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ABSTRACT ,i 

Large Space Systems (L&) comprise a new a?.?t.ss of spacecraft ,  t h e  design 
and performance of which may be seri.nxsly a f fec ted  by a v a r i e t y  of environ- 
mental in te rac t ions .  

I n  addi t ion  t o  dimensions which a r e  orders  of a magnitude l a r g e r  than 
those of conventional spacecraft ,  most LSS a r e  characterized by low densi ty  
s t r u c t w e s ,  extensive d i d e c t r i c  surfaces and composite s t r u c t u r a l  elements. 
Many LSS ' a l s o  requ i re  mult iki lowatt  or. megawatt power systems, which might op- 
e r a t e  at  mul t ik i lovol t  l e v e l s .  Perhaps most s ign i f i can t  i s  t h a t  most of these  
advanced systems must operate e f f i c i e n t l y  f o r  1 0  t o  30 years with l i t t l e  o r  no 
maintenance. 

This paper addresses t h e  spec ia l  concerns associated with spacecraft  
charging and plasma in te rac t ions  from t h e  LSS designer 's  viewpoint. Survivabil- 
i t y  of these  systems under combined so la r  U.V., p a r t i c l e  r ad ia t ion  and repeated 
e l e c t r i c a l  discharges i s  of primary importance. Additional quest ions regard 
t h e  character  of e l e c t r i c a l  discharges over very l a r g e  areas ,  t h e  e f f e c t s  of 
high current/voltage systems and magnitude of induced s t r u c t u r a l  disturbances. 

Incorporation of l a r g e  sca le  charge con t ro l s  and complicated e l e c t r i c a l  
and s t r u c t u r a l  in te rac t ions  could impose d i f f i c u l t  design requirements and have 
a major impact on LSS cos t s .  Worst-case est imates a r e  made, and poss ib le  de- 
sign/performance impacts assessed f o r  LSS environmental in te rac t ions  of major 
concern. 

A concept i s  described ?or a l a r g e  sca le  experiment ple.tform which u t i -  
l i z e s  space s t r u c t u r e  demonstration a r t i c l e s  present ly  under study by t h e  A i r  
Force and NASA. These platforms could provide severa l  thousand square meters 
of t e s t  a rea ,  with maximum dimensions up t o  one kilometer. 

Accelerated che,rge/discharge, induced avalanche and plasma power l o s s  
experiments might be configured f o r  low e a r t h  o r b i t ,  and t h e  f ree-f lyer  t e s t  
platform re t r i eved  a f t e r  severa l  months f o r  analys is  of combined environmental 
e f f e c t s .  Additional instrumentation could be i n s t a l l e d ,  t h e  platform boosted 
t o  geosynchronous o r b i t  t o  measure l a r g e  sca le  plasma c h a r a c t e r i s t i c s  and space- 
c r a f t  in te rac t ions ,  and t e s t  samples re t r i eved  with a manned o r b i t  t r a n s f e r  
vehicle a f t e r  long-term exposure. 

INTRODUCTION 

The Space Shu t t l e  w i l l  open a new e r a  of space t r anspor ta t ion  i n  t h e  e a r l y  
1980's. A multitude of long durat ion,  complex, multifunction missions w i l l  be 
possible with t h e  unique c a p a b i l i t i e s  of t h e  S?ace Transportation System (STS). 
Many of t h e  advanced missions considered f o r  t h e  r z x t  two decades w i l l  require  
t~ new generation of spacecraf t ,  ca l l ed  Large Space Systems (LSS). 



Some of t he  LSS concepts, devised far  a var ie ty  of applications,  s e  
i l l u s t r a t e d  i n  Figure 1. The LSS of the 1980's w i l l  be orders of magnitude 
l a?@-  than anjrthibg launched t o  date. Most w i l l  be constructed i n  space 
usin$ materials  and suppoPt machinery transported. by the  STS, By the  1990'8, 
much la rger  Solar Pow& System demonstration articles, second o r  t h i r d  gener- 
a t ion LSS, might be flown. 

