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POWER TRANSMISSION STUDIES FOR TETHERED SP-100 

D a v i d  J .  B e n t s  
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  

L e w i s  Research  C e n t e r  
C l e v e l a n d ,  O h i o  44135 

ABSTRACT 

The t e t h e r / t r a n s m i s s i o n  l i n e  c o n n e c t  
to  space s t a t i o n  p r e s e n t s  some u n o r t h o d o x  
h i g h - v o l t a g e  e n g i n e e r i n g ,  power  t r a n s m i s s  
t r i b u t i o n .  A l t h o u g h  i t  i s  b e l i e v e d  t h a t  
s t r a i g h t f o r w a r d  a p p l i c a t i o n  of t e r r e s t r i a  

n g  t h e  SP-100 
c h a l l e n g e s  i n  
o n ,  and d i s -  
e l a t i v e l y  

HV t e c h n o l -  
o g y  can  answer  mos t  of t h e s e  c h a l l e n g e s  t h e r e  a r e  sev-  
e r a l  new i s s u e s ,  p r o b l e m s  u n i q u e  t o  t h i s  c o n c e p t  w h i c h  
r e q u i r e  f u r t h e r  s t u d y .  The l i n e ,  w h i c h  d o u b l e s  as  a 
s t r u c t u r a l  e l e m e n t  of t h i s  u n u s u a l  s p a c e c r a f t ,  w i l l  
convey  HVDC from SP-100 t o  t h e  p l a t f o r m  i n  l o w - e a r t h  
o r b i t ,  a n  e n v i r o n m e n t  where  t h e  l o c a l  o lasma i s  s u f f i -  
c i e n t  t o  cause  b reakdown o f  exposed  c o n d u c t o r s  a t  
p o t e n t i a l s  of o n l y  a few h u n d r e d  v o l t s .  I t s  a n t i c i -  
p a t e d  s e v e r a l  y e a r s  o p e r a t i o n ,  and  c o n t i n u o u s l y  accumu- 

g l a t i n g  e x p o s u r e  t o  m e t e o r o i d s  and  d e b r i s ,  r a i s e s  a n  
;, I n c r e a s i n g  l i k e l i h o o d  t h a t  m e c h a n i c a l  damage, i n c l u d i n g  

p e r f o r a t i o n ,  w i l l  be s u s t a i n e d  i n  s e r v i c e .  The p r e s -  
e n t  c o n c e p t  emp loys  a n  a r r a y  o f  gas  i n s u l a t e d  s o l i d  
w a l l  a l u m i n u m  c o a x i a l  t u b e s ;  a c o n c e p t u a l  d e s i g n  w h i c h  
showed b a s i c  f e a s i b i l i t y  of t h e  SP-100 powered  space 
s t a t l o n .  P r a c t i c a l  c o n s l d e r a t t o n s  of l a u n c h ,  d e p l o y -  
ment  and  a s s e m b l y  have  l e a d  t o  i n v e s t i g a t i o n  o f  r e e l -  
d e p l o y a b l e ,  d i e l e c t r i c  i n s u l a t e d  c o a x i a l  c a b l e s ,  
v e r s u s  a u t o m a t e d  s t a c k i n g l a s s e m b l y  for t h e  t u b e s .  To 
be c o m p e t i t i v e  t h e  d i e l e c t r i c  would have  t o  o p e r a t e  
r e l i a b l y  i n  a r a d i a t i o n  e n v i r o n m e n t  u n d e r  e l e c t r i c a l  
s t r e s s e s  e x c e e d i n g  50 kV /cm.  The S P - l O O / t r a n s m i s s i o n  
l i n e / p l a t f o r m  h i g h - v o l t a g e  i n t e r f a c e s  a r e  a l s o  c o n s i d -  
e r e d .  S t a r t i n g  from t h e  s o u r c e  (SP-100) .  whose power  
o u t p u t  i s  low v o l t a g e ,  a h i g h - f r e q u e n c y  i n v e r t e r  and 
i t s  c o n n e c t i o n s  a r e  u s e d  t o  s i m u l t a n e o u s l y  p r o v i d e  
v o l t a g e  b o o s t ,  c i r c u i t  s w i t c h i n g ,  and  f a u l t  p r o t e c t i o n .  

DISCUSSION 

The SP-100 n u c l e a r  space power  s y s t e m  can  be u s e d  
t o  p r o v i d e  power  t o  a manned LEO p l a t f o r m  such  as  space 
s t a t i o n  when i t  i s  t e t h e r e d  h i g h  enough above t h e  p l a t -  
form t:, r e d u c e  r e a c t o r  a t t r i b u t a b l e  a s t r o n a u t  r a d i a t i o n  
dosage t o  low l e v e l s  ( 1 ) .  I n  t h i s  i n s t a l l a t i o n  me thod ,  
SP-100 i s  t e t h e r e d  some 1 t o  5 km above  t h e  p l a t f o r m ,  
a l l o w i n g  a n  i n s t r u m e n t - r a t e d  s h i e l d  d e s i g n  t o  s e r v e  a s  
a m a n - r a t e d  c o n f i g u r a t i o n  for  a l l  l o c a t i o n s  n e a r  t h e  

1 

space s t a t i o n .  The a d v a n t a g e  of t h i s  me thod  i s  t h a t  
r e a c t o r  s h i e l d  mass i s  t r a d e d  for s e p a r a t i o n  d i s t a n c e ,  
r e s u l t i n g  i n  g r e a t l y  r e d u c e d  o v e r a l l  s y s t e m  mass f o r  
t h i s  i n s t a l l a t i o n .  The r e s u l t i n g  c o n c e p t  r e q u i r e s  
power  t o  be t r a n s m i t t e d  from t h e  power  s o u r c e  t o  t h e  
manned p l a t f o r m  o v e r  a d i s t a n c e  of 1 t o  5 km. S i n c e  
t h e  SP-100 emp loys  t h e r m o e l e c t r i c  c o n v e r s i o n  i t s  
output i s  200 VDC. h i g h e r  v o l t a g e  t h a n  m o s t  o f  t h e  
p l a t f o r m  l o a d s  b u t  n o t  h i g h  enough for  r e a s o n a b l e  
t r a n s m i s s i o n  l i n e  mass. F o r  r e a s o n a b l e  c o n d u c t o r  mass 
h i g h - v o l t a g e  t r a n s m i s s i o n  i s  n e c e s s a r y .  P r e v i o u s  work 
( 2 . 3 )  has  shown t h a t  i t  i s  p o s s i b l e  t o  c o n n e c t  t h e  
SP-100 t o  t h e  p l a t f o r m  w i t h  a n  a r r a y  o f  c o a x i a l  t u b e s  
w h i c h  s e r v e  as  f u l l y  e n c l o s e d  h i g h - v o l t a g e  c o n d u c t o r s  
c o m p l e t e l y  i s o l a t e d  f r o m  t h e  space p lasma e n v i r o n m e n t .  
A l t h o u g h  t h e  SPEAR e x p e r i m e n t  ( 4 . 5 )  has  shown t h a t  i t  
may be p o s s i b l e  t o  expose  h i g h  v o l t a g e s  t o  t h a t  e n v i -  
ronmen t  w i t h o u t  b reakdown,  p lasma b e h a v i o r  i s  a c t u a l l y  
d e p e n d e n t  o n  l o c a l  g r a d i e n t  - for  examp le ,  i n  SPEAR, 
g r e a t  c a r e  was t a k e n  i n  d e s i g n  o f  t h e  s p a c e c r a f t  t o  
e n s u r e  t h a t  t h e  v o l t a g e  g r a d i e n t s  a c t u a l l y  seen b y  t h e  
p l a s m a  were  m o d e r a t e ,  l e s s  t h a n  400 v /cm.  For t h e  con-  
d u c t o r  s i z e s  and  c r o s s - s e c t i o n s  t y p i c a l l y  a s s o c i a t e d  
w i t h  e c o n o m i c a l  HV power  t r a n s m i s s i o n ,  however ,  much 
h i g h e r  g r a d i e n t s  a r e  p r e s e n t .  The c o a x i a l  t u b e  a r r a y  
a l s o  u s e d  h igh  g r a d i e n t s  (20  t o  100 kV/cm) b u t  a v o i d s  
t h e  space  p lasma e x p o s u r e / i n t e r a c t i o n  p r o b l e m  b y  
e m p l o y i n g  t h e  s p a c e c r a f t  h u l l  a s  a G a u s s i a n  s h e l l ,  
w i t h  t h e  j a c k e t  w a l l  o f  ,each t u b e  a n  e x t e n s i o n  o f  t h a t  
s u r f a c e .  

