is la rge .

u n , ’ • cc st~ l)le silica fabr ic  type the rm al
C i . ’ r i  C.I •~ine . developed under AF Mate r ia l s
L . i  • r~~t I r \  sponsorsh i p have bcc~ fo und to

•a in h i  r e n t l y low susceptibi l i ty to
ci .  ~r . n in the s y n c h r o n o u s  orbit  env i ronment .

~- n~a tcr i a l s  arc  finding application on
DSC~’ III .

in, s ta b l e  t r a n sp a r e n t  conductive an t i— 0; s t S

s t~~ 1i C  5 ,) n 4 .’c 4 .’ r . i f t  c h a r g i n g  control  coatings 
~~o~~s

• - ~ ‘ .‘n developed suitable for application •~ 4,
— to  r h .  t n t -m in I  b l ank e t s , second surface  2 

~,v CLECTRON S 500n~~r r o r s , s o l nr  cell covers  and other dielec— ‘ o.~ TEFLON
t ri~ ~ t c  r i . ils  found on the exter ior  surfaces  — s
• f  s ; .  Ce c r 1  f t .  These th in indium and indium — _________

t i n  • - ‘. ide  in .~t i n g s  are  appl ied u sing vacuum -,
~l~’p — i t  i~~n t e c h n i que s. The coatings a rt’ stable
in t h c  synchronous orbit environment.  Coat-

• i ’ t i I i t .  .~t ion  .ind clevelopnient of stable — I t  -

• i i n c  t e chn i que s are  now underway. ,~~$ i i i

0 05 40 II 50 53 30
- .. . 0(PTN IN DICL (CTNI C . co’• ; ;. , in,.. ;- ic ids Within  Dielectrics

he Rome Air  Development Center ,
Deputy for Elect ronics  Technology and the AF Fig. 9. ElectrIc field s in teflon after

‘ P .  \V ca p s n ’ -  L~iborat o ry  are investigating charge various irradiation times by l0~~ amps cm ’2 .
k buildup in die lec t r i cs ,  Space radiation is of

high enough energy to penetrate to significant

• 
-8-
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An example of calculated electric fields is cess , and to evaluate correct ive techni ques.
shown in Figure  9. These fields are caused The SCATIIA satellite is part of the Space Test
by elec t ron  i r radiat ion of a . 3  cm thick sheet Program mange ’d b y SA MSO. 13 Mar t in  M a r t -
of t e f l on , initiall y field free , by a conti nuous ctta was  the p r ime  spacecaft  contractor.

b road beam of electrons beg inning at zero Launch was on a DELTA 2914 from the
s eco n ds .  Lower  energy electron s create Eastern Test Range  on 30 Janua ry  1 979.
s i m i l a r  e f fec t s , bu t their space charge fields SCATIIA has an equator ia l  orbit wi th  an apocee
are - l a r L e  over smaller depths . of 7. 7 ea r th  radi i  and perigee of ~~ . 5 earth

radii and dr i f t s easterl y at (~ deg ree/day.
At t~. c A i r  Force  Weapons Labora tory ,  a

p r o c r t r i . is d i r ec t ed  at investiga t ing  the e f f ec t s  ~~~~ t h i r t e e n  expe r imen t s I) fl SCATI -IA (see

s f  a ~ ~t e m s  tz. ii , - r ated electromagnetic pulse Table ~ ) a rc  provided b y Ai r  Force ’ , Navy,

on ~ i i  s - L e t  r i ca l I~ charged satel l i te .  Anot her NASA , i)c fen s t ’ N u c l e ar  A g e n c y ,  i n d u s t r y  and

love ~~~i~~ . i t c s  the  ch ar g e  buildup on a satellite, u n i v e r s i t y  groups .  There  a rc  e ng i ne er i n g

~e hi~~h • ‘~-c n  r s a f t e ’ r a h igh a l t i tud e detonation , ex p er t t i i t ’n t  s to m e a s u r e  su r face  potent ia ls  and
.,n d th ~ 5 h ar c e -  breakdown processes .  t i te e lec t r i c a l  e f f e c t s  of spacec ra f t  c h a r g ing on

satellite- su r f ace  and subsys te ln  s. Environ-

S C A T H \  m ent a l  expe r i m e n t s  will measu re  the charac-
te r i s t i c  fi e lds anti  pa rt icle f luxes . An e lec t ron

l i . • - S C A T I L • \  (~ p acecra f t  Charg ing at Hi gh be~am s y s tem  and  a posit ive beam ~ v s t e - m  a r e

A l t  i t  u~~ -I ~~ t o i i  i t t’ (see F igure  10) is an inte  — 
being used to develop techni ques to n ’. t ive l y

c r 11,  d 5.1 t e l  I l t e  • \pe ri~uent  t h a t  is being used coot red sp . is - .-e r i  It ( I I . ,  r e i n  e. ‘1 be i~ e in e - e  r t n ~i,

5 f l i e , I  mc t i n ’ eLi racte  ri st ics of the space — 
e-nvt  r i s n h l l e I l t a l  an d II ~ rge  cont rol c spe r in i . -n t s

c r- . ft • ha r~ inc  p I~ -nornenoll , to dete rmine the were  selected to work  in concer t  and • t h u s ,

:~~~p ns- s -  of t h ’  satel l i te’ to the c h a r g ing pro- re la te  caust ~ and ef fect  in s p a c e c r a f t  c h a rg i n g .