Although deeigned for  s, wide var ie ty  of missions, t he  basic characteris-  
t i c s  of most umafihed LSS a re  qui te  similar.  Spaceborne radars, commuriication 
and sc i en t i f i c  platforms and solar  power demonstration a r t i c l e s  a r e  large,  low 
derisity s t ructures  which gerlerally make extensive use of d i e l ec t r i c  and com- 
posi te  matsrials .  Exposed surface areas  fo r  these systems range from thousands 
t o  mill ions of square meters. Also, several  missions require  multikilowatt t o  
megawatt e l e c t r i c a l  power sources and could operate a t  multikilovolt  levels .  

Numerous ana ly t ica l ,  manufacturing and t e s t  nhethods must be developed t o  
deal  with these huge s t ructures ,  high power and voltage l eve l s  and novel con- 
s t ruc t ion  &nd deployment techniques. One of the  greates t  challenges facing 
the  LSS designer, nowever, i s  t o  achieve a r e l i av l e ,  e f f i c i en t  system which can 
survive the  space environment, with l i t t l e  o r  no maintenance f o r  10  t o  30 years. 

The need fo r  long-term environmental e f f ec t s  data  on LSS candidate mate- 
r i a l s  i s  w e l l  known. Some laboratory t e s t s  have already begun and f l i g h t  ex- 
periments (SCATHA, LDEF) a r e  scheduled fo r  t he  l ~ e a r  future.  The compounding 
e f f ec t s  of e l ec t ro s t a t i c  charging and lepeated e l e c t r i c a l  discharges on mate- 
rials and components and s t ruc tura l  and e l e c t r i c a l  in teract ions  with t he  space 
plasma could have a serious impact on t h e  design, performance and economic 
v i a b i l i t y  of many LSS. 

A program was i n i t i a t e d  by Grumman l a s t  year t o  assess  the  impact of envi- 
ronmental intePactions on the  LSS under study. This combined engineering/re- 
search e f f o r t  includes modeling of coupling mechanisms, iden t i f i ca t ion  a f  most 
probable t rouble  spots, nominal and worst-case estimates of environmental ef- 
f ec t s  and a l te rna te  design approaches t o  minimize o r  eliminate'  damaging e f fec t s .  
Some of the  r e s u l t s  of these s tudies  a r e  described below. 

DESCRIPTION OF-TYPICAL LARGE SPACE SYSPEMS 

Several LSS Brograms have been conducted by Grumman during t he  past  few 
years. Conceptual and preliminary designs have been developed f o r  m l a r  power 
s a t e l l i t e s ,  space s ta t ions ,  space-based radars,  multifunction communication and 
surveil lance platforms, space construction platforms and la rge  space s t ructure  
' - -ws t r a t i on  a r t i c l e s .  Two such systems, deaigned for  widely d i f fe ren t  m i s -  
s , m s ,  a r e  the  Space Rased Radar (SBR) and Solar Power S a t e l l i t e  (SPS) Demon- 
s t r a t i on  Article.  

SBR 

The ~ e n e r s l  arrangement of a typ ica l  SBR is shown i n  Figure 2. This sya- 
tem emplcys a unique, iieployable wire wheel antenna which can be stowed i n  and 
deployed from the  shu t t l e  i n  diameters up t o  300 meters. 



The a n t e n n ~  l e  attached t o  and supported by a drum t h a t  I s  t h e  basic s t ruc-  
t u r e  at t h e  %swer end, This drum a l s o  provide8 mounting surfaces f o r  commu- 
nica t ions  antennas, t h e  lower systems package (LSP), t h e  lower at t i tude control  
t h r u s t e r s  and t h e  mast can i s te r .  Attached t o  t h e  upper end of a deployable 
mast i s  t h e  upper systems package (USP) which provides mounting surfaces  f o r  
t h e  antenna feed, upper t h r u s t e r s  and s o l a r  o r  nuclear power source. 

The phased-array antenna i s  supported by et graphite/epoxy compression r i m  
assembly which, i n  tu rn ,  i s  supported by spring-tensioned fore  and a f t  s t ays  
(eraphLte/epoxy s t r i p s ) .  The phased-array antenna is made of  gore panel assen- 
b l i e s  t h a t  l i e  i n  t h e  plane of t h e  r i m  and a r e  spring-tensioned between t h e  - i m  
and drum. The compression r i m  assembly i s  a polygon composed of th inwal l  tubes; 
t h e  number and length  depends on t h e  deployed diameter. 