w i t h i n  t u b e s ,  t h e  p lasma e n v i r o n m e n t  i s  removed from 
c o n s i d e r a t i o n  b u t  s i n c e  p e r f o r a t i o n  of a t u b e  b y  mete-  
o ro id  i m p a c t  w i l l  cause  t h e  t u b e  t o  f a i l ,  t h e  m e t e o r o i d  
e n v i r o n m e n t  i s  n o t  removed from c o n s i d e r a t i o n .  Due t o  
s u r f a c e  e x p o s u r e  a l o n g  i t s  l e n g t h  o v e r  p r o l o n g e d  p e r i -  
o d s  of t i m e  t h e  c o a x i a l  a r r a y  w i l l  b e  s u b j e c t  t o  mete-  
o r o i d  s t r i k e s .  I n  t h e  d e s i g n  p r o c e s s ,  g r e a t  c a r e  i s  
t a k e n  w i t h  r e s p e c t  t o  a r r a y  l a y o u t  g e o m e t r y ,  b u m p e r i n g  
a n d  d i m e n s i o n s ,  and  number o f  r e d u n d a n t  t u b e s  so t h a t  
a p a r t i c l e  l a r g e  enough t o  cause  p e r f o r a t i o n  has  low 
p r o b a b i l i t y  o f  i m p a c t ,  and t h a t ,  i n  t h e  e v e n t  o f  t u b e  
p e r f o r a t i o n ,  t h e r e  w i l l  r e m a i n  a s u f f i c i e n t  number o f  

By f u l l y  e n c l o s i n g  t h e  h i g h - v o l t a g e  c o n d u c t o r s  

t u b e s  s u r v i v i n g  t o  c o n t i n u e  t h e  m i s s i o n .  The d e s i g n  

I 
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p r o c e d u r e  f o r  m e t e o r 0  
c u s s e d  f n  R e f s .  2 and 
w e i g h t  two s h e e t  a lum 
deve 1 oped  by Lundberg  
m e t e o r o i d  e n v i r o n m e n t  
o f  NASA SP 8013 ( 7 ) .  

d r e s i s t a n c e ,  p r e v i o u s l y  d i s -  
3 1 s  a d a p t e d  from t h e  "minimum 
num b a r r i e r "  a r m o r i n g  method 

S t e r n ,  and Bristow (6); t h e  
c h a r a c t e r i z a t i o n  assumed i s  t h a t  

S i n c e  t h i s  t r a n s m i s s i o n  l i n e  i s  i n t e g r a t e d  w i t h  a 
n u c l e a r  r e a c t o r  t h a t  i s  n o t  h e a v i l y  s h l e l d e d ,  t h e  r a d i -  
a t i o n  e n v i r o n m e n t  i s  i n c r e a s e d  compared w i t h  t h e  n a t u -  
r a l  LEO e n v i r o n m e n t ;  i . e . ,  n e a r  t h e  r e a c t o r ,  t h e  t u b e  
a s s e m b l i e s  a r e  s u b j e c t  t o  g r e a t l y  i n c r e a s e d  bombardment  
of h i g h - e n e r g y  i o n i z i n g  r a d i a t i o n .  The c o a x i a l  t u b e  
g e o m e t r y ,  w i t h  a l o c a l l y  g r o u n d e d  t u b e  s u r r o u n d i n g  an 
e n e r g i z e d  c e n t e r  c o n d u c t o r  bombarded b y  h i g h - e n e r g y  
p a r t i c l e s ,  i s  s i m i l a r  t o  a G e i g e r  c o u n t e r  t u b e .  I f  t h e  
r a d i a t i o n  i n d u c e d  i o n i z i n g  c u r r e n t  i s  low enough,  and 
t h e  i o n  e n e r g y  i s  d i s s i p a t e d  w i t h i n  t h e  t u b e  a s s e m b l y  
a t  a f a s t e r  r a t e  t h a n  i t  i s  i m p a r t e d ,  a v a l a n c h e  b r e a k -  
down can be a v o i d e d .  The r a d i a t i o n  e n v i r o n m e n t  i n  t h e  
v i c i n i t y  o f  SP-100 i s  n o t  i n s i g n i f i c a n t .  For compo- 
n e n t s  i n  a dosage p l a n e  25 m b e h i n d  t h e  s h i e l d  t h e  
a c c u m u l a t e d  r a d i a t i o n  dosage s p e c i f i c a t i o n  i s :  

F a s t  n e u t r o n s  1 . 0 ~ 1 0  exp 13 n v t  

O p e r a t i n g  gammas 5x10 exp 5 r a d  S i  

over a 7 y e a r  p e r i o d .  Assuming  a r a d  c o n v e r s i o n  f a c t o r  
o f  1x10 exp -8 f o r  2 t o  10 MeV n e u t r o n s ,  t h i s  i s  e q u i v -  
a l e n t  t o  1 . 6  r a d / h r  and 8 . 2  r a d / h r  r e s p e c t i v e l y ;  y i e l d -  
i n g  an i o n i z i n g  c u r r e n t  l e s s  t h a n  0 . 0 0 1  p A / c c  e n c l o s e d  
v o l u m e .  C l o s e r  t o  t h e  r e a c t o r  t h i s  v a l u e  w o u l d  s t i l l  
be l e s s  t h a n  1 p A / c c  ( i m r n e d l a t e l y  b e h i n d  t h e  s h i e l d ) .  

