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The NASA Space Power Technology Program i s  aimed a t  providing 
a sound technologica l  b a s i s  f o r  f u t u r e  space e l e c t r i c a l  power 
systems. While f u t u r e  needs f o r  e l e c t r i c a l  energy i n  space cannot 
be known w i t h  c e r t a i n t y ,  an ana lys i s  of programmatic t r ends  and 
oppor tun i t i e s  now under study i d e n t i f y  two classes of need. The 
f i r s t  i s  f o r  very high performance systems t o  support  electric 
propulsion and ambitious geosynchronous missions. The second is 
f o r  very high power levels a t  low c o s t  t o  support  t h e  Shut t le -  
based h a b i t a t i o n  and use of near-Earth space. In  t h i s  paper t h e  
cu r ren t  R&T base program i s  f i r s t  descr ibed,  then s p e c i a l  a t ten-  
t i o n  i s  d i r e c t e d  toward o u t l i n i n g  a new system technology i n i t i a -  
t i v e  s p e c i f i c a l l y  Qr i en ted  toward providing t h e  u t i l i t y  power 
p l a n t  technology base f o r  semi-permanent Earth o r b i t a l  f a c i l i t i e s  
expected t o  be needed i n  the  middle t o  l a t e  1980's. 

The R&T base program involves  f i v e  areas of research: Photo- 
v o l t a i c  Energy Conversion, Chemical Energy Conversion and Storage, 
Thermal-to-Electric Conversion, Environmental I n t e r a c t i o n s ,  and 
Power Systems Management and Di s t r ibu t ion .  The general  ob jec t ives  
and planned d i r e c t i o n  of effor ts  i n  each of t hese  a reas  i s  sum- 
marized below and i n  Figures 1 through 15. 

I n  t h e  a rea  of Photovol ta ic  Energy Conversion, t h e  a i m  i s  t o  
improve conversion e f f i c i e n c y ,  reduce m a s s ,  reduce c o s t ,  and in -  
crease opera t ing  l i f e  of photovol ta ic  converters  and ar rays .  
Emphasis i s  being placed on very e f f i c i e n t  t h i n  s o l a r  cells, l i g h t -  
weight b lankets ,  r a d i a t i o n  r e s i s t a n c e ,  low cost and advanced cells, 
and both p lanar  and concent ra tor  a r r ay  designs.  

In  Chemical Energy Conversion and Storage,  t h e  ob jec t ive  i s  t o  
achieve improved energy dens i ty ,  l i f e ,  ope ra t iona l  capab i l i t y ,  and 
c o s t  of space b a t t e r y  and f u e l  ce l l  systems. Research i s  being 
done t o  inc rease  energy dens i ty  and l i f e  of n i c k e l  cadmium bat- 
teries and t o  inc rease  t h e i r  capaci ty:  t o  achieve high energy 
dens i ty  probe and lander  batteries;  and t o  eva lua te  new e l ec t ro -  
chemical concepts f o r  very high energy dens i ty .  In  addi t ion ,  
e f f o r t  i s  being i n i t i a t e d  t o  evolve t h e  f u e l  ce l l - e l ec t ro lyze r  
concept f o r  high capac i ty  low-Earth-orbit energy s to rage  appl ica-  
t i ons .  



Thermal-to-Electric Conversion e f f o r t s  a i m  a t  technologies  
which can be used w i t h  e i t h e r  nuclear  o r  s o l a r  h e a t  sources  and 
focus on achieving acceptable  e f f i c i e n c i e s  i n  thermoelec t r ic  and 
thermionic conver te rs  and on eva lua t ing  Brayton systems f o r  low 
and high power appl ica t ion .  I n  add i t ion ,  some work on a n c i l l a r y  
equipment necessary f o r  system f e a s i b i l i t y  i s  carried ou t .  

Research is  a l s o  undertaken t o  in su re  t h a t  f u t u r e  power sys- 
t e m s  can adequately cope w i t h  t h e  space environment. T h i s  work 
includes both ground and f l i g h t  e f f o r t s  on spacec ra f t  charging and 
on high vol tage  - space plasma i n t e r a c t i o n s .  

F ina l ly ,  work aimed a t  providing t h e  power system management 
and d i s t r i b u t i o n  b a s i s  of f u t u r e  systems i s  undertaken. T h i s  ef- 
f o r t  inc ludes  b a s i c  high power component, c i r c u i t  and subsystem 
research, automated management and ground and f l i g h t  systems 
inves t iga t ions .  

It is  concluded t h a t  execut ion of t h i s  R&T base program w i l l  
i nc rease  the  range of f u t u r e  mission oppor tun i t i e s  t h a t  can be 
accommodated a t  acceptable  levels of cost and r i s k .  However, t h e  
press ing  near  t e r m  high power needs f o r  Earth o r b i t a l  systems are 
very g r e a t ,  and the impact of  t h i s  R&T base program on t h e m  a t  
p re sen t  resource l e v e l s  w i l l  necessa r i ly  be l i m i t e d  t o  a f e w  key 
technologies ,  Expansion of technology e f f o r t  i n  t h i s  area can be 
accommodated only by reducing e f f o r t s  aimed a t  high performance 
and longer  term space power needs or  by seeking a focused augmen- 
t a t i o n  of resources .  

A s p e c i f i c  i n i t i a t i v e  aimed a t  t h i s  class of needs i s  out- 
l i n e d  i n  Figures 16  through 29 and i s  presented f o r  planning pur- 
poses only i n  an e f f o r t  t o  i l l u s t r a t e  t h e  type of technology pre- 
pa ra t ion  t h a t  i s  viewed as being reasonably cons i s t en t  w i t h  
o r b i t a l  energy needs of t h e  nea r  fu tu re .  The need f o r  t h i s  i n i t i a -  
t ive  stems from the p ro jec t ed  growth i n  space energy demand and 
his tor ical  evidence suggest ing t h a t  p a s t  experience has been both 
l i m i t e d  i n  q u a n t i t y  and c o s t l y ,  The technology i n i t i a t i v e  i s  pre-  
sented i n  two phases. The first t r e a t s  s o l a r  power generat ion,  
bulk energy s t o r a g e ,  and power management and d i s t r i b u t i o n .  T h e  
second phase deals w i t h  thermal management and w i t h  space t o  space 
transmission of power. 

The expected r e t u r n  from t h e  type o f  technology program out- 
l i n e d  here  i s  t h e  provis ion of enabl ing technology for a class of 
space powerplants i n  t h e  multi-hundred k i l o w a t t  power range. W e  , 
can expect t o  see dramatic reduct ions over pro jec ted  c a p i t a l  and 
opera t ing  c o s t s  and begin t o  see new opera t ing  concepts involving 
ma in ta inab i l i t y ,  automation, t h e  remote t ransmission of space power 
and t h e  beginnings of t r u l y  i n t e g r a t e d  systems operat ion i n  space. 
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