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ABSTRACT 

The N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a -  
t i o n  has adopted  t h e  p o l i c y  t o  a c h i e v e  t h e  maximum 
p r a c t i c a l  l e v e l  o f  commonal i t y  f o r  t h e  Space Sta-  
t i o n  Freedom program i n  o r d e r  t o  s i g n i f i c a n t l y  
reduce l i f e  c y c l e  c o s t s .  Commonal i ty means u s i n g  
i d e n t i c a l  o r  s i m i l a r  h a r d w a r e / s o f t w a r e  f o r  m e e t i n g  
common s e t s  o f  f u n c t i o n a l l y  s i m i l a r  r e q u i r e m e n t s .  
P r e s e n t e d  i n  t h i s  paper i s  i n f o r m a t i o n  on how t h e  
c o n c e p t  o f  commonal i t y  i s  b e i n g  implemented w i t h  
r e s p e c t  t o  e l e c t r i c  power sys tem hardware  f o r  t h e  

7 Space S t a t i o n  f reedom and t h e  U.S.  P o l a r  P l a t f o r m .  
I n c l u d e d  i s  a h i s t o r i c a l  a c c o u n t  o f  t h e  c a n d i d a t e  
common i t e m s  wh ich  have t h e  p o t e n t i a l  t o  serve  t h e  
same power system f u n c t i o n s  on b o t h  f reedom and 
t h e  P o l a r  P l a t f o r m .  

PROGRAM D E S C R I P T I O N  AND OBJECTIVES 

Two o f  t h e  Space S t a t i o n  Freedom program 
o b j e c t i v e s  a r e  t o  e s t a b l i s h  a p e r m a n e n t l y  manned 
r e s e a r c h  f a c i l i t y  i n  l o w - E a r t h  o r b i t  and t o  p r o -  
v i d e  an unmanned p l a t f o r m  for  l o n g  d u r a t i o n  s c i e n -  
t i f i c  and o p e r a t i o n a l  o b s e r v a t i o n s  i n  n e a r - p o l a r  
o r b i t .  

I n  o r d e r  t o  b r i n g  t h i s  a b o u t ,  t h e  t e s t  and 
development r e s p o n s i b i l i t i e s  f o r  t h e  program e l e -  
ments t h a t  form t h e s e  f a c i l i t i e s  a r e  d i s t r i b u t e d  
among f o u r  NASA c e n t e r s  - M a r s h a l l  Space F l i g h t  
C e n t e r  (MSFC) ,  Johnson Space C e n t e r  (JSC) ,  Goddard 
Space F l i g h t  C e n t e r  (GSFC) ,  and Lewis  Research Cen- 
t e r  (NASA L e w i s ) .  T h i s  a l l o w s  t h e  p r o g r a m  t o  draw 
upon u n i q u e  s k i l l s  and r e s o u r c e s  t h r o u g h o u t  t h e  
agency. O v e r a l l  p rogram d i r e c t i o n  and sys tem e n g i -  
n e e r i n g  and i n t e g r a t i o n  ( S E & I )  a c t i v i t y  i s  t o  be 
p r o v i d e d  by  t h e  Program O f f i c e  ( L e v e l  11) i n  
Reston ,  VA ( F i g .  1 ) .  

GSFC and i t s  p r i m e  c o n t r a c t o r  Genera l  E l e c t r i c ,  has 
t h e  r e s p o n s i b i l i t y  for t h e  d e f i n i t i o n ,  deve lopment ,  
u t i l i z a t i o n ,  and s e r v i c i n g  o f  p l a t f o r m s .  I n i t i a l l y  
t h e r e  were two p l a t f o r m s  i n  Phase I of t h e  program, 
a p o l a r  p l a t f o r m  and a c o o r b i t i n g  p l a t f o r m .  The 
l a t t e r ,  p l a n n e d  t o  occupy  a l o w - E a r t h  o r b i t  t h e  
same as t h e  space s t a t i o n ,  has been s h i f t e d  down- 
s t r e a m  to  Phase I 1  o f  t h e  space s t a t i o n  program.  
W h i l e  s t i l l  c o n s i d e r e d  i n  t h e  d e s i g n  and d e v e l o p -  
ment p r o c e s s ,  t h e  c o o r b i t i n g  p l a t f o r m  w i l l  n o t  be 
d i s c u s s e d  f u r t h e r  h e r e .  The P o l a r  P l a t f o r m  w i l l  
s u p p o r t  m i s s i o n s  t o  make t e r r e s t r i a l ,  b i o l o g i c a l  
and g e o l o g i c a l  o b s e r v a t i o n s ,  o c e a n o g r a p h i c  and i c e  

I n  t h i s  scheme, Work Package 03 (WP-03). NASA 

a c t i v i t y  s t u d i e s .  I t  w i l l  a l s o  be used f o r  E a r t h  
lower -  and u p p e r - a t m o s p h e r i c  m o n i t o r i n g  and 
r e s e a r c h ,  s o l a r  o b s e r v a t i o n s ,  and plasma p h y s i c s  
measurements ( F i g .  2 ) .  