COAXIAL TUBE ARRAYS 

Even t h o u g h  t h e  t r a n s m i s s i o n  e n v i r o n m e n t  d i f f e r s  
f r o m  t e r r e s t r i a l  p r a c t i c e ,  t h e  o b j e c t i v e  o f  a r r a y  and  
t u b e  d e s i g n  i s  t o  t r a n s m i t  power a t  t h e  a l l o w e d  loss 
l e v e l  w i t h  minimum l i n e  mass.  To r e d u c e  t h e  amount  o f  
c o n d u c t o r  m a t e r i a l  and m i n i m i z e  v u l n e r a b l e  a r e a ,  t u b e  
d i m e n s i o n s  a r e  k e p t  as s m a l l  as p o s s i b l e  c o n s i s t e n t  
w i t h  t h e  e l e c t r i c  f i e l d  s t r e n g t h  t h a t  can  be w i t h s t o o d  
w i t h i n  t h e  t u b e .  

Tube d i a m e t e r  r e l a t i o n s h i p s  a r e  f i x e d  b y  minimum 
E f i e l d  ( v o l t a g e  g r a d i e n t )  c o n s i d e r a t i o n s  and e q u a l  
c o n d u c t o r  c r o s s  s e c t i o n s  f o r  f o r w a r d  and r e t u r n  p a t h s  
(3). C o n d u c t o r  cross s e c t i o n  i s  d e t e r m i n e d  b y  c u r r e n t  
r e q u i r e m e n t s  and a l l o w a b l e  l o s s  as p e r  t e r r e s t r i a l  
p r a c t i c e .  A s  a r e s u l t  t h e  t r a n s m i s s i o n  l i n e  p a r a m e t e r s  
a r e  e x p r e s s i b l e  as a f u n c t i o n  o f  j a c k e t  w a l l  t h \ c k n e s s ,  
t h e  v a r i a b l e  w h i c h  l i n k s  e l e c t r i c a l  d e s i g n  o f  t h e  a r r a y  
t o  d e s i g n  o f  t h e  m e t e o r o i d  bumper w h i c h  e n c l o s e s  i t .  

Because o f  minimum t u b e  d i m e n s i o n s ,  f i e l d  
s t r e n g t h s  w i t h i n  t h e  a n n u l a r  gap a r e  h i g h ;  i t  i s  d e s i r -  
a b l e  t o  m a x i m i z e  t h e  f i e l d  s t r e n g t h  t h a t  can  be w i t h -  
s t o o d  w i t h i n  t h e  t u b e  w i t h o u t  b reakdown.  The " w o r k i n g  
g r a d i e n t "  f i e l d  s t r e n g t h  used for  d e s i g n ,  namely ,  v o l t -  
age a p p l i e d  a c r o s s  t h e  gap ( d c  or r m s  a c )  d i v i d e d  b y  
gap d i m e n s i o n .  I S  more a measure o f  o v e r a l l  e l e c t r i c a l  
s t r e s s  t h a n  a l o c a l i z e d  v a l u e .  The a c t u a l  g r a d i e n t  
seen w i t h i n  t h e  v i c i n i t y  of s t a n d o f f s ,  l o c a l  s u r f a c e  
d i s c o n t i n u i t i e s ,  e t c .  w i l l  be s l i g h t l y  h i g h e r ;  d e t a i l e d  
f i e l d  c a l c u l a t i o n s  have n o t  y e t  been p e r f o r m e d  t o  quan-  
t i f y  t h e s e  peak v a l u e s .  
s e l e c t e d  may a t  f l r s t  g l a n c e  seem c o n s e r v a t i v e ,  b u t  
t r a n s m i s s i o n  l i n e  p r a c t i c e  i s  t o  o p e r a t e  n o r m a l l y  a t  
l e s s  t h a n  112  t o  1 / 3  E I L  f o r  r e a s o n s  t h a t  have t o  d o  
w i t h  s t a t i s t i c s  o f  e x t r a p o l a t i o n  from s m a l l  a r e a  e l e c -  
t r o d e  breakdown d a t a  to  l a r g e r  e l e c t r o d e  a r e a  sys tems  
( A , 9 ) .  For l o n g  t r a n s m i s s i o n  l i n e s  where l a r g e  numbers 
af i n d i v i d u a l  s t a n d o f f s  a r e  u s e d  t h e  " w o r k i n g  v o l t a g e "  
s s l e c t e d  fo l .  d e s i g n  must  be s i g n i f i c a n t l y  l e s s  t h a n  t h e  

The " w o r k i n g  g r a d i e n t "  v a l u e s  

c a p a b i l i t y  o f  any  i n d i v i d u a l  s t a n d o f f  or t e s t e d  s h o r t  
l e n g t h  o f  c a b l e .  For example J u t n i e w i c z  (10).  U s i n g  
t h e  W e i b u l l  d i s t r i b u t i o n  m e t h o d o l o g y ,  has c o r r e l a t e d  
t e s t  d a t a  show ing  t h a t ,  f o r  l a r g e  numbers o f  i n d i v i d u a l  
e l e m e n t s ,  t h e  w o r k i n g  v a l u e  mus t  be r e d u c e d  t o  l e s s  
t h a n  50 p e r c e n t  o f  t h e  i n d i v i d u a l  s t a n d o f f ' s  c a p a c i t y  
t o  a v o i d  l i n e  breakdown.  

F u r t h e r  d e s c r i p t i o n  of  c o a x i a l  t u b e s ,  t u b e  a r r a y s ,  
a r r a y  d e s i g n ,  and p h i l o s o p h y  a r e  g i v e n  i n  R e f s .  2 
and 3 .  The a r r a y  t u b e s  a r e  h o l l o w ,  d e p e n d i n g  upon a 
vacuum or  g a s - f i l l e d  gap for  t h e i r  i s o l a t i o n .  F o r  any  
g i v e n  amount o f  c o n d u c t o r  c r o s s  s e c t i o n  and w o r k i n g  
g r a d i e n t  a l l o w e d ,  t h e  h o l l o w  c o a x i a l  t u b e  p r o v i d e s  t h e  
l e a s t  mass t r a n s m i s s i o n  s i n c e  m o s t  o f  t h e  t u b e ' s  c r o s s  
s e c t i o n  i s  empty space.  
and d i m e n s i o n s  c o n s i d e r e d  f o r  t e t h e r i n g  (power  l e v e l s  
10 to  100 kWe, s e p a r a t i o n  d i s t a n c e s  1 t o  I O  km),  i t  i s  
c o n v e n i e n t  t o  enhance s t a n d o f f  c a p a c i t y  b y  f i l l i n g  t h e  
gap w i t h  p r e s s u r i z e d  g a s .  
t h a n  one t u b e  i t  i s  a l s o  p o s s i b l e  t o  make t h e  a n n u l u s  
s e r v e  as a d u c t ,  c o n v e y i n g  and c i r c u l a t i n g  t h e  gas as 
p a r t  o f  a c o o l i n g  l o o p .  

