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ABSTRACT 

A p r e l i m i n a r y  s t u d y  was made t o  d e t e r m i n e  t h e  p o t e n -  
t i a l  i n c r e a s e  i n  we igh t  i n  earth o r b i t  o b t a i m a b l e  by  u p r a t i n g  
t h e  S a t u r n  V f i r s t  and second s tage e n g i n e s .  

A 1 0 %  t h r u s t  augmenta t ion  o f  t h e  S a t u r n  V f i r s t  s tage  
i n c r e a s e s  t h e  weight  i n  earth o r b i t  by a b o u t  1 0 , 0 0 0  l b s .  If 
b o t h  t h e  f i rs t  and second s t a g e  t h r u s t  a re  i n c r e a s e d  by lo%, 
t h e  r e s u l t  i s  abou t  1 6 , 0 0 0  l b s .  The c o r r e s p o n d i n g  f i g u r e s  f o r  
a 30% i n c r e a s e  i n  t h r u s t  are about  2 4 , 0 0 0  and 3 0 , 0 0 0  l b s ,  
r e s p e c t i v e l y .  

- 
[NBSA-CR-96800)  SATURN 5 PERFORMANCE - 
EFFECT OF ENGINE T H R U S T  IIYCREASE OF W E l G H T  IM EARTH ORBIT {BelIcomm, I n c , )  5 p 

N79-71965 

Unclas 
00/13 11254 



BELLCOMM, INC. 
1100 Seventeenth Street, N.W. Washington, D. C. 20036 

SUBJECT: S a t u r n  V Performance -- 
E f f e c t  o f  Engine T h r u s t  
I n c r e a s e  on Weight i n  
E a r t h  O r b i t  - Case 330 

DATE: J u l y  2 9 ,  1 9 6 8  

FROM: J .  J .  Schoch 

MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

P r e s e n t  S a t u r n  V v e h i c l e s  have a l i f t - o f f  t h r u s t  t o  
we igh t  r a t i o  o f  1 . 2 .  It i s  b e l i e v e d  t h a t  f o r  a n  unmanned v e r -  
s i o n  o f  t h e  v e h i c l e  such  as may b e  used  f o r  p l a n e t a r y  m i s s i o n s  
t o  c a r r y  s p a c e c r a f t  modules o r  p r o p e l l a n t  t o  ea r th  o r b i t  a l a r -  
g e r  q a  l i m i t  t h a n  p r e s e n t l y  s p e c i f i e d  would s t i l l  be  a c c e p t a b l e .  

(Fl) and second ( J 2 )  s t a g e  e n g i n e s  i n c r e a s e d  t o  e v a l u a t e  t h e  
p o t e n t i a l  g a i n  i n  weight  i n  e a r t h  o r b i t .  

Computer r u n s  were made w i t h  t h e  t h r u s t  o f  t h e  f i r s t  

V e h i c l e  Performance 

The v e h i c l e  per formance  a n a l y s i s  i s  based on t h e  mass 
c h a r a c t e r i s t i c s  g i v e n  i n  Reference  1 f o r  v e h i c l e  506 and f o l l o w -  
i n g .  
t h e  mass o r  d r a g  c h a r a c t e r i s t i c s  o f  t h e  v e h i c l e .  Each r u n  i s  
c h a r a c t e r i z e d  by: 

It was assumed t h a t  t h e  i n c r e a s e d  t h r u s t  does  n o t  change 

a )  a v e r t i c a l  r i s e  for 1 2  s e c . ,  t h e  k i c k i n g  maneuver,  
and a g r a v i t y  t u r n  f l i g h t  f o r  t h e  res t  o f  t h e  f i r s t  
s t a g e ;  

b )  second and par t  of  t h i r d  s t a g e :  l i n e a r  t a n g e n t  
( t g  $J = A t B  t )  f l i g h t  u n t i l  r e a c h i n g  o r b i t a l  con- 
d i t i o n s .  

For e a c h  run  t h e  l i n e a r  t a n g e n t  p a r a m e t e r s  A and B and t h e  t h i r d  
s t a g e  b u r n i n g  t i m e  a re  a d j u s t e d  i n  such  a manner as t o  s a t i s f y  
t h e  e a r t h  o r b i t a l  c o n d i t i o n s .  Besides t h i s  t h e  k i c k  a n g l e  was 
o p t i m i z e d  s o  as t o  g i v e  minimum t h i r d  s tage  b u r n i n g  t i m e ,  i . e . ,  
maximum weight  i n  e a r t h  o r b i t .  
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R e s u l t s  and Conc lus ions  

The r e s u l t s  are p l o t t e d  on Graph 1. The c u r v e s  show 
t h e  i n c r e a s e  i n  pay load  as a f u n c t i o n  of  i n c r e a s e  i n  t h r u s t .  
One c u r v e  i s  a p p l i c a b l e  t o  a n  i n c r e a s e  i n  t h r u s t  i n  t h e  f i r s t  
s t a g e  o n l y  wh i l e  an e q u a l  t h r u s t  i n c r e a s e  i n  b o t h  s t a g e s  was 
used  f o r  t he  second c u r v e .  The lower  two c u r v e s  show q The 
independen t  v a r i a b l e s  are b o t h  t h r u s t  i n c r e a s e  i n  p e r c e n t  and 
t h r u s t  t o  weight  r a t i o  a t  l i f t - o f f .  A t e n  p e r c e n t  i n c r e a s e  i n  
f i r s t  s tage t h r u s t  p r o v i d e s  an  i n c r e a s e  i n  weight  i n  ear th  or- 
b i t  o f  1 0 , 0 0 0  l b s .  T h i s  f i g u r e  becomes 1 6 , 0 0 0  l b s .  i f  t h e  
t h r u s t  i n c r e a s e  i s  a p p l i e d  t o  b o t h  s t a g e s .  The c o r r e s p o n d i n g  
f i g u r e s  for a 30% t h r u s t  i n c r e a s e  are  2 4 , 0 0 0  and 30,000 l b s .  

max 

For  a 3 0 %  i n c r e a s e  i n  t h r u s t  t h e  v a l u e  f o r  q 

n e a r l y  t w i c e  as la rge  as f o r  t h e  c o n v e n t i o n a l  S a t u r n  v e h i c l e .  
T h i s  l a rge  qma, v a l u e  canno t  be d e c r e a s e d  s i g n i f i c a n t l y  by  f l y -  

ing t h e  t r a j e c t o r y  w i t h  a non optimum k i c k  a n g l e .  

i s  max 

A c o r r e s p o n d i n g  t h r u s t  i n c r e a s e  i n  t h e  t h i r d  s tage  
does n o t  p r o v i d e  any a d d i t i o n a l  
o r b i t .  

1013-JJS-kle  
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