( The t r i angu la r  antenna a r r a y  gore assemblies, shown i n  Figure 3, a r e  made 
i n  sec t ions  and spl iced together by c i rcumferent ia l  mini-hinged beams t h a t  pro- 
vide t h e  required i n t e r l a y e r  spacing. For t h e  space-fed phased ar ray ,  t h e  
t r i p l e  l ayer  panels  cons i s t  of ground-side and feed-side antenna planes located  
one quar ter  wave-length f r m  t h e  ground plane. 

The antenna planes cons i s t  of frame-mounted subarrays shown i n  Figure 4. 
The frames a r e  assembled edge-to-edge i n  an axisymmetric a r r a y  of  rows and 
columns within t h e  bounds of t h e  gore sect ion.  Each frame i s  a sq.Jare s t ruc tu re  
made of 2.5 m i l  aluminum. The sub-arrays, d ipoles  an6 feed l i n e s  a r e  made of 
0.25 m i l  copper, on 1 m i l  H-film substrate.  

The ground plane cons i s t s  of a 2..5 m i l  pierced aluminum sheet.  The re-  
s u l t i n g  mesh sect ions  a r e  bounded by r a d i a l  edge t apes  and reinforced with 
t ransverse  aluminum battens.  

Sol id  s t a t e  RF ampl i f iers  and d i g i t a l  e l ec t ron ics  a r e  mounted on t h e  
ground plane. These are powered from upper and lower antenna planes a t  4-180 
vdc and -10 vdc respect ively .  The e l e c t r i c a l  network, d i s t r i b u t e d  t1xrou;;hout 
t h e  antenna, c a r r i e s  about 90% of t h e  t o t a l  generated power t o  s e v e r ~ l  hundred 
thousand e lec t ron ic  modules. 

A l l  antenna and ground plane surfaces may be covered with a thermal con- 
t r o l  coating t o  minimize temperature gradients  throughout t h e  array.  E2ec- 
t r i c a l l y  conductive coatings could be used on t h e  ground plane, but  no2-con- 
ductive coatings would be used on t h e  antenna planes t o  permit proper cpera t ioa  
of t h e  dipoles.  

The LSP drum i s  fa'bricated of aluminum s l l o y  i n  a t h i n  skin ,  c y l i n d r i c a l  
configurat ion.  The USP is a l s o  fabr ica ted  of aluminum al loy.  The nuclear 
r eac to r  mast o r  s o l a r  a r ray  support s t r u c t u r e  (with d r ive  motors) mounts t o  t h e  
upper frame of t h e  USP. Up t o  100 ki lowat ts  of power i s  provided t o  t h e  sub- 
systems and phased a r ray  modules. 

Depending on ~ y s t e m  s i z e ,  J e t  o r  ion t h r u s t e r s  a r e  used f o r  a t t i t u d e  con- 
trol.. Thrusters  mounted on t h e  LSP provide stationkeeping, r o l l  caontrol, and 



part  of the  pi tch and yaw control. Additional th rus te rs  a r e  mounted on the 
USP t o  complete pi tch and yaw control. 

Active 3r passive versions of the  deployable wire wheel arltenna can be 
used for  many different  missions. Grumman has emph8sized the phased array 
approach f c r  SBR, and detai led lightweight gore designs and models have been 
developed for  these systems. Reflector and bootlace lehs  antennas have alao 
been designed fo r  radiometry and c m u n i c a t i o n s  systems. 

SPS Demonstration Art ic le  

Feas ib i l i ty  and concepti~al design stu6ies conducted over the  past  few 
years have shown t h a t  the  SPS i s  an a t t r ac t ive  power source a l te rna t ive  for  
the  twenty first century. Further technology developmerit is  being ehcouraged, 
and it i s  l i k e l y  t ha t  some form of SPS technology ver i f icat ion spacecraft w i l l  
be flown ixl the  1990's. 