For t h e  r a n g e  o f  t u b e  s i z e s  

S i n c e  t h e  a r r a y  has more 

GAS-COOLED ARRAY 

An i l l u s t r a t i o n  o f  t h e  g a s - c o o l e d  a r r a y  i s  shown 
i n  F i g .  1 .  T h i s  wou ld  be t h e  mos t  l i k e l y  f o r m  o f  h i g h -  
v o l t a g e  c o n n e c t i o n  be tween  SP-100 and t h e  manned p l a t -  
f o r m .  I t  i s  s i m i l a r  t o  t e r r e s t r i a l  C G I T  e x c e p t  t h e  gas 
i s  a c t i v e l y  c i r c u l a t e d  to p r o m o t e  h e a t  t r a n s f e r  and 
f u r t h e r  s u p p r e s s  a r c i n g .  F r e o n  or compressed  a i r  c o u l d  
be u s e d ,  b u t  s u l f u r  h e x a f l u o r i d e  p r o v i d e s  t h e  g r e a t e s t  
d i e l e c t r i c  s t r e n g t h .  The gas f l o w s  i n  t h e  a n n u l a r  v o i d  
and a r o u n d  t h e  s p a c e r s  w h i c h  a r e  s h i e l d e d .  For c i r c u -  
l a t i o n  a t  l e a s t  two t u b e s  mus t  be u s e d :  one  f o r  for- 
ward  f low and one f o r  r e t u r n .  The gas i s  pumped f rom 
t h e  p l a t f o r m  to  t h e  power s o u r c e  and b a c k  - i n  a d d i t i o n  
t o  t r a n s m i s s i o n  l i n e  c o o l i n g  and i n s u l a t i o n  t h e  f l o w  
c a n  a l s o  be used t o  c o o l  SP-100 power c o n d i t i o n i n g .  
M e t e o r o i d  p e n e t r a t i o n  o f  any  i n d i v i d u a l  t u b e  w i l l  cause 
t h a t  t u b e  t o  f a i l ;  t h e r e f o r e ,  i f  s p a r e  c a p a b i l i t y  i s  
d e s i r e d  a t  l e a s t  one e x t r a  t u b e  m u s t  be p r o v i d e d .  The 
a r r a y  shown i n  f i g .  1 has  f o u r  t u b e s .  Two o f  them can 
f a i l  b e f o r e  t h e  a r r a y  f a i l s .  I s o l a t i o n  v a l v e s  and man- 
i f o l d i n g  a r e  p r o v i d e d  i n  t h e  gas c i r c u l a t i o n  l o o p  t o  
e n s u r e  t h a t  i n  t h e  e v e n t  of a p u n c t u r e ,  gas f low can be 
m a i n t a i n e d  i n  t h e  r e m a i n i n g  t u b e s .  T h i s  a r r a y  was 
c h a r a c t e r i z e d  f o r  t e t h e r i n g  t h e  SP-100 t o  a manned 
p l a t f o r m ,  a c c o r d i n g  t o  t h e  r e q u i r e m e n t s  g i v e n  i n  
T a b l e  I .  Two power l e v e l s  ( 1 0 0  and 300 kWe) were con-  
s i d e r e d ,  for  t r a n s m i s s i o n  l i n e  l e n g t h s  1 t o  7 km. For 
p u r p o s e s  o f  t h e  c h a r a c t e r i z a t i o n  s t u d y ,  two v a l u e s  of 
w o r k i n g  g r a d i e n t  were examined:  
Mass o f  t u b e  a r r a y  v e r s u s  l e n g t h  fo r  t h e  e n t i r e  a r r a y  
i n c l u d i n g  m e t e o r o i d  bumper,  s t a n d o f f s ,  and s u p p o r t s  i s  
d e p i c t e d  i n  F i g .  2 .  

The o v e r r i d i n g  a d v a n t a g e  o f  t h e  g a s - c o o l e d  a r r a y  
i s  t h a t  d e s p i t e  a m u l t i p l i c i t y  of t u b e s  i t  i s  t h e  
l i g h t e s t  for  i t s  e l e c t r i c a l  cross s e c t i o n ,  and c o u l d ,  
due t o  t h e  e l e c t r i c a l  and t h e r m a l  e q u i l i b r i u m  p r o m o t e d  
b y  c i r c u l a t i n g  t h e  gas ,  p o t e n t i a l l y  be c a p a b l e  of 
r e c o v e r y  from f a u l t s  o r  a r c i n g .  I t s  c h i e f  d i s a d v a n t a g e  
i s  t h a t  i t  i s  n o t  m e c h a n i c a l l y  f l e x i b l e  ( l i k e  a c a b l e )  
and so c a n n o t  be d e p l o y e d  from a r e e l  or c a n i s t e r .  I t  
w o u l d  have t o  be assemb led  i n  s e c t i o n s  o n  s i t e .  
A 1  t h o u g h  t h e  c o n s t r u c t i o n  p r o c e s s  w o u l d  appear  amenable 
t o  a u t o m a t i o n ,  t h e  p e r t i n e n t  i s s u e s  have n o t  been s t u d -  
i e d  t o  d a t e .  To p r e v e n t  e a r l y  b reakdown from p a r t i c l e  
c o n t a m i n a t i o n ,  h i g h  s t a n d a r d s  o f  c l e a n l i n e s s  w o u l d  be 
r e q u i r e d  d u r i n g  i t s  f a b r i c a t i o n  and s u b s e q u e n t  assem- 
b l y .  A f t e r w a r d s ,  e x t e n s i v e  c o n d i t i o n i n g  o f  t h e  l i n e  
w o u l d  p r o b a b l y  be r e q u i r e d  b e f o r e  b e i n g  p u t  i n t o  
s e r v i c e .  

2 5  and 50 kV/cm. 
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POLY-FILLED ARRAY 

I t  w o u l d  be d e s i r a b l e  to make t h e  h o l l o w  c o a x i a l  
t u b e  more l i k e  a c a b l e .  I n s t e a d  o f  a s t i f f  s o l i d  w a l l  
t u b e ,  a f l e x i b l e  t u b e ,  s i m i l a r  t o  c o a x i a l  t r a n s m i s s i o n  
c a b l e s  used  for  RF t r a n s m i s s i o n  m i g h t  b e  used .  W i t h  
i t s  c o a x i a l  gap f l l  l e d  w i t h  "sol i d "  p o l y m e r  i n s u l a t i o n  
m a t e r i a l ,  t h i s  f l e x i b l e  t u b e  c o u l d  b e  wound a r o u n d  a 
r e e l  f o r  e a s i e r  d e p l o y m e n t .  An a r r a y  o f  t h e s e  t u b e s  
c o u l d  be f u l l y  assemb led  and t e s t e d  b e f o r e  b e i n g  
d e p l o y e d .  F u r t h e r m o r e ,  r e p l a c i n g  gas  i n s u l a t i o n  b y  
f i l l i n g  t h e  a n n u l u s  w i t h  p o l y m e r  i n s u l a t i n g  m a t e r i a l  of 
h i g h - d i e l e c t r i c  s t r e n g t h  p e r m i t s  h i g h e r  working g r a d i -  
e n t s  t h a n  a r e  a l l o w a b l e  w i t h  p r e s s u r i z e d  g a s .  For 
e q u i v a l e n t  power l e v e l  and  t r a n s m i s s i o n  l o s s ,  t h i s  
w o u l d  p e r m i t  r e d u c t i o n s  i n  t u b e  d i a m e t e r ,  c r o s s  sec-  
t i o n .  I t  w o u l d  a l s o  e l i m i n a t e  t h e  p r e s s u r i z e d  gas  sys-  
tem. Then i t  w o u l d  be p o s s i b l e  t o  mee t  t h e  " f u l l y  
r e d u n d a n t "  d e s i g n  p h i l o s o p h y  (one  a l l o w a b l e  f a i l u r e )  of 
T a b l e  I w i t h  o n l y  two t u b e s  i n s t e a d  o f  t h r e e  or four. 
A c r o s s  s e c t i o n  o f  such  a p o l y - f i l l e d  a r r a y  i s  shown i n  
F i g .  3 ,  a l o n g s i d e  a n  e q u i v a l e n t  g a s - c o o l e d  a r r a y  for 
c o m p a r i s o n .  