—~~~~~~~~~~~~~

_ _ _  I_ _  ..
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Fig. 10. SCATI IA . - , t i I I i i .
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- - -———--— -  :i ct ions  be tween  sp~*ce s vc t e r n  and the space

- ~~~
-  

~~
_ _

~~ ~~~~~~ - _____ • ‘n v i r on t n e n t  in which  they  operate.  Program
• • ~~-—— ~~~ ‘—~~~

—
~~ 

~~~~~~~~~ ~:‘ 
emp hasis  will  be to develop t echno logy  sup-

~~~~~ ~~~~~~~~~~~~~~ p o r t i n g  space sy s t ems  that  v.111 be composed
s i t  l a rg e  d it s i ens ion  s a t e l l it e s  which operate at

• usgs s.. ,. • •• S - 4 l~ •~*..b S ‘ • • • -
i’— —-—- 

~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~ h i gh  po~ee , r levei~~. The geo ph y s i c a l  e nv ir o n-

- 

~~~~~~~ 
~~~~~~~~~~~~~~~~~ i t ’ l l , i n c lu d i n g  t i e  uppe r a tm o sp h e r e  and

-- • ~~~~~~~~~~~~~~~~~~~ • rN~~:, is r ecogn ized  as a s i g n i f i c a n t  Cofl i
P.S... U.a,AflC l.a, d. 51401711 -

• - .~~~~ ••~~ ~~~~~~~ •. 
l u ( ’i ’e h I t  in the deve) opuient  and ape rat  ion of

i*M~sr~ l . , 4. 514057’, s . T s t e l l i t e  sy s t e m s . Caps cxi  st , h ow e v e r  in- I . . % • L  5~ 0. .l 4.~ 0. 5 C. 0fl5.0.W NASA M..14•II .. FUnk, •
t:.~55 t l i . - t i - . l r o n n s ( -n t a l  t e c l ~nolog~’ ha c~ tha t  v . t l l  be

~~~~~~~~~ to supr ,or t  h i .  P DTs.-E  of t h e s e  t - e ”~
F5~~ Al. 5405 110 S5~~ 5$ “~ ~~ ~

5 l i e ’  S c  I c h s n o I ’ I L  -. g a p : ’  ncl ’td s k i io v -  —

. 
~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~ iedi~ of the ph ysical  mechanisms  w hi ch  regu-
la te  t h e  coupling between the environment  and
the spacecraf t ; also , knowledge of the e x t e n t

- •  ,•. .~~~.. ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ to which  the e n v i r o n m e n t  is impacted by the
opt ration of t he se  spacecraft  R e s e a r c h  and

