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It h a s  been s u g g e s t e d  t h a t  a d e s i r a b l e  growth  a r e a  f o r  
t h e  Apol lo  E x t e n s i o n  Systems (AES) m i s s i o n s  might  be a c o n t i n u o u s  
e a r t h  o r b i t a l  program. T h i s  program would c o n s i s t  o f  s e v e r a l  

' l a u n c h e s  which would enab-le t h e  n a t i o n  t o  m a i n t a i n  a manned 
s p a c e c r a f t  p l u s  some a r b i t r a r y  desc . r e t iona ry  p a y l o a d  ( e x p e r i -  
ments  o r  o p e r a t i o n a l  equipment  and s u p p o r t )  i n  o r b i t  a t  a l l  
t i m e s  d u r i n g  a g i v e n  y e a r .  The o p e r a t i o n s  may c o n s i s t  o f  many 
s i m i l a r  l a u n c h e s  r e p e a t e d  t h r o u g h o u y t h e  y e a r  o r  a few l a r g e -  
p a y l o a d  l a u n c h e s  w i t h  many s m a l l e r  r e s u p p l y  m i s s i o n s .  I f  
n e c e s s a r y ;  u p r a t e d  s p a c e c r a f t  and Sa-IB l a u n c h  v e h i c l e s  a r e  
assumed a v a i l a b l e  f o r  t h e s e  m i s s i o n s .  A r a p i d  s t u d y  o f . v a r i o u s  
p o s s i b l e  approaches  t o  accompl i sh  t h e s e  m i s s i o n s  was c a r r i e d  
o u t  f o r  NASA-MSF. 

To p r o v i d e  a  common b a s i s  f o r  compar ison  o f  t h e  sev-  
e r a l  methods f o r  a c h i e v i n g  c o n t i n u o u s  c o v e r a g e ,  a t y p i c a l  o r b i t  
was chosen .  F o r  l o n g  d u r a t i o n  f l i g h t s ,  one would d e s i r e  a v e r y  
l a r g e  a r e a  of t o t a l  ground c o v e r a g e ,  making a h i g h  i n c l i n a t i o n  
o r b i t  d e s i r a b l e .  A l s o ,  t o  accommodate any e a r t h  s e n s i n g  equ ip -  
t h a t  might  be  a b o a r d ,  a low a l t i t u d e  o r b i t  would be  d e s i r a b l e .  
However, a i r  d r a g  c a u s e s  ex t r eme  s t a t i o n - k e e p i n g  r e q u i r e m e n t s  
as t h e  a l t i t u d e  i s  lowered .  A 1 2 0  NM a l t i t u d e  83.5O r e t r o g r a d e  
o r b i t ,  a l t h o u g h  r a t h e r  d i f f i c u l t  t o  a c h i e v e ,  was s e l e c t e d  as 
a  r e a s o n a b l e  compromise among t h e  c o n f l . i c t i n g  r e q u i r e m e n t s .  
The 83.5O r e t r o g r a d e  o r b i t  h a s  t h e  added a d v a n t a g e  o f  b e i n g  sun  
synchronous ,  t h u s  p r o v i d i n g  c o n s t a n t  s u b s a t e l l i t e  e a r t h  l i g h t i n g .  

The p u r p o s e  o f  t h i s  memorandum i s  t o  d i s c u s s  ways o f  
a c c o m p l i s h i n g  t h e  o p e r a t i o n a l  m i s s i o n s  and t o  g i v e  f i r s t  o r d e r  
e s t i m a t e s  of t h e  r e q u i r e d  w e i g h t ,  f u e l ,  e t c .  D e f i n i t i v e  e s t i -  
mates  a r e  n o t  p o s s i b l e  w i t h  d a t a  now a v a i l a b l e .  F i v e  s e p a r a t e  
modes o f  o p e r a t i o n  chosen  from a l a r g e r  s e l e c t i o n  g i v e n  o r a l l y  
t o  NASA H e a d q u a r t e r s  a r e  d i s c u s s e d .  Only t h o s e  modes o f  ope ra -  
t i o n  which minimize t h e  number o f  r e q u i r e d  Sa-V l a u n c h e s  o r  

tains information - afEecting the the United States 
nage Iaws, Title 

- - -- the transmission 
rr ---'- or revelation of 

authorized p e e  prohibited- b h  



maximize t h e  u s e  o f  any u p r a t e d  v e h i c l e s  a r e  c o n s i d e r e d  i n  t h i s  
memorandum. F o r  schemes i n v o l v i n g  u p r a t i n g  o f  t h e  Sa-IB, s u f f i -  
c i e n t  u p r a t i n g  was assumed t o  make t h e  c o s t s  wor thwhi l e  by 
e l i m i n a t i n g  a l l  S a t u r n  V l a u n c h e s  i n  t h a t  mode o f  o p e r a t i o n .  