t e r i z e d  for  t e t h e r i n g  t h e  SP-100 t o  a manned p l a t f o r m  
a c c o r d i n g  t o  t h e  same r e q u i r e m e n t s  g i v e n  i n  T a b l e  I. 
Two power  l e v e l s  ( I00  and 300 kWe) were  c o n s i d e r e d ,  
f o r  t r a n s m i s s i o n  l i n e  l e n g t h s  1 to 7 km. For p u r p o s e s  
o f  t h e  c h a r a c t e r i z a t i o n  s t u d y ,  two v a l u e s  o f  w o r k i n g  
g r a d i e n t  were  examined :  50 and  100  kV/cm.  Mass of 
t u b e  a r r a y  v e r s u s  l e n g t h  for  t h e  e n t i r e  a r r a y  i n c l u d -  
i n g  m e t e o r o i d  bumper and s u p p o r t s  i s  shown i n  F i g .  4 .  
A s p e c i f i c  g r a v i t y  o f  2 was assumed for t h e  a n n u l u s  
f i l l e r .  

t u b e  s i z e  and  number of t u b e s  does  n o t  n e c e s s a r i l y  
t r a n s l a t e  t o  a n  o v e r a l l  r e d u c t i o n  i n  a r r a y  mass .  
A l t h o u g h  t h e  s o l i d  d i e l e c t r i c  p e r m i t s  r e d u c e d  t u b e  s i z e  
and c o n d u c t o r  c r o s s  s e c t i o n ,  a d d i t i o n  o f  t h e  p o l y  fill 
i n c r e a s e s  t u b e  assemb ly  mass b y  a b o u t  2 4 0  p e r c e n t .  
T h i s  i s  due t o  min imum f i e l d  g e o m e t r y ,  y i e l d i n g  a n  
a n n u l a r  v o i d  c r o s s  s e c t i o n  w h i c h  i s  a b o u t  7 6  p e r c e n t  
o f  t u b e  o v e r a l l  c r o s s  s e c t i o n .  F i l l i n g  t h i s  v o i d  w i t h  
d i e l e c t r i c  m a t e r i a l  a l m o s t  t r i p l e s  t u b e  mass. R e d u c i n g  
t h e  t u b e s  does  n o t  d e c r e a s e  t h e  amount o f  m e t e o r o i d  
b u m p e r i n g  t h a t  i s  r e q u i r e d .  With two t u b e s  i n s t e a d  of 
f o u r ,  t h e  p o l y - f i l l e d  a r r a y  r e q u i r e s  a h i g h e r  l e v e l  of 
p r o t e c t i o n  t h a n  t h e  f o u r - t u b e  a r r a y .  R e d u c t i o n  of t u b e  
s i z e  does  r e s u l t  i n  l e s s  v u l n e r a b l e  a r e a  b u t ,  due t o  
t h e  d e c r e a s e d  w a l l  t h i c k n e s s  used  t o  cause  t h i s  r e d u c -  
t i on ,  t h e  v u l n e r a b l e  a r e a  t h a t  r e m a i n s  mus t  have  
i n c r e a s e d  p r o t e c t i o n ,  i n  t h e  form o f  g r e a t e r  bumper 
t h i c k n e s s  and  s p a c i n g ,  to k e e p  i t  f r o m  b e l n g  p u n c t u r e d .  

T a b l e  I 1  g i v e s  a r e p r e s e n t a t i v e  b reakdown of t h e  
two a r r a y  t y p e s .  Shown a r e  two 300 kWe a r r a y s  t h a t  
a r e  n e a r l y  e q u i v a l e n t  i n  mass: a g a s - c o o l e d  a r r a y  a t  
25  k V l c m  and  a p o l y - f i l l e d  a r r a y  a t  100 kV/cm,  shown 
a t  a s o u r c e - t o - p l a t f o r m  s e p a r a t i o n  d i s t a n c e  of 2 km. 
The c o m p a r a t i v e  mass b reakdown f r o m  t h i s  t a b l e  I s  a l s o  
i l l u s t r a t e d  b y  F i g .  5 .  

F i g u r e s  6 and 7 d e p i c t  t h e  c o m p a r i s o n  w i t h  gas-  
c o o l e d  a r r a y s  a t  100 and 300 kWe r e s p e c t i v e l y ,  o v e r  t h e  
r a n g e  o f  s e p a r a t i o n  d i s t a n c e s  1 t o  7 km. Due t o  h i g h e r  
w o r k i n g  g r a d i e n t  and h a v i n g  o n l y  two t u b e s ,  t h e  p o l y -  
f i l l e d  a r r a y  r e q u i r e s  l e s s  t h a n  o n e - t h i r d  t h e  c o n d u c t o r  
mass. B u t  t h i s  s a v i n g s  i s  n e g a t e d  b y  t h e  a n n u l u s  f i l l  
w e i g h t  a n d  l a r g e r  m e t e o r o l d  bumper t h a t  i s  r e q u i r e d .  

O v e r  t h e  1 t o  7 km d i s t a n c e s  c o n s i d e r e d ,  s p e c i f i c  
mass o f  b o t h  a r r a y  t y p e s  v a r i e d  from a b o u t  1 . 5  to  
60 kg /kWe.  For t h e  2-km l i n e s  compared i n  T a b l e  I 1  i t  
i s  a b o u t  3 kg /kWe;  a v a l u e  t h a t  l i e s  w i t h i n  t h e  a p p a r -  
e n t  mass r a n g e  o f  o t h e r '  space power c o n d i t i o n i n g  compo- 
n e n t s .  S i n c e  t h e r e  i s  rio a p p a r e n t  mass a d v a n t a g e  for  

A f a m i l y  of  p o l y - f i l l e d  a r r a y  d e s i g n s  was c h a r a c -  

The f i g u r e  shows t h a t  t h e  e x p e c t e d  r e d u c t i o n  i n  

t h e  p o l y - f i l l e d  a r r a y  i t s  c o m p a r i s o n  t o  a g a s - c o o l e d  
a r r a y  mus t  depend o n  o t h e r  a t t r i b u t e s  such  as  s i m p l i c i -  
t y ,  ease o f  d e p l o y m e n t  v e r s u s  t h e  p e r c e i v e d  d e g r e e  of 
d i f f i c u l t y  f o r  o n - o r b i t  a s s e m b l y .  