The r e l a t i ve  scales  of these SPS t e s t  a r t i c l e s  can be appreciated from 
Figure 5. Here, some of the  growth poss ib i l i t i e s  leading t o  the  full-scale SPS 
a re  i l l u s t r a t ed .  Note t h a t  even modestly sized demonstrations syetems a re  from 
ten  t o  several hundred times larger  than t h e  la rges t  photovoltaic system pree- 
en t ly  being considered fo r  the  ear ly  1980's - - a 50 kilowatt array for  t he  
LEO power module, 

Several photovoltaic SPS concepts a r e  being studied including planar and 
concentrator arrays,  s i l icon,  gallium arsenide and other solar  cel lb .  The 
otructural  arrangement of a typical  concentrator SPS i s  shown i n  Figure 6. - 

Solar c e l l  blanket and concentrator support t russes  a r e  of aluminum o r  com- 
posi te  material, constructed from smaller, one-meter beams which a re  auto- I 

matically fabricated i n  space. The s lo t t ed  waveguide antenna i s  made of d u m i -  
num o r  metallized composites and includes..thousands or  mill ions o r  LIC-RP con- , 
verters .  

Cross sections of advanced solar  c e l l  blankets which might be used for  
the  SPS are  shown i n  Figure 7. Compared t o  current technology, SPS solar  c e l l  
blankets w i l l  be much thinner and l igh te r .  Glass o r  p l a s t i c s  might be used for  
subotrates o r  continuous c e l l  covers. Solar c e l l s  a r e  intercofinected v i a  1 

1 

very th in  wraparound contacts and bus conductors, and, i f  k l y ~ t r o n s  a r e  used 3 

fo r  RF power conversion, se r ies  c e l l  s t r i ngs  could operate a t  voltages up t o  
1 

47.5 ki lovol ts .  

Many solar-powesed LSS i n  the  mid t o  l a t e  1980'0 w i l l  l i ke ly  use so la r  c e l l  
blankets s imi l~u  t o  these SPS candidates but .wil1  probably operate a t  voltages 
no higher than a few hundred volts.  

1 

The reference SPS demonstration a r t i c l e  uaed for  Grummttn environmental 
in teract ion studies is  shown i n  Figure 8. The basic planar array configuration 
i s  s h i l a r  t o  t h a t  from a recent NASA/Boeing study, sized t o  provide 100 megs- 
watts of r ec t i f i ed  power on the  -round. Structure, antenna and solar  c e l l  
blankets a r e  simiiar t o  those described above. E lec t r ica l  d i ~ t l i b u t i o n  and 



control networks are integrated throughout the array; power Is transmitted to 
%he antenna via a l i p  rings. Attitude control and stationkeeping Is provided 
by thrueters. The effective density 02 the spacecraft, inc luding all sub- 
oystcms is about 4 x 10-3 kg/m3. 

One of many poesible e3.ectrical configurations is shown in the figure. In 
general, solar celP strings aiSe arranged with oppoeing current flow to minimize 
magnetic torques sn the spaceercdt. In this example, 16 &;rings each gen- 
erate 250 amps at 41 t o  45 kilovolts. Positive and negative busses are lo- 
cated at the center and ends of the array. These connect to the main power 
busses which run the length of the array and terminate at the slip rings. A 
total of ~ O O O  amps is delivered to the RF converters at 40 kilovolts. 

ENVIRONMENTAL INTERACTIONS AND EFFECTS 

The study of LSS environmental interactions was initiated by identifying 
those charge/discharge effects and  plasm^. interactions that might havc an im- 
pact on the design, performance or cost of these spacecraft, Initial. concerns 
for the SBR and SPS demonstration article are summarized in Tables 1 and 2. 
The potential. interactions, sites and. effects listed -in these tables are 
common to most LSS using advanced solar ceil arrays or phased array: antennas. 

Degradation of dielectric structures, optical mate;,ials and surfaces call 
result from repeated electrical discharges as described in the literature. 
Numerous dielectric-metal interfaces exist throughout the SBR and SPS, spe- 
cifically at the antenna dipoles and solar ce3.1 edges, which are potentially 
susceptible to discharge-induced damage. Discharges on metallized dielectric 
delay lines and waveguides could also erode these critical elements. 

