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The p h o t o v o l t a i c  power systems workshop w a s  d i v i d e d  i n t o  two groups.  
T h e i r  d i s c u s s i o n s  concerned apparent  d e f i c i e n c i e s  i n  NASA p lanning  and technol-  
ogy development r e l a t i n g  t o  a s t a n d a r d  power module (25-35 kW) and t o  f u t u r e  
p h o t o v o l t a i c  power systems i n  g e n e r a l .  C o r o l l a r y  conclus ions  and recommenda- 
t i o n s ,  a l t h o u g h  n o t  s t a t e d ,  are  b e l i e v e d  t o  be  obvious from t h e  d i s c u s s i o n s .  

The concerns of t h e  workshop are  l i s t e d  i n  o r d e r  of importance.  It is  
s i g n i f i c a n t  t h a t  t h e  two groups,  f u n c t i o n i n g  independent ly ,  reached similar 
p o s i t i o n s .  

A. Have a d e q u a t e  system s t u d i e s  been done - 

1. To e s t a b l i s h  g u i d e l i n e s  f o r  s t a n d a r d i z a t i o n ?  

There is a need t o  develop d e s i g n  g u i d e l i n e s  f o r  commonality, m o d u l a r i t y ,  
materials, d e s i g n  o p t i o n s ,  e t c . ,  a l l  of  which are  impor tan t  t o  s t a n d a r d i z a t i o n  
and low c o s t . ,  These g u i d e l i n e s  should  e v o l v e  i n  harmony from a n  i d e n t i f i c a t i o n  
of t h e  t e c h n i c a l  problems a s s o c i a t e d  w i t h  both  near- term and fa r - te rm power 
sys tems,  t h a t  i s ,  from a p p r o p r i a t e  system s t u d i e s .  

2. To e s t a b l i s h  a d e s i g n  t h a t  i s  f l e x i b l e  - 

a .  For  a d j u s t i n g  t o  v a r i o u s  u s e r  needs?  

Many f u t u r e  m i s s i o n s  a re  be ing  i d e n t i f i e d  t h a t  would use l a r g e  amounts of  
power. These miss ions  i n v o l v e  d i v e r s e  f u n c t i o n s  and d i v e r s e  o r b i t s ,  t h a t  i s ,  
d i v e r s e  needs as r e g a r d s  a power system. A power module which hopes t o  ''cap- 
t u r e "  many, i f  no t  most,  o f  t h e s e  m i s s i o n s  should  b e  s u f f i c i e n t l y  f l e x i b l e  i n  
d e s i g n  t o  s a t i s f y  t h e s e  d i v e r s e  needs w i t h o u t  i n f l i c t i n g  undue p e n a l t i e s  on any 
user .  

b .  For i n c o r p o r a t i n g  technology advances? 

Many improvements i n  component and d e s i g n  technology can b e  p o s t u l a t e d  
d u r i n g  t h e  h o p e f u l l y  l o n g  l i f e  c y c l e  of  a s t a n d a r d  power module. New u s e r s  
w i l l  want t h e s e  improvements. The b a s i c  module d e s i g n  should  be capable  of 
accommodating improvements w i t h  a minimum o f  rework and new development. 
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c. For growing t o  l amer  s i z e ?  

A power module design capable  of growing i n  output  would seem t o  be axio- 
matic w i t h  high mission cap tu re  ra te  over a long l i f e  cyc le .  A s  above, t hese  
h igher .output  ve r s ions  should be obta inable  wi th  a minimum of rework and new 
development. 

3. To e s t a b l i s h  t h a t  t h e  i n i t i a l  design (25-35 kW) i s  the  r i g h t  d i r e c t i o n  
t o  evolve t o  t h e  next  genera t ion  (100-300 kW)? 

It w a s  i nd ica t ed  i n  t h e  conference t h a t  t he  f i r s t  power module should be 
an evolu t ionary  precursor  t o  t h e  l a r g e r  power systems which would fol low.  I n  
order  t o  achieve t h i s ,  s t u d i e s  of t he  l a r g e r ,  more far-term systems should be 
performed . 
B. Should a s tandard  power system module be developed s e p a r a t e l y  from a 

s tandard  spacec ra f t ?  

If each subsystem of a complete spacec ra f t  w e r e  developed sepa ra t e ly  as a 
s tandard  module, t h e  composite r e s u l t  could be chaot ic .  It seems poss ib l e  t h a t  
t he  necessary compa t ib i l i t y  among subsystems, aimed of course a t  b e s t  meeting 
user  needs,  might b e s t  be achieved by development of a s tandard  spacec ra f t .  