Work Package 04 (WP-04). NASA Lewis and i t s  
p r i m e  c o n t r a c t o r  Rocketdyne, has r e s p o n s i b i l i t y  f o r  
d e f i n i t i o n  and development of  t h e  space s t a t i o n  
s o l a r  power modules and d i s t r i b u t e d  e l e c t r i c  power 
sys tem hardware  and s o f t w a r e .  These b o t h  a r e  p a r t  
of  t h e  manned base c o n f i g u r a t i o n .  The l a t t e r  a l s o  
compr ises  a p a r t  o f  t h e  P o l a r  P l a t f o r m .  
base has as i t s  m i s s i o n  t o  serve  as a l a b o r a t o r y ,  
o b s e r v a t o r y ,  s e r v i c i n g  f a c i l i t y ,  t r a n s p o r t a t i o n  
node, assembly f a c i l i t y ,  m a n u f a c t u r i n g  f a c i l i t y ,  
s t o r a g e  d e p o t ,  and s t a g i n g  base ( F i g .  3 ) .  

each of t h e s e  s t r u c t u r e s  i n  space w i l l  be d i f f e r -  
e n t ,  each w i l l  r e q u i r e  development o f  many of t h e  
same t y p e  sys tems.  T h i s  g i v e s  r i s e  t o  t h e  n o t i o n  
o f  u s i n g  "common" hardware  i n  o r d e r  t o  p e r f o r m  s i m -  
i l a r  f u n c t i o n s  i n  a v a r i e t y  o f  a p p l i c a t i o n s .  T h i s  
approach has been adopted  by  t h e  program.  A com- 
m o n a l i t y  p rogram was i n i t i a t e d  t o  reduce space Sta- 
t i o n  o p e r a t i n g  c o s t s  and crew t i m e  r e q u i r e d  for 
t r a i n i n g ,  o p e r a t i o n s ,  and main tenance.  The program 
aims a t  r e d u c i n g  c o s t s  by :  
d e s i g n e d  hardware  from o t h e r  p rograms,  ( 2 )  u s i n g  
i d e n t i c a l  or s i m i l a r  d e s i g n s  to s a t i s f y  s i m i l a r  
f u n c t i o n a l  r e q u i r e m e n t s ,  ( 3 )  r e d u c i n g  t h e  t y p e s  o f  
spares  r e q u i r e d ,  ( 4 )  u s i n g  q u a l i f i e d  s t a n d a r d  
p a r t s ,  and ( 5 )  u s i n g  common s o f t w a r e ,  hardware ,  and 
i n t e r f a c e s .  

The manned 

Whi le  t h e  m i s s i o n  g o a l s  and c h a r a c t e r i s t i c s  o f  

( 1 )  u s i n g  e x i s t i n g  

The e l e c t r i c  power system hardware  c a n d i d a t e s  
t h a t  c o u l d  p o t e n t i a l l y  p e r f o r m  t h e  f u n c t i o n s  o f  
power g e n e r a t i o n  and s t o r a g e ,  and power management 
and d i s t r i b u t i o n  on  t h e  Space S t a t i o n  freedom and 
t h e  P o l a r  P l a t f o r m  a r e  shown i n  Tab le  I. 

To d i s c u s s  how t h e  commonal i t y  p r o c e s s  has 
i n f l u e n c e d  t h e  s e l e c t i o n  o f  t h i s  power system h a r d -  
ware, a h i s t o r i c a l  a c c o u n t  f r o m  t h e  WP-04 perspec-  
t i v e  i s  g i v e n  b e l o w .  

PROGRAM DEFINITION AND PRELIMINARY DESIGN 
(PHASE 8 )  

A comprehens ive  program d e f i n i t i o n  phase was 
c o m p l e t e d  i n  January  1987, w h i c h  p r o v i d e d  a r e v i e w  
o f  space s t a t i o n  s y s t e m s  and a more t h o r o u g h  under -  
s t a n d i n g  o f  t h e  o v e r a l l  space s t a t i o n  a r c h i t e c t u r e .  
WP-04 p a r t i c i p a t e d  i n  t r a d e  s t u d i e s  t h a t  f o c u s e d  On 



comparing t h e  e l e c t r i c  power sys tem t e c h n o l o g y  can- 
d i d a t e s  and d e t e r m i n i n g  the  b e s t  common o p t i o n  f o r  
t h e  s t a t i o n  and p i a t f o r m s .  

S p e c i f i c  Des ign  D r i v e r s  

Some u n i q u e  c h a r a c t e r i s t i c s  o f  t he  P o l a r  P l a t -  
f o r m  must be c o n s i d e r e d  i n  t h e  hardware  d e s i g n s  
f o r  use i n  t h i s  a o p l i c a t i o n .  The f i r s t  o f  t h e s e  i s  
t h a t  t he  p l a t f o r m  w i l l  be unmanned 
v i s i t a t i o n  f r e q u e n c y .  T h e r e f o r e ,  
l i f e ,  l e s s  h a r s h  o p e r a t i n g  r a n g e s ,  
b i l i t y  a r e  f e a t u r e s  s t r e s s e d  f o r  u 
f o r m .  Another  c h a r a c t e r i s t i c  i S  a 
s o l a r  a r r a y  r e t r a c t a b i l i t y .  T h i s  
d u r i n g  s e r v i c i n g  and r e o r i e n t a t i o n  
o r d e r  t o  reduce d r a g .  I n  a d d i t i o n  
d e s i g n s  must respond t o  power r e q u  