11. B u i l d i n g  Blocks  

A l l  o f  t h e  s p a c e c r a f t  t y p e s  used  i n  t h e  o p e r a t i o n a l  
m i s s i o n s  s t u d i e d  and t h e  assumed per formance  o f  l a u n c h  v e h i c l e s  
a r e  g i v e n  i n  T a b l e  1. 

Launch V e h i c l e s  

The l a u n c h  v e h i c l e  per formance  d a t a  a r e  f o r  i n j e c t i o n  
i n t o  t h e  1 2 0  NM 83.5' r e t r o g r a d e  o r b i t  f rom t h e  E a s t e r n  T e s t  
Range on a  dog- leg  t r a j e c t o r y  which w i l l  s u b o r b i t a l l y  o v e r f l y  
Cuba and Panama. The Sa-V c a s e  i s  a two-s tage  l a u n c h  w i t h  t h e  
pay load  i n c l u d i n g  e v e r y t h i n g  which  i s  c a r r i e d  above t h e  S - I1  
s t a g e .  The f i r s t  s t a n d a r d  Sa-IB c a s e  i n c l u d e s  s u b o r b i t a l  i g n i -  
t i o n  o f  t h e  S e r v i c e  P r o p u l s i o n  System (SPS) ;  hence ,  no LEM o r  
l a b  module can  be  c a r r i e d .  The p a y l o a d  i n c l u d e s  a n y t h i n g  c a r r i e d  
above t h e  LEM a d a p t e r .  The second s t a n d a r d  Sa-IB c a s e  i s  a 
d i r e c t  i n j e c t i o n  i n t o  o r b i t .  

The two u p r a t e d  Sa-IB forms,  c a l l e d  Sa-IB-A and Sa-IB-B, 
a r e  c l a s s i f i e d  o n l y  by t h e i r  c a p a b i l i t i e s .  P o s s i b l e  u p r a t i n g  
methods f o r  a t t a i n i n g  t h e s e  c a p a b i l i t i e s  a r e  as f o l l o w s :  

Sa-IB-A (47 ,000 l b  p a y l o a d )  

(1) 80% f l o x ,  methane i n  S-IB s t a g e  

( 2 )  S t a g e  z e r o  ( f o u r  120" UTC s t r a p - o n s ) ;  d e l a y e d  S-IB 
i g n i t i o n .  

( 3 )  Two 120" s t r a p - o n s ;  h i g h  p r e s s u r e  e n g i n e  i n  a 
l e n g t h e n e d  S-IB s t a g e .  

Sa-IB-B (68 ,000  l b  p a y l o a d )  

(1) 80% f l o x ,  methane i n  l e n g t h e n e d  S-IB s t a g e ;  30% 
f l o x  i n  S-IVB w i t h  a n  u p r a t e d  J - 2  e n g i n e .  

( 2 )  S t a g e  z e r o  ( f o u r  120' s t r a p - o n s ) ;  u p r a t e d  H-L and 
J - 2  e n g i n e s  i n  l e n g t h e n e d  s t a g e s .  

The p a y l o a d s  u s i n g  t h e s e  u p r a t e d  Sa- IB1s  i n  a due -eas t  l a u n c h  t o  
100 NM o r b i t  a r e  70,000 l b s  and 100,000 l b s  r e s p e c t i v e l y .  



