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ABSTRACT 

The f i n a l  p r e s e n t a t i o n s  on t h e  FY 66  S a t u r n  Improve- 
ment S t u d i e s  were made by Boeing,  C h r y s l e r ,  Douglas  and Nor th  
American a t  MSFC on October  3,  4, and 5 .  T h i s  p a p e r  r e p o r t s  on 
t h o s e  p r e s e n t a t i o n s  and comments v e r y  b r i e f l y  on some of t h e  rnui.t: 
i n t e r e s t i n g  p o i n t s  b rough t  o u t  i n  t h e  s t u d i e s .  It i s  t h e  o p i n i o n  
o f  t h e  a u t h o r  t h a t  t h e  s e l e c t i o n  o f  o p t i m a l  c o n f i g u r a t i o n s  for 
upraica l a u n c h  v e h i c l e s  must a l s o  depend h e a v i l y  on mis s io r ,  plan-,  
n i n g  p h i l o s o p h y  and on l a u n c h  c o n s i d e r a t i o n s ,  s p e c i f i c a l l y ,  
f a c i l i t y  and o p e r a t i o n s  c o s t s  as wel l  as l a u n c h  r a t e  e x p e c t a t i o n s .  
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P r e s e n t a t i o n  o f  S tudy  R e s u l t s  

Boeing ,  Douglas ,  C h r y s l e r ,  and Nor th  American made 
i i l&Ki I"i1-,ai p p s e l > t a t ~ " r , s  ai ;<SFc "11 t i i e  Satilr.rl Impi-,cjveiiieiit 
S t u d i e s  f o r  FY 66 on October  3, 4 ,  and 5 .  These s t u d i e s  have 
been  conduc ted  unde r  c o n t r a c t  w i t h  MSFC, r e p r e s e n t e d  by M r .  R .  

S a t u r n  iB based c o n f i g u r a t i o i i s  . NASA H e a d q u a r t e r s  NSF/ivi'iV was 
r e p r e s e n t e d  a t  t hese  p r e s e n t a t i o n s  b y  Messrs. D .  Schnyer  and 
J .  Burke.  MSF/MTV c o o r d i n a t e s  t h e s e  s t u d i e s  and companion s t u d i e s  
by KSC on c o r r e s p o n d i n g  f a c i l i t i e s  f o r  l a u n c h  o f  t hese  v e h i c l e s .  
Bellcomm a t t e n d e e s  o f  t h e  f i n a l  p r e s e n t a t i o n s  were D .  V a l l e y  and  
t h e  a u t h o r .  E a r l i e r  p h a s e s  of t h e s e  s t u d i e s  have a l s o  been  
r e p o r t e d  by C .  Bendersky and A .  W .  S t a r k e y .  The s p e a k e r s  and 
s upp 01' t i ng c oii t r a c  t or p e 1's O i l i l e  1 i- epi- e s e i 2 t  ed s oi?ie iii ne  t e e fi 
companies .  

D 2 . v ;  : f3r S a t u r n  11 derj.lj<x,: . -n1-- :  , , , c l e s  and by N r .  !'4. Page ? o r  

Boeing l e d  o f f  t h e  p r e s e n t a t i o n s  with d e s c r i p t i o n s  o f  
S-1C b o o s t e d  MLV S a t u r n  INT ( I n t e r m e d i a t e ,  o r  de ra t ed  v e r s i o n s  o f  
s t u k n  V )  c o n f i g u r a t i o n s  and u p r a t e d  MLV S a t u r n  V c o n f i g u r a t i o n s .  
The Sys t ems  A n a l y s i s  C o n t r a c t o r  f o r  e a c h  c o n f i g u r a t i o n  c o n s i d e r e d  
i n  t hese  s t u d i e s  was t h e  m a n u f a c t u r e r  o f  t h e  f i r s t  l i q u i d  s tage.  
N A A ' s  p r e s e n t a t i o n  which f o l l o w e d  B o e i n g ' s  t h e r e f o r e  c o v e r e d  MLV 
S a t u r n  I N T  a s s e m b l i e s  t h a t  e l i m i n a t e  t h e  S-1C f rom t h e  S a t u r n  V 
s t a c k - u p .  S t r ap -on  s o l i d s  are r e g a r d e d  as e i t h e r  a " z e r o "  s tage 
o r  a u g m e n t a t i o n  t o  t h e  l i q u i d  " c o r e "  i f  t h e  c o r e  is i g n i t e d  a t  
l i f t o f f .  The NAA p r e s e n t a t i o n  a l s o  cove red  second  s tage  s u p p o r t  
f o r  t h e  Boe ing- s tud ied  c o n f i g u r a t i o n s .  On t h e  second  d a y ,  
C h r y s l e r  p r e s e n t e d  MLV S a t u r n  1B c o n f i g u r a t i o n s  which r e t a i n  t h e  
S-1B b a s i c  s t a g e .  Douglas  fo l lowed  t h i s  w i t h  a d e s c r i p t i o n  o f  
a c o n f i g u r a t i o n  which r e p l a c e s  t h e  S-1B s t a g e  o f  S a t u r n  1 B  w i t h  
a c l u s t e r  o f  f i v e  1 2 0 "  SRMs. Doug las '  p r e s e n t a t i o n  a l s o  i n c l u d e d  
t h e i r  a c t i v i t i e s  i n  s u p p o r t  o f  t h e  o t h e r  c o n t r a c t o r s  where 
d e r i v a t i v e s  o f  t h e  S-IVB were p l a n n e d  f o r  u p p e r  s tages ."  