and have a low 
l o n g  d e s i g n  

and h i g h  r e l i a -  
e on  the  p l a t -  
r e q u i r e m e n t  f o r  
s a n e c e s s i t y  
maneuvers i n  

t h e  p l a t f o r m  
rements o f  f e w ,  

r e l a t i v e l y  p r e d i c t a b l e  u s e r s .  
space s t a t i o n  w i l l  be manned, mak ing  s e r v i c i n g  
e v e n t s  p o s s i b l e ,  and w i l l  p r o v i d e  u t i l i t y - t y p e  
power t o  many u s e r s  upon demand. Both  t h e  p l a t -  
form and s t a t i o n  w i l l  i n c o r p o r a t e  a c a p a b i l i t y  f o r  
g r o w t h  .. 

P h o t o v o l t a i c  Power G e n e r a t i o n  

I n  c o n t r a s t ,  t h e  

The power g e n e r a t i o n  s o u r c e  b a s e l i n e d  i n  
Phase B f o r  t h e  s t a t i o n  and p l a t f o r m  was a p l a n a r  
s i l i c o n  f l e x i b l e  p a n e l  a r r a y  u t i l i z i n g  8- b y  8-cm 
s o l a r  c e l l s .  I t  i n c l u d e d  a d u a l  b l a n k e t ,  
d e p l o y m e n t l r e t r a c t i o n  c a p a b i l i t y ,  and p r o t e c t e d  
Kapton  s u b s t r a t e .  O p e r a t i o n a l  v o l t a g e  would be 
a nomina l  160 V dc .  A summary o f  o t h e r  o p t i o n s  
t r a d e d  a g a i n s t  t h e  s e l e c t e d  f e a t u r e s  a r e  shown i n  
Tab le  11 .  

S e v e r a l  k e y  f a c t o r s  fo rmed t h e  b a s i s  and 
r a t i o n a l e  f o r  t h e  s e l e c t e d  d e s i g n .  I t  was t h e  min- 
imum c o s t ,  minimum mass c h o i c e .  The d u a l  b l a n k e t  
d e s i g n  o f f e r e d  an a s p e c t  r a t i o  fo r  t h e  p l a t f o r m  
s o l a r  a r r a y  t h a t  would m i n i m i z e  i n t e r f e r e n c e  w i t h  
t h e  p a y l o a d s '  f i e l d  o f  v i e w .  The d e s i g n  c o u l d  eas- 
i l y  accommodate t h e  l o w e r  p l a t f o r m  power g e n e r a t i o n  
r e q u i r e m e n t s  by  u s i n g  p a n e l  and b l a n k e t  box d e s i g n s  
i d e n t i c a l  to t h e  s t a t i o n  b u t  u s i n g  f e w e r  p a n e l s  and 
a d j u s t i n g  t h e  b l a n k e t  box p r e l o a d .  T h i s  d e s i g n  i s  
a l s o  c o m p a t i b l e  w i t h  t h e  need for r e t r a c t a b i l i t y .  
The c o n c e p t  was f a v o r e d  as w e l l  from t h e  s t a n d p o i n t  
t h a t  i t  had been p r e v i o u s l y  d e m o n s t r a t e d  w i t h  t h e  
OAST-1 f l i g h t  e x p e r i m e n t .  A schemat ic  o f  t h e  s o l a r  
a r r a y  a s s e m b l i e s  i s  shown i n  F i g .  4 .  

Growth i s  a c c o m p l i s h e d  b y  e i t h e r  l a u n c h i n g  t h e  
g r o w t h  c o n f i g u r a t i o n  i n i t i a l l y  or by  r e p l a c i n g  t h e  
e n t i r e  a r r a y  assembly o n - o r b i t .  T h i s  d e s i g n  i s  
expec ted  t o  have a 15 y e a r  s e r v i c e a b l e  l i f e t i m e  
w i t h  the  d e s i g n  p o i n t  for  t h e  s t a t i o n  a t  4 y e a r s  
and f o r  t h e  p l a t f o r m  a t  10 y e a r s .  

Energy S t o r a q e  

The e n e r g y  s t o r a g e  d e v i c e  b a s e l i n e d  i n  Phase B 
f o r  t h e  s t a t i o n  and p l a t f o r m  was an i n d i v i d u a l  
p r e s s u r e  v e s s e l  n i c k e l - h y d r o g e n  b a t t e r y .  The 
r a t i o n a l e  for  t h i s  d e c i s i o n  was t h a t  t h i s  c h o i c e  
was a low mass o p t i o n ,  w i t h  low waste h e a t  d i s s i p a -  
t i o n  r e q u i r e m e n t s ,  and h i g h  r e l i a b i l i t y .  The o t h e r  
o p t i o n s  under  c o n s i d e r a t i o n  were n i c k e l - c a d m i u m  