S p a c e c r a f t  C o n f t g u r a t i o n s  

The f i r s t  s p a c e c r a f t  l i s t e d  i n  T a b l e  I i s  a  Block I1 
Apol lo  CSM w i t h  a l i f e t i m e  o f  1 4  days  i n  E a r t h  o r b i t .  A s  u s e d ' i n  
t h i s  s t u d y ,  i t s  weight  i n c l u d e s  minimum l i f e  s u p p o r t  expendab les  
( t o  a l l o w  f o r  l a u n c h ,  r endezvous ,  and r e t u r n  o n l y )  b u t  n o t  r e t r o  
f u e l .  T h i s  CSM w i l l  be u s e d  o n l y  w i t h  t h e  expe r imen t  module which 
w i l l  c a r r y  t h e  expendab les  and SPS f u e l .  The exper imen t  module 
i s  t h e  r e s u l t  o f  a  s h o r t  Boeing Company s t u d y  which was concerned  
w i t h  m a i n t a i n i n g  many e x p e r i m e n t s  i n  o r b i t  f o r  one y e a r .  T h i s  
module i s  b a s i c a l l y  t h e  Boeing l a b  coup led  t o  a g u t t e d  S-IVB s t a g e  
and S - I1  a d a p t e r .  The S-IVB s h e l l  and  S - I1  a d a p t e r  a r e  used  t o '  
house  e x p e r i m e n t s  and t o  s t o r e  expendab les  and s p a r e  p a r t s  needed 
f o r  a one-year  m i s s i o n . "  

The c o n f i g u r a t i o n  I 'Dtt  CSM and l a b  module w e i g h t s  were 
e s t i m a t e d  from t h e  N A A ,  .Boeing,  and Grumman AES s t u d i e s  ( R e f .  1, 2 
and 3 ) .  The "D" CSM i s  e s s e n t i a l l y  a  Block I1 CSM whose l i f e t i m e  
i s  ex tended  beyond 14  days  w i t h  s u p p l i e s  c a r r i e d  i n  t h e  l a b  module.  
The c o n f i g u r a t i o n  "D" l a b  module which s u p p l i e s  t h e  CSM can be  
e i t h e r  a  Boeing l a b  module o r  a  Grumman LEM l a b .  C o n f i g u r a t i o n  
"D1' CSM weight  i n c l u d e s  r e t r o  f u e l  and l i f e  s u p p o r t  expendab les  
f o r  1 4  days  w i t h  t h e  r e m a i n d e r  o f  t h e  expendab les  c a r r i e d  i n  t h e  
l a b .  

The c o n f i g u r a t i o n  l l C "  CSM i s  a c o m p l e t e l y  independen t  
45-day CSM s imilar  t o  t h e  NAA Apollo-X ( R e f .  4 ) .  It i s  f u r t h e r  
d e f i n e d  i n  t h e  AES s t u d i e s .  The l a b  module used  i n  c o n j u n c t i o n  
w i t h  t h i s  CSM i s  similar  t o  t h e  "D" c o n f i g u r a t i o n  b u t  i s  n o t  
r e q u i r e d  t o  g i v e  any s u p p o r t  t o  t h e  CSM. 

The Concept "Olt  i s  a ma jo r  u p r a t i n g  o f  t h e  CSM which 
was a l s o  s t u d i l e a  by NAA ( R e f .  5 ) .  I t s  l i f e t i m e  i s  e x t e n d e d  t o  
90 days  u s i n g  no new subsys tem c o n c e p t s  b u t  by a d d i n g  redun-  
dancy and l i f e  s u p p o r t .  I t s  we igh t  was e s t i m a t e d  from t h e  NAA 
s t u d y .  Changes were approx ima ted  f o r  t h e  removal  o f  e x p e r i m e n t s  
and t h e  two-gas c a b i n  a tmosphere  which Concept "0" i n c l u d e d ,  and 
f o r  t h e  a d d i t i o n  o f  t h e  d o c k i n g  h a t c h ,  a  t h i r d  a s t r o n a u t  and h i s  
l i f e  s u p p o r t  s u p p l i e s  which had  been  e x c l u d e d .  Both Concept "On 
and c o n f i g u r a t i o n  I IC"  CSM w e i g h t s  i n c l u d e  r e t r o  f u e l  and l i f e  
s u p p o r t  expendab les  f o r  t h e i r  e n t i r e  l i f e t i m e .  

The d i s c r e t i o n a r y  p a y l o a d  i s  l e f t  c o m p l e t e l y  a r b i t r a r y .  
However, s i n c e  e x t e r n a l l y  mounted e x p e r i m e n t a l  equipment  a f f e c t s  
t h e  o r b i t a l  l i f e t i m e ,  two d r a g  c a s e s  which p u t  upper  and lower  
bounds on t h e  s t a t i o n - k e e p i n g  r e q u i r e m e n t s  a r e  c o n s i d e r e d .  I n  t h e  
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f i r s t  c a s e  no  e x t e r n a l  equipment  i s  appended t o  t h e  s p a c e c r a f t  
w h i l e  i n  t h e  o t h e r  c a s e  t h e  e f f e c t s  o f  t h e  huge e x t e r n a l  e x p e r i -  
ments  o f  t h e  Boeing s t u d y  a r e  c a l c u l a t e d .  The b a l l i s t i c  c o e f f i -  
c i e n t s  W/CDA f o r  t h e  l a t t e r  c a s e  a r e  e s t i m a t e d  from t h e  Boeing 
s t u d y .  