j
t r nc s sr .i. ~~~~~~~~~~~~~~ 

‘
~~~~ 

-
~ develup is -sent , address ing these techx -iology gaps ,

is on impor tan t  new direct ion for  environ-
- m e n t a l  t echno logy  p rog rams .T , s~~le ~ . Princ ipa l  Inves tiga to r s/S ponsors

V, i th t h e’ a v a i l a b i l i ty  of the Space T r a n s —
S , t ~ h i t . -  l) .’s i c n  Guideline s and Test  Spec i — p or t a t i on  Sys tem , f u t u r e  miss ion  s a t e l l i t e s
fi ~ ~~ will l ikel y u t i l iz e  hi gh power , be s t ruc tu ra lly

coit ip lex , and p e r f o r m  as compute r s  in space .
N -\SA Lev is  Resea rch  Center , in con-  T u e  Space env i ronm en t  could a f f e c t  t hese

~e t i on  ~e i th  Science App licat ions Inc. has sa te l l i t es  by l i m i tin g  the app l ica t ion  of on-
• sn . p ict ed  a comprehensive ~~~~~~~ of space- o rb i t  cons t ruc t ion  technique s , and the use of

c r a f t  char insz investigations. ‘ This infor -  l a r g e  space s t r u c t u r e s ;  by l im i t i ng  the powe r
r , s t i n i l  is assembled into a desi gn guidel ines l eve l s  ob ta ined  f ron i  so la r  a r r ay s ;  and by
o ssi cr a p h. It s um ma r ic t s the c u r re n t  state l im i t i ng  t h e  power levels  used iii  r a d a r  and

knowled ge of the techniques that should be c on i o t i u n i c a t i o n s  amp l i f i e r  tubes .  A re la ted
i nc o r p o r a t e d  to minimize spacecraf t  charg ing  prob lem a rca will  be to iden t i f y the extent  to
e f f e c t s , our knowledge of the charg ing en- which the space Cflvironf l icnt  i t sel f  coul d be

~ i r on i n e nt , and the status of anal y tic modeling modified by the on -o rb i t  opera t ion  of these
of c i . ar g ing .  l a r g e  space s t ruc tu re s .  Specif ical l y, w e  need

to assess  to what  extent  the  n a t u r a l  pa r t ic le
Th e  A i r  Force ’ s Space and Missile Sys- and f i e ld  environment  could i.e modified as a

te f l i s  O rg an iz a t i o n  and Science Applications la r i t e -d it n e n s ion  satel l i te , emp loy ing hi gh
l~~c. have’ prepa red the baseline document for powe r , o r b i t s  the e a r t h.  (Th i s  l a t t e r  problem ’
a Spacecraf t  Charg ing Mili tary Standard, 16 a rea  is the space equ iva l en t  of an environ-
1 his  document contains detai ls  of a spacecraft  h i i en t a l  impact assess ! i it ’n t :- . l3oth of these
c~ - . ir g ing  pr otect ion p rogram including d cc- p r ob lem a r ea s  wil l  r equ i re  major  ex t ens ions

n eal s y s t e m s, mate rials , and contaminat ion;  of the ’ p r e s e n t  state of knowled ge of the mag-
s~ st i i i i S anal ysis  requi rements ;  and systems fletosp her ic  pl a s m a , pa rticle and field env i ron —
t e s t  r equir emen t s .  This baseline document ment  inc luding var ious  plasma , p a r t i c l e , and

~e t l i  hi ’ iorn ia l i~~t’d into a Mi l i t a ry  Standard field models. Both low ear th  orbi t  (LEO) and
a l t e r co mpletion of the anal ysis and interpre - geosynchronous  ea r th  orbit (CEO) situations
ta t ion  of the SCATHA data, must  be studied In orde r to construct space

envi ronment models as the basis  for identi-
SPACECRAFT ENVIRONMENT f y ing, de fining,  and ph ysicall y character izing
IN TERACTIONS TECHNOLOGY the vi r lous processes and coup ling mechani sms

by whic h the space envi ronme nt could act to
A new interdependent technology program limit on-orbit  deployment , operabili ty,  melt-

between the Air Force and NASA Is jus t be- abi l i ty ,  and survivabi l i ty  of la rge  structure s
g inning. The program will address the inter- in space.
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A pr ime mot iva t ion  for the in i t i a t ion  of th i s  5. Ga r ret t , Henry  B. AFGL-TR-77 .O288 ,
fle-\ ’. in te rdependent  technology program is to Air  Force surveys  in Geophysics, No. 380 .
avoid i repeat of the “spacecra f t  charg ing tech-  AFGL , Hanscom A FB , MA 0173 1, 1977.
no 1og~ ~ .p. ‘ The problc~i s nf sp a c ec r a f t
:1-,ar ~, i n g  v i s  i ne ’~ p eC1e d a i d  \ a . 3  onl y i t  

~~~~
- 6 . Katz , E. , D. E. Pa rks , M. S. :e’landell ,

n i ,~ ’d a f t e r  u, n ; , . e - c a - i - ’  s a te l l i t e s  w e r e  e> ~ ’~ r i -  3. M. Harvey ,  S. S. Wang,  and 3. C. Roche ,
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Once the  ch a r L i n ~ pr ob le s t0  w a s  recognized .
then  an in tens ive  R & D  program was init iated.  7. Stevens , N. 3. , Carolyn K. Purvi s, and
Th e  l e a d  t im e  requ i red  fo r  gene rating Space- John V. Staskta s , IEEE Trans .  Nuc. Sci. ,
er ,o i !  ~ h ar e in g  technology is many years .  NS-25 ,  1304 , 1978.
In t e r i : : e n ~~i nc e  r ing  fixe s for spacec raft
c h i  r c i n ~ have’ onl y been pa r t i a l l y success fu l . 8. F rede r i ckson, A. R.  , IEEE Trans .  , Nuc .
En F Y S 1 , f i n a l  r e s u l t s  of the  AFSC/NASA Set. , NS- 22 ,  2556 , 1975.
Sp i c e - c r a f t  C ha r g ing Technology  P rog ram ~ind
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v i i i  d eve lop  h ’  new t echno logy  tha t  will  suppo rt ( M a r c h 1974 , t r ans l a t ion  of A m e r i c a n  Ins t i tu te
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