b a t t e r i e s ,  energy  whee ls ,  and a l k a l i n e  r e g e n e r a t i v e  
f u e l  c e l l s .  Energy wheels d e r e  c o n s i d e r e d  t o  be a t  
t o o  e a r l y  o f  a s tage o f  development and were drop-  
ped e a r l y  as a v i a b l e  o p t i o n  ( F i g .  5 ) .  N i c l c e l -  
cadmium b a t t e r i e s  would impose an ex t reme mass 
p e n a l t y  f o r  b o t h  the  s t a t i o n  and p l a t f o r m .  4 l k a -  
l i n e  r e g e n e r a t i v e  f u e l  c e l l s  ( R F C )  were the  most 
c o m p e t i t i v e  o p t i o n  b u t  p r e s e n t e d  s e v e r a l  drawbacks. 
The f i r s t  o f  these was t h a t  t he  volume was t o o  
l a r g e  f o r  b o t h  a p p l i c a t i o n s  b u t  e s p e c i a l l y  f o r  t h e  
P o l a r  P l a t f o r m  where i t  i s  d e s i r a b l e  t o  package t h e  
energy  s t o r a g e  d e v i c e  and o t h e r  p l a t f o r m  subsystem 
equipment i n  s t a n d a r d  ORU boxes .  Second, t h e  need 
t o  d i s s i p a t e  h i g h  h e a t  l o a d s  g e n e r a t e d  by t h e  RFC 
r e q u i r e s  a s i g n i f i c a n t l y  l a r g e r  r a d i a t o r  s u r f a c e .  
W h i l e  t h i s  imposes a m a s s  p e n a l t y  on  t h e  s t a t i o n ,  
t h e  p l a t f o r m  u t i l i z e s  a p a s s i v e  thermal  c o n t r o l  
sys tem by r a d i a t i n g  o f f  t h e  s i d e  s u r f a c e s  o f  t he  
s t a n d a r d  ORU boxes .  The l a r g e  s i z e  and i n c r e a s e d  
mass make t h i s  approach i n f e a s i b l e .  F i n a l l y ,  i t  i s  
unknown i f  t h e  RFC c o u l d  meet a 100 p e r c e n t  power 
r e q u i r e m e n t  a f t e r  a s i n g l e  f a i l u r e  on  t h e  p l a t f o r m  
w i t h o u t  i n c o r p o r a t i n g  an e x t r e m e  amount o f  redun- 
dancy and i n c r e a s i n g  mass, making i t s  r e l i a b i l i t y  
q u e s t i o n a b l e .  A s  a r e s u l t ,  a n i c k e l - h y d r o g e n  b a t -  
t e r y  ( F i g .  6 )  was s e l e c t e d  as t h e  b a s e l i n e .  I t  
wou ld  be compr ised o f  3 . 5  i n .  d i a m e t e r  c e l l s  o f  t h e  
p i n e a p p l e - s l i c e  d e s i g n .  However, t h e  c a p a c i t y  
remained an i s s u e  w i t h  WP-04 b a s e l i n i n g  a 65 AH 
c e l l  and WP-03 b a s e l i n i n g  a 40 AH c e l l .  The d i f -  
f e r e n c e  h i n g e d  p r i m a r i l y  upon t h e r m a l  c o n t r o l  con- 
s i d e r a t i o n s .  N i c k e l - h y d r o g e n  c e l l s  have f l o w n  i n  
s p a c e c r a f t  b u t  i n  geosynchronous o r b i t  w i t h  a d i f -  
f e r e n t  c y c l e  reg ime t h a n  t h e  l o w - E a r t h  o r b i t  c y c l e  
i n  t h e  space s t a t i o n  program. The f i v e  y e a r  d e s i g n  
l i f e  needed f o r  t h e  b a t t e r i e s  aboard  t h e  space s t a -  
t i o n  and p l a t f o r m  i s  c o n s i d e r e d  a c h i e v a b l e  a l t h o u g h  
n o t  y e t  p r o v e n .  Growth would be a c c o m p l i s h e d  by  
r e p l i c a t i o n  o f  b a t t e r y  a s s e m b l i e s  t o  meet i n c r e a s -  
i n g  power r e q u i r e m e n t s .  

Power Management and D i s t r i b u t i o n  

The f u n c t i o n s  of  power management and d i s t r i -  
b u t i o n  on t h e  P o l a r  P l a t f o r m  p a r a l l e l  t h o s e  o f  t h e  
Space S t a t i o n  Freedom. The f u n c t i o n s  b e g i n  w i t h  
t h e  acceptance o f  160 V dc and i n v e r t i n g  i t  t o  
208 V ac ,  20 kHz, s i n g l e - p h a s e  power.  T h i s  i s  
a c c o m p l i s h e d  u s i n g  a s e r i e s  r e s o n a n t  s w i t c h i n g  
t o p o l o g y  i n  t h e  i n v e r t e r  u n i t s .  Power o u t p u t  and 
v o l t a g e  o u t p u t  r a t i n g s  d i f f e r  between t h e  s t a t i o n  
and p l a t f o r m  i n v e r t e r  u n i t s  as e x p e c t e d .  Each o f  
t h e  s t a t i o n  i n v e r t e r s  i s  r a t e d  25 kVA w i t h  an o u t -  
p u t  v o l t a g e  o f  440 V ac .  Each o f  t h e  p l a t f o r m  
i n v e r t e r s  i s  r a t e d  5 kVA w i t h  an o u t p u t  v o l t a g e  o f  
208 V a c .  The i n i t i a l  number o f  i n v e r t e r  u n i t s  on 
t h e  p l a t f o r m  i s  f o u r ,  wh ich  meet p rogram r e q u i r e -  
ments for  normal and peak power and sys tem f a u l t  
t o l e r a n c e .  