*Except as n o t e d  i n  t h e  d i s c u s s i o n ,  summary d e s c r i p t i o n s  
o f  t hese  c o n f i g u r a t i o n s  have been  i n c l u d e d  i n  e a r l i e r  r e p o r t s :  

Mid T e r m  Review o f  S a t u r n  1B Improvement S t u d i e s  a t  MSFC 
May 1 8 ,  1 9 6 6 ,  A .  W. S t a r k e y ,  5/20/66, and 
Mid Term Review f o r  S a t u r n  V Improvement S t u d i e s  a t  MSFC 
J u l y  6 ,  1966 ,  G. W. Craft, 7 /12 /66 .  
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The p r e s e n t a t i o n s  of e a c h  company g e n e r a l l y  i n c l u d e d  
d e s c r i p t i o n s  of e a c h  c o n f i g u r a t i o n  w i t h  emphasis  on s p e c i a l  
d e s i g n  f e a t u r e s  and v a r i a t i o n  on e x i s t i n g  p r a c t i c e  and hardware. 
Cos t  summaries were g i v e n  and i n c l u d e d  es t imates  o f  R&D, manu- 
f a c t u r i n g ,  t e s t i n g ,  l a u n c h  f a c i l i t y  and o p e r a t i n g  c o s t s  to s u p p o r t  
a t o t a l  program o f  30 m i s s i o n s  w i t h  t h e  i n d i c a t e d  c o n f i g u r a t i o n .  
P a y l o a d / m i s s i o n  c a p a b i l i t y  was d e t a i l e d  for a b road  r a n g e  o f  
o r b i t s  and t r a j e c t o r y .  O p e r a t i n g  c o n s t r a i n t s  and s t r a t egy ,  imple -  
m e n t a t i o n  s c h e d u l e s ,  and phase - in  were a l s o  d i s c u s s e d  based on 
minimum m o d i f i c a t i o n  of e x i s t i n g  s u p p o r t  e l e m e n t s  and f a c i l i t i e s  
and a n  e a r l y  go-ahead.  I n  each  p r e s e n t a t i o n ,  a r e l a t i v e l y  b r i e f  
summary rev iewed c r i t e r i a  f o r  comparison and  i d e n t i f i e d  f ami l i a l  

were r e l a t ed  ma in ly  t o  s u g g e s t i o n s  f o r  f u r t h e r  s t u d y  o f  n o t a b l y  
s t i c k y  problems and o f  p o t e n t i a l  m i s s i o n  r e q u i r e m e n t s  f o r  t h e  v e h i c l e s .  

conr"iguur.at io i i s  of gitaduat e d  c s p a b i  lit y 2i;d 2 os t . W n n n m m n n A a f i  vIIIIIIL1l-u. n n c  v A I u  

The morning of t h e  t h i r d  day  was d e v o t e d  to an  
E x e c u t i v e  Summary o f  t h e  p r e s e n t a t i o n s .  I n  t h i s  s e s s i o n ,  t h e  
26011 SRM b o o s t e d  MLV S a t u r n  lB-5a was i n c l u d e d  ( t h i s  c o n f i g u r a t i o n  
has been  t h e  s u b j e c t  of a previous r e p o r t  b y  D o u g l a s ) ,  and t h e  
M a r t i n  Company commented on t h e  most s i g n i f i c a n t  a s p e c t s  o f  l a u n c h  
f a c i l i t i e s  f o r  e a c h  c o n f i g u r a t i o n .  