111. O p e r a t i o n a l  Modes 

The v a r i o u s  schemes (which  w i l l  be c a l l e d  modes) f o r  
c a r r y i n g  o u t  t h e  m i s s i o n  o b j e c t i v e s  a r e  shown i n  T a b l e  11. 
Each mode c o n s i s t s  o f  an  i n i t i a l  l a u n c h  o f  a  s p a c e c r a f t  w i t h  
p a y l o a d  and subsequen t  r e s u p p l y  l a u n c h e s .  The d u r a t i o n  o f  t h e  
mode w i l l  conform t o  t h e  l i f e t i m e  o f  t h e  s p a c e c r a f t  u sed  i n  
t h e  i n i t i a l  l a u n c h .  I n  most c a s e s ,  t h e  mode must be  r e p e a t e d  t o  
m a i n t a i n  c o n t i n u o u s  o p e r a t i o n  f o r  a f u l l  y e a r  o r  more. 

Mode 1 

I n  Mode 1 a l l  e x p e n d a b l e s  needed f o r  one y e a r  
( i n c l u d i n g  c r y o g e n i c  hydrogen and oxygen,  f o o d ,  LiOH, R e a c t i o n  
C o n t r o l  Syst.em (RCS) p r o p e l l a n t ,  SPS p r o p e l l a n t ,  and s p a r e  
p a r t s  t o  e x t e n d  CSM l i f e )  i n  a h i g h l y  m o d i f i e d  S-IVB s t a g e  and 
S - I1  a d a p t e r  a r e  o r b i t e d  on a two s t a g e  Sa-V w i t h  a Block I1 
CSM and a l a b  module.  Every  90 days  a new Block I1 CSM must 
be  l aunched  on a Sa-IB and rendezvous  w i t h  t h e  l a b .  T h i s  mode 
was s t u d i e d  by Boeing,  and t h e y  concluded t h a t  t h e r e  i s  room 
enough t o  s t o r e  a l l  t h e  e x p e n d a b l e s  needed.  

The d i s c r e t i o n a r y  pay load  i s  abou t  30,000 l b s  i n s t e a d  
of t h e  a r b i t r a r i l y  chosen  9 ,000 l b s  u sed  i n  a l l  t h e  o t h e r  modes. 
The t o t a l  we igh t  o f  t h e  i n i t i a l  p a y l o a d  i n t o  o r b i t  i s  e s t i m a t e d  
t o  be  abou t  179,400 l b s ,  which i n c l u d e s  23,000 l b s  o f  SPS 
p r o p e l l a n t  s t o r e d  i n  t h e  S-IVB. T h i s  p r o p e l l a n t  would be pumped 
as r e q u i r e d  i n t o  any o f  t h e  CSM1s used  d u r i n g  t h e  y e a r .  The 
l a u n c h  v e h i c l e  c a p a b i l i t y  o f  190,000 a l l o w s  10,600 l b s  o f  SPS 
f u e l  t o  b e  c a r r i e d  i n  t h e  i n i t i a l  SM. The r e s u p p l y  m i s s i o n s  
would c a r r y  a  Block I1 CSM ( s p a r e  p a r t s  t o  e x t e n d  i t s  l i f e  t o  
90 days  a r e  c a r r i e d  i n  t h e  l a b )  we igh ing  19 ,755 l b s .  The remain-  
d e r  o f  t h e  p a y l o a d  w i l l  be s t a t i o n - k e e p i n g  SPS f u e l .  * , 

The s t a t i o n - k e e p i n g  r e q u i r e m e n t s  f o r  t h e  l a b  and 
s p a c e c r a f t  p l u s  t h e  r e s u p p l y  m i s s i o n  s p a c e c r a f t  w e i g h t s  a r e  
g i v e n  i n  T a b l e  I11 f o r  t h r e e  o r b i t a l  a l t i t u d e s .  (The l a r g e  
a n t e n n a s  o f  t h e  e x p e r i m e n t s  c o n s i d e r e d  r e d u c e  t h e  W/C,A t o  