The second f u n c t i o n  o f  t h e  EPS sys tem i s  t o  
p r o v i d e  sys tem and l o a d  f a u l t  p r o t e c t i o n .  T h i s  
f u n c t i o n  i s  p r o v i d e d  by  ac remote  power c o n t r o l l e r s  
(RPC). The RPC's a r e  s o l i d - s t a t e  s w i t c h i n g  d e v i c e s  
wh ich  i n c l u d e  programmable t r i p  s e t t i n g s  and p r o -  
grammable t i m e  t o  t r i p  s e t t i n g s .  The d e v i c e s  p r o -  
v i d e  v o l t a g e ,  c u r r e n t ,  and s t a t u s  d a t a  t o  the  power 
management c o n t r o l l e r  f o r  t h e  purpose o f  m o n i t o r i n g  
t h e  EPS s y s t e m ' s  h e a l t h  and o p t i m i z i n g  t h e  usage o f  
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Dower. The c u r r e n t  r a t i n g s  o f  t h e  RPC's p r o v i d e d  
fo r  s t a t i o n  and p l a t f o r m  use w i l l  c o v e r  l o a d s  of 
10 W t o  15 kW. 

A d d i t i o n a l  common hardware f o r  s t a t i o n  and 
p l a t f o r m  use a r e  a c / d c  and d c / d c  c o n v e r t e r s  o f  
100 W o u t p u t  r a t i n g s .  These c m v e r t e r s  w i l l  p r o -  
v i d e  28 V dc ,  i 1 5  V dc  and t5 V dc o u t p u t s  for con- 
t r o l  v o l t a g e  r e q u i r e d  b y  t h e  ha rdware  and system 
c o n t r o l  o r o c e s s o r s .  

DESIGN AND DEVELOPMENT (PHASE C/D) 

Phase C / D  o f  t h e  space s t a t i o n  p rog ram i s  i n  
p r o g r e s s .  Work i s  p r o c e e d i n g  w i t h  an  i n t e r a c t i v e  
p rocess  between t h e  work package c e n t e r s  and L e v e l  
I 1  o f  r e f i n i n g  d e s i g n  r e q u i r e m e n t s  and h o n i n g  i n  o n  
d e s i g n s .  The power g e n e r a t i o n  and e n e r g y  s t o r a g e  
t e c h n o l o g y  s e l e c t i o n s  i d e n t i f i e d  i n  Phase B con- 
t i n u e  t o  be t h e  o p t i o n s  o f  c h o i c e  f o r  t h e  p h o t o v o l -  
t a i c  system. B u t  t h e  p rog ram has i n t r o d u c e d  a 
number o f  k e y  changes t o  t h e  p rog ram b a s e l i n e s  t h a t  
r e q u i r e  s i g n i f i c a n t  changes t o  t h e  d e s i g n  b a s e l i n e s  
o f  common p l a t f o r m  and s t a t i o n  ha rdware .  The f i r s t  
o f  t h e s e  has been a change i n  t h e  secondary  d i s t r i -  
b u t i o n  sys tem on t h e  s t a t i o n  and p l a t f o r m  f r o m  a 
20 kHz a r c h i t e c t u r e  t o  a 120 V dc a r c h i t e c t u r e .  
I n  l i g h t  o f  t h i s ,  a change i n  t h e  b a s e l i n e  d e s i g n  
o f  t h e  s o l a r  a r r a y  t o  p roduce  a 120 V dc  a r r a y  for 
p r i m a r y  d i s t r i b u t i o n  on t h e  P o l a r  P l a t f o r m  r a t h e r  
t h a n  a 160 V dc  a r r a y  i s  b e i n g  i n v e s t i g a t e d .  T h i s  
c o u l d  e f f e c t i v e l y  change t h e  l e v e l  o f  s o l a r  a r r a y  
i d e n t i c a l i t y  from t h e  pane l  to t h e  p r o d u c t i o n  mod- 
u l e  l e v e l .  O t h e r  impac ts  i n c l u d e  t h e  e l i m i n a t i o n  
of t h e  d c l a c  i n v e r t e r s  and t h e  a c / d c  c o n v e r t e r s  
and t h e  rep lacemen t  o f  t h e  ac  RPC's w i t h  dc  RPC's.  
A second k e y  p rog ram change was t h e  b a s e l i n i n g  o f  
an  expendab le  l a u n c h  v e h i c l e  (ELV) t o  l a u n c h  t h e  
P o l a r  P l a t f o r m .  T h i s  means t h a t  t h e  common ha rd -  
ware must  be  des igned  fo r  c o m p a t i b i l i t y  w i t h  t h e  
e n v i r o n m e n t  imposed b y  t h i s  v e h i c l e  as w e l l  as 
t h a t  of t h e  space s h u t t l e .  