The r a d i a t i o n  e n v i r o n m e n t  i n  t h e  v i c i n i t y  of 
SP-100 c o u l d  e x e r t  some i n f l u e n c e  o n  t h e  c o m p a r i s o n .  
A l t h o u g h  t h e  m e t a l  and c e r a m i c  components  o f  t h e  gas-  
i n s u l a t e d  l i n e  a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  t h i s  
amount  o f  r a d i a t i o n ,  t h e r e  i s  a good d e a l  of u n c e r -  
t a i n t y  o v e r  t h e  l o n g - t e r m  r a d i a t i o n  t o l e r a n c e  of p o l y -  
mer d i e l e c t r i c  m a t e r i a l s  t o  i o n i z i n g  r a d i a t i o n  u n d e r  
heavy  e l e c t r i c a l  s t r e s s .  I f  a p o l y - f i l l e d  t u b e  a r c s  
once  i t  f a i l s  p e r m a n e n t l y .  

DISCUSSION OF POWER CONDITIONING OPTIONS 

The GES-der ived  SP-100 w i l l  emp loy  s t a t i c  thermo-  
e l e c t r i :  c o n v e r s i o n ,  p r o d u c i n g  dc a t  u p  t o  200  V. For 
t e t h e r i n g ,  a v o l t a g e  b o o s t  i s  n e c e s s a r y  t o  t r a n s m i t  
power  t o  t h e  p l a t f o r m  a t  r e a s o n a b l e  w e i g h t .  Minimum 
power  c o n d i t i o n i n g  r e q u i r e d  a b o a r d  t h e  t e t h e r e d  SP-100 
w i l l  b e  a " v a l v e d "  i n v e r t e r  b r i d g e  w i t h  s tep -up  t r a n s -  
f o r m e r  w h i c h  o p e r a t e s  a t  h i g h  f r e q u e n c y  t o  m i n i m i z e  
t r a n s f o r m e r  c o r e  mass and  l i m i t  t h e  e n e r g y  d i s s i p a t e d  
p e r  c y c l e  d u r i n g  a f a u l t .  S i n c e  t h e  SP-100 s o u r c e  and 
i t s  power  c o n d i t i o n i n g  c a n n o t  b e  s e r v i c e d  o n c e  o p e r a -  
t i o n  b e g i n s  and random f a i l u r e s  m u s t  b e  e x p e c t e d ,  a k e y  
c o n s i d e r a t i o n  i s  redundancy ;  a b i l i t y  o f  t h e  SP-lOO/ 
t r a n s m i s s i o n  n e t w o r k  t o  t r a n s m i t  power  o v e r  r e m a i n i n g  
e l e m e n t s  when i n d i v i d u a l  e l e m e n t s  f a i l .  The SP-100 
d e l i v e r s  power  t h r o u g h  f o u r  r e g u l a t e d  o u t p u t  p o r t s  t h a t  
a r e  p a r a l l e l  and i n d e p e n d e n t .  The c o a x i a l  t u b e  a r r a y  
p r o v i d e s  r e d u n d a n c y  t h r o u g h  i t s  m u l t i p l e  t u b e s .  The 
t r a n s m i s s i o n  l i n e  c o n n e c t i o n ,  or b u s ,  e n a b l e s  t h e  
SP-100 t o  t r a n s m i t  power  from a n y  o u t p u t  t h r o u g h  a n y  
t u b e .  The r e s u l t i n g  t r a n s m i s s i o n  n e t w o r k  can  be o p e r -  
a t e d  as  e i t h e r  dc or s i n g l e - p h a s e  a c .  

DC POWER TRANSMISSION 

A s c h e m a t i c  o f  t h e  t r a n s m i s s i o n  n e t w o r k  embod ied  
as  a dc power  t r a n s m i s s i o n  l i n e  f o r  t e t h e r i n g  SP-100 
i s  shown i n  F i g .  8 .  Power i s  p r o c e s s e d  t h r o u g h  t h e  
n e t w o r k  i n  t h r e e  s t e p s ,  v i z :  d c / d c  c o n v e r s i o n  a t  h i g h  
f r e q u e n c y  ( t y p i c a l l y  2 0  kHz)  t o  HV a t  t h e  s o u r c e  
( S P - l o o ) ,  t r a n s m i s s i o n  t h r o u g h  c o a x i a l  t u b e s  t o  t h e  
p l a t f o r m ,  and  i n v e r s i o n  a t  h i g h  f r e q u e n c y  t o  u s e r  v o l t -  
a g e .  Two i n v e r t e r  s t a g e s  a r e  r e q u i r e d ;  a r i n g  bus  i s  
emp loyed  on each s i d e  o f  t h e  t r a n s m i s s i o n  l i n e  t o  r o u t e  
HVDC c u r r e n t  from one  or more p a r a l l e l  c o n v e r t e r s  
t h r o u g h  each  c o a x i a l  t u b e  t o  o n e  or more p a r a l l e l  
i n v e r t e r  u n i t s  o n  t h e  u s e r  s i d e ,  so t h a t  f a i l e d  con-  
v e r t e r s  or t r a n s m i s s i o n  t u b e s  c a n  b e  i s o l a t e d .  I n  t h e  
e v e n t  o f  a f a u l t  t h e  a f f e c t e d  i n v e r t e r s  a r e  m o m e n t a r i l y  
i n t e r r u p t e d ;  t h e  s l o w e r  a c t i n g  r i n g  bus  b r e a k e r s  r e c o n -  
f i g u r e  t h e  t r a n s m i s s i o n  p a t h .  U s e r  i n t e r f a c e  i s  t a k e n  
t o  b e  a t  t h e  p l a t f o r m s  i n v e r t e r  t r a n s f o r m e r .  

DC o p e r a t i o n  appears  t o  h a v e  many a d v a n t a g e s .  DC 
m i n i m i z e s  t r a n s m i s s i o n  l i n e  w e i g h t  because  i t  a l l o w s  
t h e  m o s t  power t o  be t r a n s m i t t e d  p e r  u n i t  mass o f  
t r a n s m i s s i o n  l i n e  a t  a g i v e n  l e v e l  o f  l o s s .  The d c  
l i n e  mass i s  t h e o r e t i c a l l y  l o w e r  t h a n  t h e  ac l i n e  b y  a 
f a c t o r  o f  1 .41  ( t h e  square  root o f  2 ) ;  a d i r e c t  conse -  
quence of t h e  peak  t o  RMS v o l t a g e  r a t i o .  For t h e  2-km 
l i n e  p r e s e n t e d  i n  T a b l e  I 1  t h a t  amounts  t o  a s a v i n g s  of 
257  k g .  DC o p e r a t i o n  a p p e a r s  more  amenab le  t o  m o d u l a r -  
i z i n g  w i t h  many i n d e p e n d e n t  p a r a l l e l  e l e m e n t s ,  s i n c e  
n e t w o r k  s y n c h r o n i z a t i o n  r e q u i r e m e n t s  a r e  much l e s s  r i g -  
o r o u s .  R e a c t i v e  power  c o m p e n s a t i o n ,  s t a b i l i t y ,  and  
s y n c h r o n i z a t i o n  p r o b l e m s  a r e  a v o i d e d  - t h e  i n v e r t e r  
u n i t s  c a n  o p e r a t e  a s y n c h r o n o u s l y  and  a t  d i f f e r e n t  f r e -  
q u e n c i e s .  However ,  dc r e q u i r e s  more  components  t o  
i m p l e m e n t ,  p a r t i c u l a r l y  t h e  r e c t i f i e r s  and c a p a c i t i v e  



f i l t e r i n g  w h i c h  mus t  o p e r a t e  i n  c l o s e  p r o x i m i t y  t o  t h e  
r e a c  t o r .  