U 

a b o u t  26, c a u s i n g  t h e  huge s t a t i o n - k e e p i n g  r e q u i r e m e n t s . )  
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A l l  r e s u p p l y  m i s s i o n s  r endezvous  a t  t h e  lower  a l t i t u d e  b e f o r e  
p r o p e l l i n g  t h e  s p a c e c r a f t  ( k i c k i n g )  back up t o  t h e  i n i t i a l  
a l t i t u d e .  The s t a n d a r d  Sa-IB can  h a n d l e  o n l y  t h e  c a s e  where 
t h e  a l t i t u d e  i s  m a i n t a i n e d  between 150 and 160  NM. The i n i t i a l  
a l t i t u d e  would be  1 6 0  NM, and  a f t e r  d e c a y i n g  t o  150 NM, t h e  
s p a c e c r a f t  would be  p r o p e l l e d  back up t o  1 6 0  NM. The c a s e  f o r  
120 NM w i t h  c o n t i n u o u s  s t a t i o n - k e e p i n g  i s  j u s t  a b o u t  i m p o s s i b l e ,  
as now c o n f i g u r e d ,  s i n c e  t h e  r e q u i r e d  SPS p r o p e l l a n t  exceeds  
t a n k  c a p a c i t y  on r e s u p p l y  m i s s i o n s .  However, by r e d u c i n g  t h e  
d i s c r e t i o n a r y  p a y l o a d  and r e p l a c i n g  i t  w i t h  more f u e l  s t o r e d  
i n  t h e  l a b ,  t h e  r e s u p p l y  f u e l  l o a d  f o r  t h i s  c a s e  c o u l d  be  r e d u c e d  
enough t h a t  a n  u p r a t e d  Sa-IB c o u l d  be  used  f o r  r e s u p p l y .  F l y i n g  
between 1 4 0  and 150 NM would r e q u i r e  a  Sa-IB c a p a b l e  o f  i n j e c t i n g  
39,820 l b s  i n t o  t h e  120 NM 83.5O r e t r o g r a d e  o r b i t .  T h i s  would 
r e q u i r e  a Sa-IB-A. 

The a d v a n t a g e s  o f  t h i s  mode a r e  t h a t  i t  u s e s  o n l y  f o u r  
l a u n c h e s  (one  Sa-V and t h r e e  Sa-IB) d u r i n g  t h e  y e a r  and does  
n o t  r e q u i r e  u p r a t e d  l a u n c h  v e h i c l e s  o r  CSM, i f  f lown a t  1 6 0  NM. 
A l so ,  t h e  d i s c r e t i o n a r y  p a y l o a d  i s  q u i t e  l a r g e .  The d i sadvan-  
t a g e s  a r e  t h a t  i f  t h e  a n t e n n a s  a r e  u s e d ,  t h e  o r b i t a l  a l t i t u d e  
must be  h i g h e r  t h a n  1 2 0  NM and t h a t  t h e  d i s c r e t i o n a r y  p a y l o a d  
must l a s t  one y e a r  s i n c e  no equipment  would be  b r o u g h t  up on 
t h e  r e s u p p l y  m i s s i o n s .  

Mode 2 

Mode 2  r e q u i r e s  no r e s u p p l y  m i s s i o n s  b u t  does  r e q u i r e  
b o t h  a n  u p r a t e d  Sa-IB and u p r a t e d  s p a c e c r a f t .  T h i s  c a s e  
r e q u i r e s  f o u r  l a u n c h e s  p e r  y e a r  f o r  c o n t i n u o u s  o p e r a t i o n  and 
c o n s i s t s  o f  i n t e g r a l  l a u n c h e s  o f  a 90-day CSM and l a b ,  90 days  
a p a r t .  E s t i m a t e s  o f  t h e  s p a c e c r a f t  w e i g h t ,  pe r fo rmance ,  and 
o r b i t - k e e p i n g  r e q u i r e m e n t s  a r e  g i v e n  i n  T a b l e  I V .  The W/C,A 