I n  o r d e r  t o  converge  cn a d e s i g n  i n  a r e a s  
where a d i s c r e p a n c y  e x i s t s .  WP-03 and WP-04 con- 
t i n u e  t o  exchange t e c h n i c a l  i n f o r m a t i o n .  WP-03 and 
WP-04 met  s p e c i f i c a l l y  t o  d i s c u s s  t h e r m a l  c o n s i d e r -  
a t i o n s  for t h e  b a t t e r i e s  o n  t h e  p l a t f o r m  and t h e s e  
d i s c u s s i o n s  r e s u l t e d  i n  a d e c i s i o n  t o  b a s e l i n e  a 
81 A H  b a t t e r y  assembly f o r  use on t h e  s t a t i o n  and 
p l a t f o r m s .  S o l a r  a r r a y  s i z i n g  f a c t o r s  were d i s -  
cussed,  l e a d i n g  t o  a n o t h e r  a l t e r a t i o n  t h a t  s h i f t e d  
t h e  s o l a r  a r r a y  d e s i g n  p o i n t  from 10 to  5 y e a r s .  
O t h e r  a r e a s  addressed  d u r i n g  t e c h n i c a l  i n t e r c h a n g e  
m e e t i n g s  have been t h e  use of a common g i m b a l  
d e s i g n  for s o l a r  a r r a y  p o i n t i n g  o n  t h e  s t a t i o n  and 
p l a t f o r m .  T h i s  i t e m ,  by mutua l  agreement  was d i f -  
f e r e n t  enough i n  form and f u n c t i o n  and had  many 
d i f f e r e n t  c o n s t r a i n t s  d r i v i n g  t h e  d e s i g n s  f o r  t h e  
p l a t f o r m  and s t a t i o n  a p p l i c a t i o n s ,  t o  c o n s i d e r  mak- 
i n g  t h i s  i t e m  u n i q u e  and p roduced  b y  WP-03. The 
p r o c e s s  f o l l o w e d  t o  b r i n g  t h i s  a b o u t  i s  d e s c r i b e d  
i n  F i g .  7 .  A f i n a l  d e c i s i o n  has n o t  y e t  been 
reached .  Through t h e  t e c h n i c a l  i n t e r c h a n g e  meet- 
i n g s  and d i s c u s s i o n s  t h e  f o l l o w i n g  l i s t  o f  c u r r e n t  
WP-04 t o  WP-03 d e l i v e r a b l e s  shown i n  T a b l e  111 has 
been g e n e r a t e d .  

WHAT'S N E X T  

There i s  s t i l l  a g r e a t  dea l  of c o o r d i n a t i o n  
y e t  t o  be done between t h e  e l e c t r i c  powe? system 
p r o v i d e r ,  WP-04, and t h e  p l a t f o r m  program e lemen t  
p r o v i d e r ,  NP-03. T h i s  i s  needed t o  r e s o l v e  d i s -  
c r e p a n c i e s  i n  t h e  i n t e r s i t e  d e l i v e r a b l e s  l i s t s ,  
vJhich i n d i c a t e  t h e  ha rdware  d e l i v e r a b l e s  between 
N A S A  c e n t e r s .  
ment and f l i g h t  f i d e l i t y ,  q u a n t i t i e s  o f  each d e l i v -  
e r a b l e ,  and d e l i v e r y  d a t e s  must  s t i l l  be n e g o t i a t e d  
i n  many cases .  
must  be comp le ted  and i n s t a l l e d  i n  t h e  a p p r o p r i a t e  
documents t o  f low down inJo t h e  d e s i g n  s p e c i f i c a -  
t i o n s .  The t e s t  and v e r i f i c a t i o n  p l a n s  o f  each t h e  
work packages must  be d i s c u s s e d  and complementary 
approaches deve loped  fo r  t h e  ha rdware  t h a t  i s  t o  be  
t r a n s f e r r e d  between work packages.  T h i s  i n c l u d e s  
f u r t h e r  d e f i n i t i o n  of s u p p o r t  equ ipmen t .  I n t e r a c -  
t i o n  w i l l  a l s o  o c c u r  d u r i n g  t h e  p r e l i m i n a r y  d e s i g n  
r e v i e w  (PDR) and c r i t i c a l  d e s i g n  r e v i e w  (CDR) p r o -  
cesses.  WP-03 w i l l  p a r t i c i p a t e  i n  t h e  WP-04 r e v i e w  
of t h e  c o n t r a c t o r ' s  o v e r a l l  d e s i g n  approach for  
s e l e c t e d  f l i g h t  and g round  systems ha rdware  c o n f i g -  
u r a t i o n s  t h a t  w i l l  a l s o  be used on t h e  P o l a r  P l a t -  
form. The PDR w i l l  a s s u r e  c o m p a t i b i l i t y  w i t h  t h e  
program and a f f e c t e d  work package r e q u i r e m e n t s  and 
t h e  p r o d u c a b i l i t y  of t h e  d e s i g n  approach.  The 
r e s u l t s  o f  t h i s  r e v i e w  w i l l  c o n s t i t u t e  an upda te  
t o  t h e  c o n f i g u r a t i o n  b a s e l i n e  and a p p r o v a l  o f  t h e  
approach so t h a t  t h e  c o n t r a c t o r  may p roceed  w i t h  
d e t a i l e d  d e s i g n .  When t h e  d e t a i l e d  d e s i g n  i s  
e s s e n t i a l l y  comp le te ,  a CDR w i l l  be h e l d ,  a l s o  w i t h  
p a r t i c i p a t i o n  b y  WP-03, t o  d e t e r m i n e  comp l iance  o f  
t h e  comp le ted  d e s i g n  w i t h  t h e  t e c h n i c a l  r e q u i r e -  
ments o f  t h e  NASA b a s e l i n e .  The r e s u l t s  o f  t h i s  
r e v i e w  w i l l  c o n s t i t u t e  a n o t h e r  u p d a t e  t o  t h e  con- 
f i g u r a t i o n  b a s e l i n e .  Approva l  of t h e  approach  
i d e n t i f i e s  t h e  p r o d u c t i o n  b a s e l i n e s .  