AC POWER TRANSMISSION 

Under  some c o n d i t i o n s  o p e r a t i n g  t h e  c o a x i a l  a r r a y  
a s  a r e d u n d a n t  s l n g l e - p h a s e  ac l i n e  may r e s u l t  i n  l o w e r  
o v e r a l l  s y s t e m  mass. Tube mass i s  h i g h e r  b y  a f a c t o r  
of  1 . 4 1  o v e r  t h e  dc t r a n s m i s s i o n  b u t ,  f o r  s h o r t e r  l i n e s  
t h a t  p e n a l t y  m i g h t  b e  low compared w i t h  t h e  a d d i t l o n a l  
s y s t e m  w e i g h t  f r o m  t h e  components  needed t o  make d c .  A 
s c h e m a t i c  o f  t h e  t r a n s m i s s i o n  n e t w o r k  embod ied  as  an ac 
power  t r a n s m i s s i o n  l i n e  i s  shown i n  F i g .  9 .  Power i s  
p r o c e s s e d  t h r o u g h  t h e  n e t w o r k  i n  two s t e p s :  i n v e r s i o n  
a t  h i g h  f r e q u e n c y  t o  WAC a t  t h e  s o u r c e  (SP-1001, ac 
t r a n s m i s s i o n  t h r o u g h  c o a x i a l  t u b e s  t o  t h e  p l a t f o r m ,  
and  t r a n s f o r m e r  s tepdown to u s e r  v o l t a g e .  One i n v e r t e r  
s t a g e  i s  r e q u i r e d ,  l i k e  t h e  dc c a s e  a r i n g  bus  i s  
emp loyed  o n  each  s i d e  of t h e  t r a n s m i s s i o n  l i n e  t o  r o u t e  
c u r r e n t  from one  or more p a r a l l e l  i n v e r t e r s  t h r o u g h  
e a c h  c o a x i a l  t u b e  t o  one or more  p a r a l l e l  s tepdown 
t r a n s f o r m e r  u n i t s  on t h e  u s e r  s i d e ,  so t h a t  f a i l e d  
i n v e r t e r s  or t r a n s m i s s i o n  t u b e s  can  b e  i s o l a t e d .  One 
s y n c h r o n o u s  s i n g l e  phase  i s  u s e d  to  m a x i m i z e  r e d u n d a n c y  
a n d .  i n  t h e  e v e n t  of t u b e  or i n v e r t e r  f a i l u r e ,  i n t e r -  
o p e r a b i l i t y  t h r o u g h  s u r v i v i n g  componen ts .  A l t h o u g h  t h e  
i n v e r t e r  b r i d g e s  a r e  s e p a r a t e  u n i t s  t h e y  a r e  phase  
l o c k e d  so t h a t  two o u t p u t s  can  b e  comb ined .  F o r  s t a -  
b i l i t y ,  t h e  i n v e r t e r  s w i t c h i n g  f r e q u e n c y  i s  r e d u c e d  to 
IO k H z ,  w h i c h  c o r r e s p o n d s  t o  r o u g h l y  lambda110 for  a 
3-km l i n e .  A g a i n ,  t h e  u s e r  i n t e r f a c e  i s  t a k e n  t o  b e  a t  
t h e  p l a t f o r m  t r a n s f o r m e r s .  There  i s  good s y s t e m  i n c e n -  
t i v e  f o r  ac o p e r a t i o n  s i n c e  s i n g l e - p h a s e  ac r e d u c e s  to 
a min imum t h e  number o f  components  r e s i d i n g  i n  t h e  
v i c i n i t y  o f  t h e  r e a c t o r .  I f  c a p a c i t o r  KVAR i s  needed 
t o  s t a b i l i z e  t h e  n e t w o r k ,  t h e s e  components  can  r e s i d e  
b e l o w ,  a b o a r d  t h e  r e l a t i v e l y  more  b e n i g n  e n v i r o n m e n t  of 
t h e  manned p l a t f o r m .  B u t  n e t w o r k  s y n c h r o n i z a t i o n  and  
f a u l t  r e s p o n s e  a t  h i g h  f r e q u e n c i e s  i s  more  d i f f i c u l t .  

F i g .  10. I t  may b e  p o s s i b l e  t o  f u r t h e r  r e d u c e  t h e  
number of s w i t c h i n g  components  a t  t h e  power  s o u r c e  b y  
c o m b i n i n g  t h e  p a r a l l e l  i n v e r t e r  u n i t s  onto a common 
t r a n s f o r m e r  and  u s i n g  t h a t  t r a n s f o r m e r  as  a s p l i t t e r /  
c o m b i n e r  e n e r g y  d i s t r i b u t i o n  b u s .  
t h e  need  f o r  a r i n g  bus o n  b o t h  s i d e s  o f  t h e  a r r a y .  
T h i s  a p p r o a c h  r e q u i r e s  each  t r a n s f o r m e r  t a p  t o  be 
b r e a k e r - p r o t e c t e d  and assumes t h a t  t r a n s f o r m e r  w ind -  
i n g s  a r e  much l e s s  l i k e l y  t o  f a i l  t h a n  a n  i n d i v i d u a l  
i n v e r t e r  b r i d g e  or c o a x i a l  t u b e .  

o p t i o n s  d i s c u s s e d  a r e  summar ized I n  T a b l e  111. 
A l t h o u g h  i n d i v i d u a l  componen ts ,  t h e i r  r a t i n g s ,  and  mass 
a r e  s t r o n g l y  i n f l u e n c e d  b y  t h e  c o n f i g u r a t i o n  chosen ,  no 
d e f i n i t i v e  mass e s t i i i i a t e  i s  a v a i l a b l e  y e t  to d i s c r i m i -  
n a t e  be tween  them.  S e l e c t i o n  w i l l  depend on t h e  o u t -  
come of f u r t h e r  d e f i n i t i o n  and  s t u d y .  