Damage or disruption of the electrical distribution.aetwork, while a 
coccern for all LSS, may be especially severe with large, distributed power 
systems as on SBR and SPS type spacecraft. Interactions with very high, dis- 
tributed voltages and numerous RF converters and waveguide antemas are of 
particular importance for the SPS. 

The lightweight, flexible LSS structures will distort under electro- 
static forces, on-board, geomagnetic and VXB field interaction, @asma coupling 
currents and induced differential heating. Surface distortions and plane 
separation variations could have a significant effect. on antenna gain, effi- 
ciency and pointing accuracy. Plasma-induced forces will also affect attitude 
control and stationkzeping requirements. The trusters used for these functions 
may also contribute to. spsrcecraft conimnination, differential charging and pow- 
er loss in multikilovolt systems. 

ANALYSES OF LSS ENVIRONMENTAL INTERACTIONS 

Prelimi.naxy analyses and engineerirg estiniates were made to assess the 
possible magnitude of some of the effect6 of plasma interactions and other en- 
vironmental factors on LSS performance. These analyses emphasized the 8PS 
demonstration article, as it can be expected to experience such effects with 



greater  sever i ty  than ,  fo r  example t h e  SBR, due t o  I t s  l a rger  currents ,  v o l t -  
ages, and afze.  

Specif lcal ly ,  analyses wcre made of the  pstxmtlal distriburt;ion on t h e  
csver o f  a 47 KV solar array under aubstorp. conditione and a f  t l  o rnagnstlc 
anlelding againot cha;*e;in,g currents  provided by t he  on-board c u r ~ ~ e n t  d i s t r i -  
butions an a 100 MW SBS demonovretisn a r t i c l e .  Other estimates performed 
include plasma Ieakaae currents, erosion r a t e s  due to proton scat ter ing,  t o w p e a  
from on-board current  coupling t o  BGEO, and solar  a r ray  performance laas  due t o  
radia t ion damage. 

In analyzing t he  charging po ten t ia l  d i s t r ibu t ion  on t he  47 KV solar  array 
an array length of 700 m was assumed, with t he  solar  c e l l  interconnected such 
as t o  provide a constant impressed voltage gradient along, and a constant vol t -  
age Rcross, t h e  array.  

Without solar  i l lumination and without t he  e f f ec t  of solar  c e l l  cover 
s l ides ,  magnetic substorm charghg  currents  would f l o a t  t h i s  potent ia l  c2lstri- 
bution so a s  t o  make most of t h e  array length  negative with respect  t o  t h e  
plasma (based on a simple p l a s m  p a r t i c l e  d r i f t  approx'mation). 

The inclusion of sun-illumination ( J ~ ~ ( v ~ = o )  = 3 nA/cm2) and of the  e f f ec t  
of d i e l ec t r i c  cover material  i n  a self-consistent  ( th ick sheath) analysis  leads  
t o  subs tan t ia l ly  d i f f e r en t  r e s u l t s  f o r  t h e  surface po ten t ia l  d i s t r ibu t ion  on 
t h e  array.  The specif ic  analyses employed t he  following approach: A l oca l  
value of t he  a r ray  po ten t ia l  V i s  assumed and t h e  po ten t ia l  Vs on the  overlying 
surface point i s  calculated seEfconsistently, subject t o  t he  equilibrium val t -  
rge conditions 2 J ~ ( V S )  = 0, where t h e  Ji represent the  current  density elements 
shown i n  Fig. 9. The current  balance includes the  leakage current  Jg through 
t he  d i e l e c t r i c  cover fo r  an appropriate value of t h e  cover bulk res is tance.  
The calcula t ion i s  repeated fo r  a s e r i e s  of equally spaced V values on both 
s ides  of t he  point where t h e  leakage current  reverses directyon as a r e s u l t  of 
a chaage i n  the  sign of (vs-vp). The locat ion on t he  a r ray  where Vp changes 
sign, r e l a t i v e  t o  e i t he r  end of t he  arrr,y i s  then determined by the  condition 

This a l so  determines t he  pa ra s i t i c  current  i n  t h e  c i r c u i t  formed through t he  
d i e l ec t r i c  cover, t he  array,  and t he  plasma. 