The d i r e c t  approach  t o  u p r a t i n g  v e h i c l e  c a p a b i l i t y  i s  
t o  add more of t h e  same. Exemplary o f  t h i s  approach  w i t h  t h e  
S a t u r n  V i s  t h e  MLV S a t u r n  V-3B. I n  t h i s  c o n f i g u r a t i o n ,  t h e  
f i rs t  s t a g e  i s  s t r e t c h e d  t o  p r o v i d e  more p r o p e l l a n t  c a p a c i t y .  
Higher t h r u s t  f o r  l i f t i n g  t h e  h e a v i e r  v e h i c l e  i s  o b t a i n e d  b y  
u p r a t i n g  t h e  F-1 e n g i n e s  w h i c h  have a s i g n i f i c a n t  marg in  for 
f u r t h e r  deve lopment .  S i x  engine  S-1C's were i n v e s t i g a t e d  d u r i n g  
t h e  s t u d i e s  and e l i m i n a t e d  because  o f  t h e  e x t e n s i v e  m o d i f i c a t i o n s  
t h e y  would n e c e s s i t a t e  t o  t h e  b o a t - t a i l  s e c t i o n  o f  t h e  stage and  
t o  ground f a c i l i t i e s .  By similar r e a s o n i n g ,  t h e  p e r f e c t l y  
f e a s i b l e  a p p r o a c h  o f  i n c r e a s i n g  s t a g e  diameters was e l i m i n a t e d  a t  
t h e  o u t s e t .  

The u p r a t i n g  approach  f o r  u p p e r  s tages ,  as ide  from 
l e n g t h e n i n g  t h e  t a n k s ,  i s  t o  r e p l a c e  t h e  5-2 e n g i n e s  w i t h  a new 
g e n e r a t i o n  o f  LOX/LH2 b u r n i n g  e n g i n e s .  
s u g g e s t e d :  
chamber p r e s s u r e  b e l l  e n g i n e s .  The t o r o i d a l  a e r o s p i k e  e n g i n e  
has a s i g n i f i c a n t  advan tage  i n  i t s  s h o r t  a x i a l  l e n g t h ,  and i n  
i t s  s i m p l i c i t y .  T h i s  a l l o w s  the s t a g e  t a n k s  t o  be  s t r e t c h e d  
p r o b a b l y  some 1 0  f t  o r  more b e f o r e  t h e  e f f e c t  r e s u l t s  i n  a n  
o v e r a l l  l e n g t h e n i n g  o f  t h e  s t a g e .  S i n c e  t h e  t o r o i d a l  a e r o s p i k e  
e n g i n e  i s  g i m b a l l e d  i n  t h e  p l ane  o f  i t s  maximum diameter,  

Two a p p r o a c h e s  are 
t o r o i d a l  a e r o s p i k e  e n g i n e s  and  h i g h  combust ion  



B E L L C O M M ,  INC. - 3 -  

a d j a c e n t  c l u s t e r e d  e n g i n e s  can b e  l o c a t e d  on v e r y  c l o s e  c e n t e r s  
w i t h  h o t  g a s  r e c i r c u l a t i o n  c o n t r o l l e d  by f l e x i b l e  h e a t s h i e l d s  
s imi l a r  t o  t h o s e  p r e s e n t l y  i n  u s e  o n  t h e  S- I1  s t a g e .  F i n a l l y ,  
t h i s  t y p e  of e n g i n e  has an  expans ion  r a t i o  t h a t  i s  c h a r a c t e r i s t i c a l l y  
a l t i t u d e  compensa t ing .  

A f u l l  s i z e  model of t h e  t o r o i d a l  a e r o s p i k e  e n g i n e  
( s c a l e d  f o r  abou t  300K l b s  t h r u s t ) w a s  d e m o n s t r a t e d  f o r  t h e  Improve- 
ment S tudy  a t t e n d e e s  by Rocketdyne.  It  i s  a b o u t  1 2  f e e t  i n  
diameter and ,  w i t h  a g r e a t l y  t r u n c a t e d  c e n t e r  s p i k e ,  o n l y  a b o u t  
f o u r  f e e t  h i g h .  The ho l low s p i k e  s e c t i o n  c o n t a i n s  p r o p e l l a n t  
tu rbopumps ,  plumbing and g imbal  b e a r i n g s  f o r  t h e  e n g i n e .  The s p i k e  

t u r b i n e  e x h a u s t  i s  b l e d  i n t o  t h e  low p r e s s u r e  volume a f t  o f  t h e  
s p i k e  t r u n c a t i o n .  S c a l e  model f i r i n g s  have r e p o r t e d l y  demon- 
s t r a t e d  t h e  f e a s i b i l i t y  o f  most of t h e  d e s i g n  fea tures  o f  t h i s  
e n g i n e .  