I t ems  fo r  d e l i v e r y  a t  t h e  deve lop -  

A s e t  o f  d e f i n i t i v e  r e q u i r e m e n t s  

K E Y  CHALLENGES 

The k e y  c h a l l e n g e  of t h i s  p r o j e c t  i n  terms of 
commona l i t y  comes from t h e  s i z e  and scope of t h e  
program. The number o f  end i t e m s  b e i n g  p roduced ,  
t h e  number of c e n t e r s  and c o n t r a c t o r s  i n v o l v e d  i n  
p r o d u c i n g  them, t h e  d i v e r s i t y  of t h e  m i s s i o n s  t h e y  
w i l l  be used for ,  t h e  d i f f e r e n t  l a u n c h  v e h i c l e s  
t h a t  w i l l  p l a c e  them i n  o r b i t ,  and a l l  t h e  f u n c -  
t i o n a l  and p h y s i c a l  i n t e r f a c e s  t o  c o n t r o l  make t h i s  
a v e r y  d i f f i c u l t  t a s k  t o  manage. I n  g e n e r a l  i t  i s  
a v e r y  dynamic p rog ram r e q u i r i n g  q u i c k  r e a c t i o n s  t o  
p rog rammat i c  changes and f a s t - p a c e d  p l a n n i n g .  Once 
changes a r e  i n  p l a c e ,  however ,  t h e  t r a i l  o f  p r o -  
grammat ic  i n t e r f a c e s ,  t h e  d o c u m e n t a t i o n  c h a i n ,  and 
c o n t r a c t u a l  s t r u c t u r e  t h a t  must  be upda ted  t o  
i n c o r p o r a t e  t h e s e  i s  so i n t r i c a t e  t h a t  t h e  a c t u a l  
i m p l e m e n t a t i o n  i n  many cases o c c u r s  much l a t e r .  

CONCLUSION 

The Space S t a t i o n  Freedom and P o l a r  P l a t f o r m  
w i l l  be some o f  t h e  most complex space f a c i l i t i e s  
e v e r  b u i l t .  
i n v o l v e d  i n  d e f i n i n g  t h e  power sys tem fo r  these  
a p p l i c a t i o n s  b y  d e t e r m i n i n g  t h e  p r a c t i c a l  l e v e l  of 
common ha rdware .  T h i s  i s  c o o p e r a t i v e l y  b e i n g  done 

WP-03 and -04 have been j o i n t l y  
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with the goal of reducing the program cost of 
design, development, testing, assembly and check- 
out, and operation of these facilities. The 
configuration of the hardware that has been deter- 
mined to be common is currently being refined. 
Production of Polar Platform and Space Station 
Freedom hardware is scheduled to begin in 1992. 
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TABLE I. - POWER SYSTEM COMMONALITY 
CANDIDATES 

[The Electric power system hardware for 
the platform will be provided by WP-04 
unless a program decision is made to 
make the item unique. In that case, 
the item would be designed and devel- 
oped by WP-03. I 

Photovoltaic silicon solar array 
Nickel-hydrogen batteries 
Battery charge regulator 
Battery discharge regulator 
Inverters, dc/ac 
Remote bus isolators (RBI), dc 
Fault isolators 
Converters, acldc 
Converters. dc/dc 
Remote power controllers (RPC), ac 
Beta gimbal 
Sequential shunt unit (SSU)  

2 .  Photovoltaic System Recommendations: Configu- 
ration Selections for Station and Platform EPS 
NASA LERC Space Station Systems Presentation, 
Jan. 1986. 

3. Energy Storage Trade Study. TRW Space and 
Technology Group, Nov. 1985. 

4 .  Work Package 4 Configuration Management Plan. 
NASA LeRC-SS-0012, Mar. 15, 1989. 

5 .  Work Package 03 System Concept Review Presenta- 
tion Package. GE Astro Space, Mar. 15, 1989. 