Two cases were analyzed, f o r  bulk res is tance values of lo14 and 10 13 
ohm-cm2, respectively. For t he  higher res is tance,  t h e  surface po ten t ia l  VY, is 
posi+dve but very low (a few vo l t s ) ,  as shown i n  Fig. 1Oa. The integrated 
leakage current  value fo r  a 95 m wide array section is .038 mp. For the  lower 
res is tance value ( 1 0 ~ 3  ohm-cmz) t h e  surface p c h n t i a l  becomes a t  l e a s t  pa r t l y  
dependent on t he  array po ten t ia l  V . Namely, 'V, becomes strongly posi t ive  fo r  
posi t ive  V values, while f o r  negative Vp it remains at a few vo l t s  posi t ive .  
( ~ i ~ .  10b.y. The integrated leakage current  here i s  .19 mps  for t h e  a r ray  
section.  Since t he  f'ull ar ray has 16 such sections t h e  t o t a l  leakage current  



The cffeetivsnese of t h i s  ahieldfng was eo t fmted  f o r  the  100 MW $88 
demonstration a r t i c l e  (under neglect o f  ofectrosta t fc  fo rces ) ,  w:th current 
sources md current busses arranged as shown i n  Fig. 11. This arrangement 
consis ts  of 1.6 sheet current sources of dimensions 190 by 377.5 meters and 
14 l i n e  current sources corresponding t o  t he  current busses. Each sheet 
source ca r r i e s  a current of 250 amps, while bus currents range from 250 t o  
3000 amps. For t h i s  current d i s t r ibu t ion  t he  magnetic f i e l d  over the  array 
was determined. Fig. 12 shows t h e  component of the  magnetic f i e l d  Bll, 
ly ing i n  the  plane pctraE1elto and one meter above the  array surface. The 
B-field mapping provided the  basis  fo r  estimating t he  minimum energy needed 
by pa r t i c l e s  t o  reach the  array.  For t h i s  estimate t h e  pa r t i c l e s  were as- 
sumed t o  be normally incident on t he  array surface, and the  minimum energy, E 
was determined from the  minimum normal momentuni necessary fo r  penetration c ' 
t o  the  distance of a gyro radius from the  array surface. Values of Ec fol 
electrons a re  shown i n  Fig. 12 a t  various locations on the  array. For 
example, above the  midpoint of the  3000 amp bus the  array i s  screened from 
normally incident electrons of up t o  32 keV. However, away from the  busses, 
and par t icu la r ly  a t  the  interfaces  between opposing current sheets the  elec- 
t ron cutoff energies f o r  normal incidence become very low. This indicates 
t h a t  an arrangement of array currents,  such a s  shown i n  Fig,  11, although 
favorable f o r  minimizing induced torques, may promote d i f f e r e n t i a l  charging 
by electrons.  For protons, t he  cutoff energies a r e  1/1836 of those fo r  
electrons,  hence, the  magnetic f i e ld s  considered here w i l l  not shie ld  against  
protons abpve a few tens  of e lect ron vol ts .  For example, the  maximum proton 
cutoff energy, obtained above the  3000 amp bus, i s  17 eV. 

Another estimate concerned' t he  torques induced from the  coupling of t he  
array currents t o  the  mbien t  geomagnetic f i e l d ,  taken a s  0.001 gauss. The 
array was assumed t o  be oriented so as  t o  have t he  main current bus aligned 
with the  f i e ld ;  t he  torques would therefore a r i s e  from forces on t he  secondary 
busses running a t  r igh t  angles t o  t he  main bus. A maximum torque of 18 Newton- 
meters (13 f t - l b )  about t h e  array center-line i s  estimated; the  resu l tan t  
increment i n  AV requirements fo r  a t t i t u d e  control  is ins ignif icant .  