C. Have proper approaches t o  cos t  reduct ion  been i d e n t i f i e d ?  

1. What are t h e  major c o s t  elements? 

Most of t h e  c o s t  a t t r i b u t a b l e  t o  a power system a f t e r  i t  is i n  o r b i t  i s  
be l ieved  t o  be of nonhardware o r i g i n .  Thus i t  may be t h a t  e f f o r t s  t o  reduce 
cos t  could be more product ive  i f  they  focused on nonhardware as w e l l  as hard- 
w a r e  cos t s .  Typical  nonhardware c o s t s  are engineer ing and t e s t i n g .  

2. What are t h e  r e l a t i o n s h i p s  between component r e l i a b i l i t y ,  r e l i a b l e  
design,  and low c o s t ?  

Relaxat ion of component r e l i a b i l i t y  requirements may be p o s s i b l e  through 
f a u l t - t o l e r a n t  power system design. I f  so, how much r e l a x a t i o n  might be pos- 
s i b l e  and what i s  the  cos t  reduct ion  payoff? Cer t a in ly ,  " in fan t  mor t a l i t y"  and 
gener ic  f a i l u r e  requirements cannot be relaxed.  S imi la r  s ta tements /ques t ions  
could be posed regard ing  a maintainable  design.  

/ 

3.  Can a l a r g e  investment i n  development y i e l d  low recu r r ing  and l i f e  cyc le  
c o s t s ?  

A highly  s o p h i s t i c a t e d  design,  thoroughly wrung ou t  dur ing  development, 
might be ab le  t o  u t i l i z e  less r e l i a b l e  (less expensive) components and s t i l l  
achieve long power system l i f e ,  y i e l d i n g  o v e r a l l  a low l i f e - c y c l e  c o s t .  

2 72 



D. Is energy s t o r a g e  avoidance being considered adequately? 

Energy s t o r a g e  is  t h e  g r e a t e s t  technology hurd le  f o r  l a r g e  power systems. 
High-energy-density b a t t e r i e s  o r  o t h e r  energy s t o r a g e  devices  are a must i f  
energy s t o r a g e  is t o  be included i n  l a r g e  power systems without  a n  exorb i t an t  
weight pena l ty .  The h i s t o r y  of high-energy-density b a t t e r y  development g ives  
l i t t l e  cause f o r  optimism about f u t u r e  prospec ts .  System designs which avoid 
o r  minimize energy s t o r a g e  needs may be highly des i r ab le .  

E. Is a t t i t u d e  con t ro l  be ing  considered adequately? 

A t t i t u d e  con t ro l  ( inc luding  conf igura t ion  management) is  an important 
f e a s i b i l i t y  i s s u e  with l a r g e  s o l a r  power systems. 
major concern i n  t h i s  area. 

So la r  a r r a y  f l e x i n g  i s  a 

F. Are thermal e f f e c t s  of hea t  r e j e c t i o n  on s o l a r  a r r a y  conf igura t ion  s t a b i l i t y  
being adequately considered? 

Thermal c o n t r o l  and h e a t  r e j e c t i o n  i s  a major design area. A good d e a l  of 
emphasis i n  t h i s  area w a s  ev ident  and is considered appropr ia te .  However, are 
the  thermal e f f e c t s  on s o l a r  a r r a y  conf igura t ion  s t a b i l i t y  being adequately 
considered? 

G. Is assembly of l a r g e  power systems i n  space being considered adequately? 

Large power systems (above about 50 kW i n  s i z e )  may have t o  be  put  i n  o r b i t  
by using more than a s i n g l e  launch and then  assembled. The LSST ( l a r g e  space 
s t r u c t u r e s  technology?) s tudy  purportedly i s  concerned wi th  l a r g e  s o l a r  a r r a y  
assembly i n  space bu t  no t  wi th  l a r g e  s o l a r  power system assembly i n  space. 

H. Is terrestr ia l  photovol ta ic  work being fac tored  i n t o  space power systems 
f o r  p o s s i b l e  payoff? 

It i s  probable t h a t  t h e  l a r g e  amounts of money being spent  t o  develop low- 
cos t  photovol ta ic  systems f o r  terrestrial power w i l l  have some payoff f o r  space 
use. It a l s o  seems probable  t h a t  t h e  d i f f e rences  between space and terrestrial  
requirements w i l l  even tua l ly  r e s u l t  i n  t h e  terrestrial  s o l a r  cel ls  no t  being 
d i r e c t l y  app l i cab le  t o  space.  Thus, e f f o r t s  should be undertaken t o  channel 
promising terrestrial  developments i n t o  space-type s o l a r  c e l l s .  
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