U 

f o r  t h e  c a s e  w i t h  a n t e n n a s  i s  e s t i m a t e d  from t h e  Boeing 360-day- 
experiment-module s t u d y  w i t h  a d j u s t m e n t s  f o r  t h e  r e d u c e d  we igh t  
and r educed  a r e a  due t o  t h e  removal  o f  t h e  S-IVB s t a g e  and  t h e  
S - I1  a d a p t e r .  The b a s i c  o r b i t  c o n s i d e r e d  i s  t h e  1 2 0  NM 83.5O 
r e t r o g r a d e .  When h i g h e r  o r b i t s  a r e  d e s i r e d  t o  r e d u c e  s t a t i o n -  
k e e p i n g  r e q u i r e m e n t s ,  t h e  SPS p r o p e l l a n t  needed f o r  a Hohmann 
t r a n s f e r  f rom 1 2 0  NM i s  g i v e n .  A l l  a l t i t u d e s  c o n s i d e r e d  w i l l  
r e q u i r e  a n  u p r a t i n g  t o  Sa-IB-B i f  9,000 l b s  o f  d i s c r e t i o n a r y  
p a y l o a d  a r e  t o  be  c a r r i e d .  

The a d v a n t a g e s  o f  t h i s  mode a r e  t h a t  t h e  d i s c r e t i o n a r y  
p a y l o a d  need  o n l y  l a s t  f o r  90 days  and t h a t  t h e  a l t i t u d e  can  be  
as low as 1 2 0  NM w h i l e  s t i l l  r e q u i r i n g  o n l y  f o u r  l a u n c h e s  p e r  
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year, all on uprated Sa-IBIS. The disadvantages are the upratings 
required for both launch vehicle and spacecraft. 

Mode 3 

The third mode of operation is similar to Mode 2 
except that each mission is 45 days and uses AES configuration 
"Dft equipment. This requires eight launches per year, but they 
are all possible on the "lesser" uprated Sa-IB-A. Performance, 
orbit-keeping requirements, and weights are given in Table V. 

The chief advantage in this mode is that it does 
not require uprated spacecraft. The discretionary payload 
must last only 45 days and then is renewed. This mode requires 
eight launches of uprated Sa-IBTs per year. 

Mode 4 

In order to perform the mission with no uprating and 
without the drastic modifications of the S-IVB, Mode 4 is 
suggested. A 45-day. configuration "C" CSM, a 135-day LEM lab and 
up to 65, 000 lbs of discretionary payload can be put up on 
the first launch with a standard Sa-V. Then, using the standard 
Sa-IB, two resupply missions are flown at 45-day intervals 
carrying only a "C" configuration CSM and station-keeping 
fuel. If no antennas are used, there can be additional payload 
on the resupply missions. The spacecraft weights are given 
along with performance and orbit-keeping requirements in Table 
VI. The orbit-keeping is based on a 9,000 lbs discretionary 
payload only. Without antennas (W/CDA = 105) the station-keeping 

fuel is reduced to 600 lbs for 45 days, which reduces the total 
weights to 41,400 lbs and 23,600 lbs for initial launch or 
resupply respectively, allowing 1,900 lbs extra payload on the 
resupply mission. This mode has the advantage of using all 
non-uprated equipment but requires extra launches. In a three- 
year period it requires eight Sa-V1s and sixteen Sa-IB7s at a 
combined rate of eight launches per year, 

Mode 5 

To eliminate the Sa-V launches while using only stan- 
dard Sa-IBfs, a multiple-launch initial mission can be substituted 
for the Sa-V in the previous mode. On the first launch the 
lab module, discretionary payload, and an aerodynamic protective 
shroud are put up unmanned. The protective shroud should 
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weigh less than 3,000 lbs. In this case, the capability of the 
Sa-IB is reduced to 21,000 lbs because the suborbital SPS burn 
is eliminated. The second launch is a manned CSM identical to 
the resupply missions of the previous mode. For the case with 
no antennas, this mode is capable of flying at 120 NM, but, 
with antennas, it must fly between 150 and 170 NM. The weights, 
performance, and orbit-keeping requirements are given in Table 
VII. The added advantage of no Sa-V launches might be offset 
by the necessity of two extra launch operations per year and 
the difficulty of rendezvous with an unmanned lab. 

The station-keeping fuel estimates in the above 
examples are not the results of any optimization. Since a 
low altitude is desirable for earth sensing missions, it 
seemed reasonable to allow some orbital decay when unable to 
fly at 120 NM. This would enable the spacecraft to be at a 
fairly low altitude part of the time, rather than be constantly 
at some intermediate altitude using continuous station-keeping. 