and c,cz,=.dstiorl charl"vzr aye pg(=r ,eyat i - fe ly  coo led  b y  hydrzlgerl 2nd 

A new approach  t o  t h e  d e s i g n  of  a h i g h  p r e s s u r e  b e l l  
e n g i n e  was a l s o  d e m o n s t r a t e d  i n  f u l l  s c a l e  model form by P r a t t  & 
Whitney. Somewhat l e s s  e x o t i c  t h a n  Rocke tdyne ' s  a p p r o a c h ,  t h e  P&W 
e n t r y ,  n e v e r t h e l e s s ,  e x h i b i t s  some i m p r e s s i v e  i n n o v a t i o n s .  
D e s i g n a t e d  RL-20, i t  i s  a res ta r tab le  LOX/Hydrogen e n g i n e  s imilar  
i n  size and g c n c r a l  ai;~;earanzc t o  t h e  J - 2 .  Aside frm t h e  high 
p r e s s u r e  combust ion  chamber,  i t s  main f e a t u r e  i s  a two p o s i t i o n  
n o z z l e  s k i r t  e x t e n s i o n .  Wi th  t h e  skirt  i n  a r e t r a c t e d  p o s i t i o n ,  
t h e  e n g i n e  t akes  up less  a x i a l  l e n g t n  i n  t h e  s t a c k e d  v e h i c l e .  
The  e n g i n e  can  b e  o p e r a t e d  i n  t h i s  c o n f i g u r a t i o n  u s i n g  t h e  
r e g e n e r a t i v e l y  c o o l e d  s t u b  n o z z l e  t o  p r o v i d e  e x p a n s i o n  f o r  low 
a l t i t u d e  o p e r a t i o n .  A t  h i g h  a l t i t u d g  or a f t e r  s t a g i n g ,  t h e  n o z z l e  
s k i r t  would be  e x t e n d e d  ( i n  15 s e c o n d s )  t o  i n c r e a s e  i t s  e x p a n s i o n  
r a t i o .  Bleed hydrogen  i s  used t o  c o o l  t h e  e x t e n d e d  s k i r t  and i s  
expanded to l o c a l  ambient  p r e s s u r e  i n  m i n i a t u r e  n o z z l e s  a t  t h e  
l a r g e  n o z z l e ' s  o u t l e t  p l a n e .  N e a r l y  as much t h r u s t  r e s u l t s  f rom 
t h i s  e f f e c t  as would be o b t a i n e d  i n  b u r n i n g  t h e  hydrogen .  Pump 
t u r b i n e s  are mounted between a p r e b u r n e r  and t h e  f i l m - c o o l e d  
( h y d r o g e n )  main chamber where f i n a l  O2 i s  added. The p r e b u r n e r ,  
main combust ion  chamber a r rangement  p r o v i d e s  a p r o g r e s s i v e  
combust ion  e f f e c t  which may r educe  t h e  p o s s i b i l i t y  o f  combust ion  
i n s t a b i l i t y  . 

The INTermediate v e h i c l e s  -17, -18.5(S), and -18.7(S) 
are  of  i n t e r e s t  ma in ly  as l e s s e r  members o f  a n  u p r a t e d  S a t u r n  V 
f a m i l y .  T h a t  i s ,  g i v e n  one of t h e  u p r a t e d  c o n f i g u r a t i o n s ,  t h e  
c o r r e s p o n d i n g  INT c o n f i g u r a t i o n  would be  an obv ious  c o n t e n d e r  
f o r  c o n c u r r e n t  deve lopment .  Launching t h e  I N T  v e h i c l e s ,  however,  
n o t  o n l y  r e q u i r e s  t h e  u s e  o f  a busy  LC-39, b u t  e n t a i l s  a con- 
s i d e r a b l e  f a c i l i t i e s  c o s t  over  and above t h e  c o s t  o f  m o d i f i c a t i o n s  
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f o r  t h e  p a r e n t  c o n f i g u r a t i o n .  I n  view o f  a f o r e s e e a b l e  r e d u c t i o n  
i n  t h e  c o n t i n u e d  need  for S a t u r n  1B m i s s i o n s  and  depend ing ,  of 
c o u r s e ,  on t h e  r e l a t i v e  l a u n c h  r a t e s  i n  r e s p e c t i v e  pay load  r a n g e s ,  
i t  may be more economica l  to u s e  one o f  t h e  MLV S a t u r n  1 B  
c o n f i g u r a t i o n s  o p e r a t i n g  from LC-34 and/or  37 t h a n  a n  INT v e h i c l e .  