CONCLUSIONS 

A t h i r d  v a r i a t i o n  o f  t h i s  n e t w o r k  i s  p r e s e n t e d  i n  

T h i s  w o u l d  e l i m i n a t e  

The t h r e e  powei c o i i d i  t i o r i i ng / t r . ans i i i i ss ion  n e t w o r k  

F o r  t h e  r a n g e  o f  w o r k i n g  g r a d l e n t s  c o n s i d e r e d  r e a -  
s o n a b l e  w i t h  gas or polymer.  i n s u l a t i o n  o v e r  t h e  c o a x i a l  
t u b e  d imen; ions  i n v o l v e d ,  we have  shown t h a t  t h e  s o l i d  
p o l y  t u b e  mus t  have a b reakdown s t r e n g t h  more  t h a n  f o u r  
t i m e s  t h a t  o f  t h e  g a s - f i l l e d  t u b e  f o r  e q u i v a l e n t  a r r a y  
mass .  Over  t h e  1 t o  7 km d l s t a n c e s  c o n s i d e r e d ,  spe- 
c i f i c  mass o f  b o t h  a r r a y  t y p e s  v a r i e d  from a b o u t  1 . 5  t o  
6 0  kg /kWe.  There  i s  n o  a p p a r e n t  mass a d v a n t a g e  f o r  t h e  
p o l y - f i  1 l e d  a r r a y ;  t h e r e f o r e  i t s  c o m p a r i s o n  t o  a gas-  
c o o l e d  a r r a y  mus t  depend o n  o t h e r  a t t r i b u t e s  such  as 
s i m p i i c i t y .  ease  o f  d e p l o y m e n t  v e r s u s  t h e  p e r c e i v e d  
degr-ee o f  d i f f i c u l t y  fo r  o n - o r b i t  a s s e m b l y .  

A I  t h o u g h  i n d i v i d u a l  components ,  t h e i r  r a t i n g s ,  and  
mass a r e  i n f l u e n c e d  b y  w h i c h  n e t w o r k  c o n f i g u r a t i o n  i s  
chosen ,  n o  d e f i n i t i v e  mass e s t i m a t e  i s  a v a i l a b l e  y e t  to  
d i s c r i m i n a t e  be tween t h e  t h r e e  power  c o n d i t i o n i n g /  
t r a n s m i s s i o n  o p t i o n s  d i s c u s s e d .  s e l e c t i o n  w i l l  depend 
o n  t h e  ou tcome o f  f u r t h e r  d e f i n i t i o n  and  s t u d y .  
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TABLE I. - REQUIREMENTS SPECIFIC.4TION USED FOR DESIGN STUDY 

Gas-coo led  

Power,  kWe . . . . . . . . . . . . . . . . . .  100 and 3 0 0  
T r a n s m i s s i o n  d i s t a n c e ,  km . . . . . . . . . . . . .  1 t o  7 
A l l o w a b l e  l o s s ,  p e r c e n t  . . . . . . . . . . . . . . .  2 BOL 

No g r e a t e r  t h a n  . . . . . . . . . . . . . . . . . .  5 EOL 
M e t e o r o i d  s u r v i v a l  p r o b a b i l i t y  . . . . . . . . . .  2 0 . 9 9 9  

O v e r  a p e r i o d  o f ,  y e a r s  . . . . . . . . . . . . . . .  10 
Number o f  c a t a s t r o p h i c  f a i l u r e s  a l l o w e d  . . > 1  t u b e  f a i l u r e  
R a d i a t i o n  e n v i r o n m e n t  

F1 u e n c e :  
N e u t r o n ,  n v t  . . . . . . . . . . . . . . . .  10 e x p  5 
Gamma, r a d  . . . . . . . . . . . . . . . .  5 x 1 0  e x p  5 
E x p o s u r e ,  y e a r s  . . . . . . . . . . . . . . . . . . .  7 

P o l y - f i l l e d  

TABLE 11. - TWO-300 kWe. 2-km TRANSMISSION LINES 

~~ 

W o r k i n g  g r a d i e n t  used,  kV/cm 
T r a n s m i s s i o n  v o l t a g e ,  kV 
Number o f  t u b e s  s u r v i v i n g  EOL 
O u t  o f  number t u b e s  BOL 
Tube OD, mm 
Tube w a l l  t h i c k n e s s ,  mm 
D e n s i t y  o f  a n n u l a r  f i l l ,  g/cm3 
S p a c e r  a s s e m b l i e s  p e r  t u b e  
Bumper w a l l  t h i c k n e s s ,  mm 
Bumper c i r c l e  d i a m e t e r ,  mm 
Bumper minimum gap,  mm 
Mass o f  l a r g e s t  m e t e o r o i d  

a r m o r e d  a g a i n s t ,  g 
E l e c t r i c a l  r e s i s t a n c e ,  Wkm 
E l e c t r i c a l  c a p a c i t a n c e ,  pF/km 
E l e c t r i c a l  i n d u c t a n c e ,  pH/km 
A r r a y  mass summary 

C o n d u c t o r  ( t u b e  c o r e  + j a c k e t )  
A n n u l u s  f i l l  
S p a c e r  a s s e m b l i e s  

M e t e o r o i d  bumper + s u p p o r t s  
T o t a l ,  k g  

25 
5 . 4  

2 
4 

1 2 . 4 6  
0 . 3 8 3  

0 
595 

0 . 1 1 9  
157 

63 
0.0051 

1 . 9 5  
55 

254 

628 
0 

0.75 
345 
974 

100 
1 2 . 8  

1 
2 

1 . 4 2  
0 . 2 2 8  

2 
0 

0 .086 
386 
185 

0.006 

5 . 4 9  
120 
2 54 

111 
263 

0 
652 

1026 

5 



TABLE 111. - THREE POWER CONDITIONING/TRANSMISSION CASES 

Source s i d e  power  c o n d i t i o n i n g  

OC t r a n s m i s s i o n  

I n v e r t e r  low v o l t a g e  
a s y n c h r o n o u s  
s w i t c h i n g  modu les  
20 t o  50 kHz 

S t e p - u p  t r a n s f o r m e r s  
20 t o  50 kHz 

B r i d g e  r e c t i f i e r s  

S m o o t h i n g  f i l t e r s  

T r a n s m i t  s t a t i o n  
s w i t c h i n g / p r o t e c t i o n  
ring bus 

4 - t u b e  c o a x i a l  a r r a y  
dc  t r a n s m i s s i o n  l i n e  

AC t r a n s m i s s i o n  

I n v e r t e r  low v o l t a g e  
p h a s e - l o c k e d  
s w i t c h i n g  modu les  
1 0  kHz 

S t e p - u p  t r a n s f o r m e r s  
10 kHz 

________-_--___---_--- 

T r a n s m i t  s t a t i o n  
swi t c  h i n g  / p r o t e c  t i o n  
r i n g  bus 

4 - t u b e  c o a x i a l  a r r a y  
one-phase ac 
t r a n s m i s s i o n  l i n e  

AC t r a n s f o r m e r - c o m b i n e d  

I n v e r t e r  low v o l t a g e  
p h a s e - l o c k e d  
s w i t c h i n g  modu les  
10 kHz 

S t e p - u p  s p l i t t e r / c o m b i n e r  
t r a n s f o r m e r ,  m u l t i p l e  
w i n d i n g s  and t a p s  
1 0  kHz 

S t e p - u p  t r a n s f o r m e r  
t a p  b r e a k e r s  

4 - t u b e  c o a x i a l  a r r a y  
one-phase ac  
t r a n s m i s s i o n  l i n e  

P l a t f o r m  s i d e  power  c o n d i t i o n i n g  

R e c e i v e  s t a t i o n  
s w i t c h i n g / p r o t e c t i o n  
r i n g  bus  

I n v e r t e r  h i g h  v o l t a g e  
a s y n c h r o n o u s  
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