IV Conclusion 

The five modes considered have been presented to show 
first-order feasibility only. No choice as to which would be 
most desirable is made. Important factors governing this choice, 
such as cost, operational difficulties, lead times of uprated 
components, interference with other concurrent space programs, 
and the actual nature of the payload to be flown, are beyond 
the scope of this study. It has been shown that such a mission 
could be flown using AES equipment and existing or modified 
launch vehicles. However, it may prove to be more efficient and 
worthwhile to employ the longer duration schemes which use 
uprated equipment. This question is left entirely open. 
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F! VtIUtNI IAL A 

Launch V e h i c l e s  

.* Sa-V 

Sa-IB (SPS s u b o r b i t a l  i g n i t i o n )  

Sa-IB ( d i r e c t  i n j e c t i o n )  

Sa-IB-A 

Sa-IB-B 

S p a c e c r a f t  Modules O r b i t  
D u r a t i o n  

(Days 

Payload* 

1g0,000 

25,500 

21,000 

47,000 

68,000 

Apo l lo  CSM Block  I1 

AES CSM C o n f i g .  I'D" 

AES CSM Conf ig .  " C "  

Concept "0" CSM 

Lab Module C o n f i g .  "D" 

Lab Module Conf ig .  " C "  

Expe r imen t s  Module 

* I n  120 NM 8 3 . 5 O  r e t r o g r a d e  o r b i t  

SPS: S e r v i c e  P r o p u l s i o n  Sys tem i n  t h e  S e r v i c e  Module 

CSM: Command/Service Module 

E s t i m a t e d  W t .  ( l b s )  



TABLE I1 
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TABLE I11 

MODE 1 

Sa-IB RESUPPLY REQUIREMENTS 

Case 1 

160 

150 

5 days  

Case 2  Case 3 

140  120  

130  1 2 0  

2-1/2 d a y s  c o n t i n u o u s  

I n i t i a l  A l t i t u d e ,  (NM) 

A l t i t u d e  b e f o r e  K ick ,  (NM) 

Time be tween  K i c k s  

SPS P r o p e l l a n t  p e r  Year 
f o r  K i c k s ,  ( l b s )  

E x t r a  SPS P r o p e l l a n t  
R e q u i r e d  t o  Resupply  
a t  Decayed A l t i t u d e ,  ( l b s )  

250 
P e r  

r e s u p p l y  

E x t r a  SPS P r o p e l l a n t  
Needed t o  B r i n g  Lab 
t o  I n i t i a l  A l t i t u d e ,  ( l b s )  

SPS Needed f o r  4 R e t r o s ,  ( l b s )  

T o t a l  SPS P r o p e l l a n t  
Needed f o r  1 Year, ( l b s )  

SPS P r o p e l l a n t  C a r r i e d  
I n i t i a l  M i s s i o q ,  ( l b s )  

SPS P r o p e l l a n t  t o  b e  C a r r i e d  
on Each Resupply  F l i g h t ,  
( l b s )  

Resupply  CSM Weight ,  ( l b s )  

Resupply  M i s s i o n  
Weight a t  120  NM,  ( l b s )  

*Too l a r g e  f o r  B lock  I1 t a n k s  
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TABLE I V  

MODE 2  

90-day Concept l l O n  CSM 

90-day l a b  (135  day l a b  
u s e d  f o r  90 d a y s )  
C o n f i g u r a t i o n  " C V  

D i s c r e t i o n a r y  payloa-d 

Without  l a r g e  a n t e n n a s  W/CDA = 120 

28,830 l b s  ( i n c l u d e s  r e t r o  f u e l  
and  l i f e  s u p p o r t  f o r  
90 days  p l u s  s p a r e  p a r t s  
f o r  added  r e l i a b i l i t y )  

9,000 
46,630 l b s  

140 decay  
t o  120 NM 

125  decay  
t o  120  NM 

No s t a t i o n - k e e p i n g  r e q u i r e d .  600 
l b s  SPS p r o p .  f o r  Hohmann from 120 
NM. T o t a l  w e i g h t  i n  120 NM o r b i t  47,230 l b s  

2  k i c k s  ( o n e  e v e r y  30 d a y s ) ,  600 l b s  
SPS p r o p e l l a n t  ( t o t a l )  r e q u i r e d .  300 
l b s  SPS p r o p .  f o r  Hohmann f rom 120 NM. 
T o t a l  w e i g h t  i n  120 NM o r b i t  47,530 l b s  

1 8  k i c k s  (one  e v e r y  5 d a y s ) ,  1400 l b s  
SPS p r o p e l l a n t  ( t o t a l )  r e q u i r e d .  70 
l b s  SPS p r o p .  f o r  Hohmann f rom 120 
NM. T o t a l  w e i g h t  i n  120  NM o r b i t  48,100 l b s  