6 .  Space Station Commonality Process Requirements. 
SSP 30285, Rev. A, June 30. 1988. 

TABLE 11. - SOLAR ARRAY TRADE STUDY OPTIONS 

(a) Cell characteristics 

Selected feature 

P1 anar 

Silicon 

Infrared trans- 
parent 5SFa 

&mil cover 
glass 

Ceria cover 
glass 

E-mil cell 

E by 8 cm 

Other trade study options 

Concentrator 

Gallium arsenide 

Infrared reflective BSF/BSRa,b 
Conventional BSF/BSR~ 7 b 
B S R ~  

2-mil cover glass 
4-mil cover glass 
E-mil cover glass 

Fused-silica cover glass 
Microsheet 

6-mil cell 
10-mil cell 
12-mil cell 

2 by 4 cm 
3 by 6 cm 
6 by 6 cm 

(b) Array characteristics 

Selected feature 

Deployable/ 
retractable 

Flexible blanket 

Protected Kapton 

Other trade study options 

DeployablelErectable 

Rigid panel 

Kapton-F 
PTFE (Teflon) and Si02 
Others 

Single blanket array wing Dual blanket 
array wing 

Nominal 160 V dc 200 V dc 
400 V dc 
,400 V dc 

aBack-side field. 
bEack-side reflective. 
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TABLE 111. - WP-04 TO WP-03 DELIVERABLES 

[In addition to these items a solar array 
handling set and transport container 
will be shared by WP-03 and WP-04 i f  
scheduling permits.] 

F b  LEVEL I SPACE STATION OSSA (CODE E )  

PROGRAM NASA HQ d-1 
LEVEL I 1  PSC - GRUllMAN c--) 

3 

SPACE STATION 
- - PROGRAM OFFICE 

TMIS - BOEING c--) 

I 

Solar array wing assembly 
Solar array mechanical simulator 
Solar array electrical simulator 
Sequential shunt unit (SSU) 
Solar array cannister simulator 
Nickel-hydrogen battery pack (Workhorse) 
Nickel-hydrogen battery pack (Qual) 
Nickel-hydrogen battery pack (Flight) 
Nickel-hydrogen battery pack mounting plate 

Battery charger/regulator 
RBI's, dc 
Fault interrupters 
Photovoltaic control element (PVCE) 
Battery monitor 
Remote power controllers, dc 

si mu 1 ator 

L 

PSC = PROGRAM SUPPORT CONTRACTOR 
SSE = SOFTWARE SUPPORT ENVIRONRENT 
TMIS = TECHNICAL AND M N A G E M N T  INFORMATION SYSTEM 
OSSA = OFFICE FOR SPACE AND SCIENCE APPLICATIONS 
NSTS = NATIONAL SPACE TRANSPORTATION SYSTEM 

J 
FIGURE 1 .  - SPACE STATION ROLES. 

5 



- HIGH GAIN ANTENNA7 A 

VELOCITY 

NAD I R 

FIGURE 2. - U.S. POLAR PLATFOR\ BASELINE CONFIGURATION. 

ORU's) 

FIGURE 3.  - SPACE STATION PHASE 1 BASELINE CONFIGURATION. 
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GUIDE 
WIRES 

ENERGY ATTRIBUTE STATION 
STORAGE 

TYPE lot FUTURE 

Mk14.4 FT 
' 

TENSION WIRES 

PLATFORR 

IOC. FUTURE 
1 

FIGURE 4. - NOVEMBER 1987 BASELINE STATION AND PLATFORR 
SOLAR ARRAY DESIGN. 

WEIGHT 

RECOmNDED FOR IOC 

LAST LAST 1 LAST 1 LAST 

N l C d  COST LAST LAST SECOND LAST 

RISK I FIRST I LAST I FIRST I LAST 

RFC 

WEIGHT SECOND SECOND SECOND SECOND 

COST SECOND SECOND LAST SECOND 

RISK LAST FIRST LAST FIRST 

FIGURE 5. - ENERGY STORAGE TRADE STUDY RATINGS. 

FIGURE 6 .  - NOVERBER 1987 BASELINE STATION AND PLATFORR BATTERY 
ASSEMBLY. 
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REPORT STATUS 
TO LEVEL I I  INTEGRATE REQTS . 

PREPARE ITEM SPEC. 

PROVIDER/USER 
MEETINGS TO - 

GENERATE REQTS. 

PREPARE N I N l  SPEC 

UPDATE 
ACD 

UP = WORK PACKAGE 
ACD = ARCHITECTURAL CONTROL DOCURENT 
CR = CHANGE REQUEST 
SSCB = SPACE STATION CONTROL BOARD 

PREPARE TO 
- PRESENT TO 4 To SSCB LEVEL I I  

BOTH PARTIES AGREE 
WITH CoElMoN ITEM SPEC 

CONF I RMED 

AT LEAST 
ONE PARTY 
DISAGREES 

NOTIFY 
LEVEL I I  

~ SCHEDULES 
FORML d MEETING 

MEETING OF 
INTERESTED 
PARTIES 

PARTIES 
DISAGREE 

MC I SION 

FIGURE 7. - COPmONALITY PROCESS. 
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