An estimate was a l so  made of the  added th rus t  capabi l i ty  required fo r  
s t a t i on  keeping if all t h e  substorm pa r t i c l e s  were incident on only one s ide  
of t he  array. The combined pressure from an electron flux of 6.109 e/cm2/sec 



In  view of %he frequently encountered ceneasn with ion a p u t t a r i n ~  QG a 
mechanism for  eurfaco eroaisn and ccntminan.t; psodiuA,fen, s, uorat cnnc acuca- 
mcnt sf proton aputtcrlng o? SBQ2 Lam mads. A eontlnuoua substorm proton f l u x  
sf 1.4~108 p/cma/aec a% kT = 1 5  keV wae asnumed, togb%her with a spxtru,m- 
integrated erputtering yie ld  of 10-2. Tkfe leada ts s mas5 removal r a t s  of 

3 -2 0 
1. b e l @  glcrnyyesr ( o r  6.3*10 A/year ) , which per se i a  ins ignif icant ;  how- 
ever, the  op t ica l  periormeulce of solar  s e l l  covers may be deeraded i n  t h e  prs- 
cess. The associated contaminant production r a t e  i s  3.09 g / d ~ y  for  t h  100-MW 

h 
S demonstration a r t i c l e ,  which i s  co pared with n mass re lease  of  1 x 10 g/day 

from hydrazine th rua te rs  o r  2 x 10 @;/day from cesium thrustera  fo r  s ta-  
t i on  keeping. 

Therefore, t he  development of a so la r  blanket i n  which radiation damage 
can be removed by on-site annealing appears t o  be essen t ia l  f o r  SPS. A de- 
sign concept fo r  a heat-annealable so la r  c e l l  i s  shown i n  Fig. 7. 

The importance of radia t ion damage i n  degrading the  performance of so la r  
arrays is well recognized. For example, radiation darkening i n  so la r  c e l l  
cover glass  i s  expected t o  produce a transmission l o s s  of -- 4% over a 30 year 
SPS life-time; here the  darkening tends t o  be l i s i t e d  by concurrent u l t ra -  . 
vio le t  annealing. ( ~ o t e  t h a t  a 4% performance l o s s  represents a 2.5% increase 
i n  SPS program cos t s . )  By comparison, so la r  c e l l  degradation by radiation i s  
much more severe i n  GEO. This d~grada t ion  i s  azuivalent t o  t h a t  produced by 
a yearly fluence of 1 t o  2 x 1014 1-MeV electrons (including the  contributions 
from so la r  f l a r e s ) .  A 16% e f f i c i en t  c e l l  w i l l  degrade 20 t o  30$ over 10 years 
i n  CEO, primarily due t o  solar  f l a r e  wroton damage. 

LARGE SCALE ENVIRONMENTAL INTEIIACTIOX EXPERIMRNT PLATFORM 

A i r  Force and NASA studies  a r e  now defining t e s t  a r t i c l e s  and f l i g h t  pro- 
grams which w i l l  demonstrate on-orbit construction of l a rge  space s t ructures .  
These demonstretions w i l l  be t he  f i r s t  LSS-related a c t i v i t i e s  i n  space, and 
according t o  current plans, w i l l  occur by 1984. One of t h e  concepts f o r  such 
a demonstration a r t i c l e  is shown i n  Figure 13. This u t i l i t y  platform i s  con- 
s t ructed while attached t o  t he  Shutt le,  u t i l i z i n g  one-meter beams which a r e  
fabricated by the  autcmatic beam builder located i n  the  Shut t le  payload bay. 
A simple gravity-gradient s tab i l i zed  platform i s  shown i n  the  f igure  which 
supports several  earth-pointing experiments. E lec t r ica l  power and other sub- 
systems h ~ v e  a l so  been added t o  provide long-term, f r ee  f l ye r  cap8bil i ty.  

The same platform could carry  a var ie ty  of material ,  component; and sub- 
system segments a s  depicted i n  Figure 1 4 .  In t h i s  example, several  d i f ferent  
material ,  solar  c e l l  blanket and antenna gore samples, i n  various s izes  and 
configurations, a re  mounted over almost a l l  of the  available 900 square meter 
t e s t  surface. Temperature and illumination sensors, pa r t i c l e  and e l tc t ro-  
magnetic pulse (EMP) detectors a r e  dis t r ibuted throughout the  test smples ,  



Integrators, recorders m a  otner equipment are LocELtea in an experiment sup- 
port packrtge. The platfohn is powered by radioisot;ope thermoelectric gcn- 
erator (RTG) to eliminate plasxB disturbances and Aentation requirements. .. . ... 
associated wjth solar cell arrays. 