With l a r g e  a n t e n n a s  W/CDA = 8 . 6  

170 decay  
t o  160 NM 

No s t a t i o n - k e e p i n g  r e q u i r e d .  2250 
l b s  SPS p r o p .  f o r  Hohmann f rom 120 
NM. T o t a l  we igh t  i n  120 NM o r b i t  

1 8  k i c k s  ( e v e r y  5  d a y s ) ,  3000 l b s  
SPS p r o p e l l a n t  ( t o t a l )  r e q u i r e d .  
750 l b s  SPS p r o p .  f o r  Hohmann f rom 
120 NM. T o t a l  w e i g h t  i n  120 NM o r b i t  50,380 l b s  

120 NM 
c o n t i n u o u s  20,000 l b s  SPS p r o p .  r e q u i r e d .  T o t a l  

we igh t  i n  120 NM o r b i t  



TABLE V 

45-day CSM C o n f i g .  "D" 

45-day l a b  C o n f i g .  "D" 

D i s c r e t i o n a r y  p a y l o a d  

Wi thou t  a n t e n n a s ,  W/CDA = 1 0 3  

21 ,513  l b s  ( I n c l u d e s  r e t r o  
f u e l .  and  l i f e  
s u p p o r t  f o r  45 
d a y s  ) 

9 ,476  l b s  

9 ,000  l b s  

39,989 l b s  

No s t a t i o n - k e e p i n g  needed  f o r  
45 d a y s .  1 ,090  l b s  SPS p r o p .  
f o r  Hohmann f rom 120  NM.Tota1 
w e i g h t  i n  120  NM o r b i t  

120  NM 
c o n t i n -  
uous  

Kick e v e r y  day .  580 l b s  SPS 
p r o p .  ( t o t a l )  r e q u i r e d .  
T o t a l  w e i g h t  i n  120  NM o r b i t  

With antenna-s , , -  W / C D  = 7 . 3  

No s t a t i o n - k e e p i n g  needed  f o r  
45 d a y s  1090 l b s  SPS prop .  
f o r  Hohmann f rom 120  NM.Total 
w e i g h t  i n  120 NM o r b i t  

150 decay  
t o  140  NM Kick 1 8  t i m e s  ( e v e r y  2 . 5  d a y s ) ,  

2300 l b s  SPS prop .  ( t o t a l )  
r e q u i r e d .  390 l b s  SPS p rop .  f o r  
Hohmann f rom 120  NM. T o t a l  
w e i g h t  i n  120  NM o r b i t  

7 ,000 l b s  SPS p r o p .  r e q u i r e d .  
T o t a l  w e i g h t  i n  120  NM o r b i t  

40,279 l b s  

41,079 I b s  

'46,989 l b s  



TABLE VI 

MODE 4 

Initial mission with large antennas: W/CDA = 7.5 

45-day CSM Config. "Ctt 

135-day lab for Config. "CI1 

Station keeping fuel 

Discretionary payload 

Resupply mission with large antennas: 

45-day CSM Config. "C1l 

Station keeping fuel 

23,000 lbs (includes retro 
and life support 
for 45 days) 

9,000 lbs 

56,800 lbs 

' 23,000 lbs 

2,500*1bs 

25,500 lbs 

#(The actual requirment is 7,000 lbs for each 45 day period. 
The additional 4,500 required is included in the 16,000 lbs 
carried in the initial CSM. Upon rendezvous the remaining SPS 
propellant is to be transferred to .the 'new CSM) . 



TABLE VII 

MODE 5 

Without antennas - 120 .NM: W/CDA = 105 

Initial unmanned launch: 

135-day lab 

Discretionary payload 

Shroud 

Second launch and resupply missions 

45-day CSM Config. "CVV 

Station-keeping fuel 

Additional payload 

With antennas - 150-140 NM: W/CDA = 7.5 

Initial unmanned launch same as above. 

Second launch 

45-day CSM Config. "CVV 

Station-keeping fuel 

Hohmann to 150 NM 

Resupply missions 

45-day CSM Config. "CtV 

Station-keeping fuel 

Additional payload 

23,000 lbs 

600 

.1,goo 

25,500 lbs 

23,000 lbs 

2,300 

200 

25,500 lbs 

23,000 lbs 

2,300 
200 ,. 

25,500 lbs 
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