Low Earth Orbit (LEO) Tests 

The platform can be left in LEO for extended periods and periodically re- 
visited by the Shuttle. Test samples atld on-board data can be retrieved, and 
new samples added if desired. 

Since LEO plasm& char,acteristics are significantly different fro& those 
in gewynchronous orbit (GEO) , relatfvely few LEO test results will extrapolate 
to GEO., However, charge/discharge effects, passive charge controls and space 
enviroment synergibms could be evauated, and size/configuratiofi relationships 
established for large area elements. Also, since most LSS programs include 
construction and operation of demonstration systems in LEO, these tests will 
provide valuable designlper f oraance data for these systems. 

Other tests which might be used to verify analytical models and gro-md 
test results are 

6 Materials response-plasma dynamics 

Transient-induced differegtial charging 

a Discharge avalanche 

0 ~lectric/magnetic field-induced forces 

Volte.ge/l.eakage current scaling 

High Altitude Tests 

With the addition 9f a propulsion stage, the platform could be placed in 
elliptical orbit or in GEO where the majority of LSS will eventually opei-ate. 
A conceptual design of the largest. test platform which could be boosted to high 
altitude from LEO is shown in Figure 15. This article is constructed in a 
manner identical to that described above, with its maximum dimensions nearly 
100 meters. A cluster of three IUS (~nterim Upper stage) engines are used to 
propel the 6800 kilogram spacecraft. A total of 4800 square meters of plat- 
form area is available for test samples. Instrumentation and experiment sup- 
port equipment is distributed throughout the platform, and an RTG used for 
electrical power as with the LEO platform. One or more retractable plasma 
probes can be added as shown to measure plasma characteristics at various 
distances from the spacecraft. Motor-driven boom designs are available for 
probe extensions up to one kilometer. 

A test platform of this type in CEO could provide definitive environmental. 
interaction data to guide the de~ign of future LSS. The following types of 



tc:~l;s could bt. psrformcd, i n  r.dd.iton t o  those l i s t e d  above, fo r  n ncwly  com- 
p lc tc  clinractcrization of physical processes and coupling mechnisma: 

0 Rlcctric f i e l d  acceleration 

0 hlaginet i c  f i e l d  deflcction/focusing 

a I'lanmn-induced heating 

a (;eometrical pext ic le  shadowing 

e Plasma sheath formation 

( a Plasma i n s t a b i l i t y  non-linear e f f ec t s  

a Spacecraft geomagnetic wake 

a Active charge controls 

a Large scale  performance ver i f ica t ion  

This LSS t e s t  platform could be constructed and placed i n  CEO by t.he niid- 
1980's. Real-time data could be recorded shor t ly  a f t e r  o rb i t  insert ion.  Data 
can be sampled over long intervals  t o  evaluate e f fec t s  of environmmt varia- 
t ions  and long-term ma%erial property changes. 

An advanced orbit; t rans fe r  vehicle (OW), which might be available around 
1990, could v i s i t  the  LSS t e s t  platform i n  CEO. Test samples could be in- 
spected, retr ieved f o r  ground t e s t s  and replaced with new or  di f ferent  samples 
f o r  addit ional space tes t ing .  I f  accelerated materials  ground t e s t s  cannot be 
properly developed, ?r prove too cost ly ,  long-term CEO experiments of t h i s  type 
may be t h e  only way t o  der ive  the  design data and confidence leve ls  needed be- 
fore comniitting t o  development of a complex, cost ly  LSS. 

Much research and engineering analysis must yet  be done t o  estimate LSS 
environmcntal ia teract ions  and effects .  Many plasma-related interact ions  and 
long-term lnaterials e f fec t s  w i l l  most l i k e l y  require l a rge  t e s t  a r t i c l e s  of 
the  t,ypt. described above; the  opportunity t o  f l y  these experiments w i l l  be here 
shortly.  A program sliould be formulated now t o  define the  research and ma l -  
yses t o  be performed, the  types of experiments t o  be flown, and t o  becin pre- 
liminnry designs of t he  la rge  scale  experiment platform. 
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Figure 5. Evolution of Solar Satellite Power Sywms 
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