Among t h e  S a t u r n  1B based v e h i c l e  c o n f i g u r a t i o n s ,  t h e  
260"  b o o s t e d  S-IVB (MLV S a t  lB-5a) was n o t  emphasized i n  t h e  
main p r e s e n t a t i o n s ,  p a r t l y  a t  l e a s t ,  because  t h e  260"  s o l i d  motor  
r e p r e s e n t s  a r e l a t i v e l y  l a r g e  d e p a r t u r e  f rom hardware t h a t  i s  
c u r r e n t l y  a v a i l a b l e .  An a l t e r n a t i v e ,  t h e  MLV S a t u r n  1 ~ - 1 6 ,  u s i n g  
f i v e  c l u s t e r e d  1 2 0 "  s o l i d s  b e n e a t h  an S-IVB,was r e p o r t e d  on ,  bu t  
p roved  t o  b e  an  i n e f f i c i e n t  weight  l i f t e r  ($ii6j arid a sjiriail oiie 
( 5 2 - 6 2 , 0 0 0  l b  to low e a r t h  o r b i t ) .  

The E x e c u t i v e  Summary d i d  i n c l u d e  t h e  XLV S a t  1E-5a. 
It i s  n o m i n a l l y  c a p a b l e  of c a r r y i n g  9 5 , 5 0 0  pounds to low e a r t h  
o r b i t :  abou t  t h e  t a r g e t  f o r  u p r a t e d  v e r s i o n s  o f  t h e  S a t u r n  1 B .  
I n  a d d i t i o n ,  i t  r e t a i n s  a s i g n i f i c a n t  marg in  f o r  f u r t h e r  u p r a t i n g  
by s t r e t c h i n g  t h e  S-IVB. Howeverwhi l e lB-5a  i s  c l e a r l y  t h e  most 
economica l  v e h i c l e  o v e r  a t h i r t y  m i s s i o n  program, t h e  i n i t i a l  
i n v e s t m e n t  c o s t  a s s o c i a t e d  w i t h  i t  i s  a l s o  h igher  t h a n  f o r  any 
o f  t h e  o t h e r  1 B  c o n f i g u r a t i o n s .  An i m p o r t a n t  a s p e c t  o f  t h i s  c o s t  

f o r  h a n d l i n g  and l a u n c h i n g  s o  l a r g e  a v e h i c l e . *  Follow-up on 
t h i s  a s p e c t  as wel l  as c o n t l n u i i i g  OART d e v e l o p n e n t  o f  269" s o l i d  
t e c h n o l o g y  may c o n t r i b u t e  to a r e v i s i o n  o f  t h e s e  compar i sons .  

is associated ti-,e la-urici-, f ac f i - i t i e s  ope ra t io r l s  r e q u i r e 6  

C o n c l u s i o n s  

The S a t u r n  Improvement S t u d i e s  have s e r v e d  t h e  pu rpose  
o f  i d e n t i f y i n g  a number of f e a s i b l e  v e h i c l e  c o n f i g u r a t i o n s  pos-  
s i b l e  w i t h  o n l y  r e l a t i v e l y  minor  e x c u r s i o n s  from c u r r e n t  t e c h -  
n o l o g y  and hardware. The c o s t 5  e x t e n t  o f  n e c e s s a r y  m o d i f i c a t i o n s  
and m i s s i o n  c a p a b i l i t x  a s s o c i a t e d  w i t h  t h e s e  c o n f i g u r a t i o n s  
p r o v i d e  o n l y  a p a r t  o f  t h e  c r i t e r i a  f o r  s e l e c t i n g  among them. 
The u n e s c a p a b l e  f a c t o r s  s t i l l  u n d e f i n e d  are  t h e  m i s s i o n  r e q u i r e -  
ments  and l a u n c h  r a t e s .  Nowhere i s  t h i s  more a p p a r e n t  t h a n  i n  a 
c o n s i d e r a t i o n  o f  l a u n c h  sys tem m o d i f i c a t i o n s ,  p a r t i c u l a r l y  where 
i t  i s  d e s i r e d  t o  s u p p o r t  a combina t ion  o f  e x i s t i n g  and p roposed  
v e h i c l e  c o n f i g u r a t i o n s .  While a l a u n c h  v e h i c l e  " s t a b l e "  can  be 
d e f i n e d  and assembled, i t s  a p p r o p r i a t e n e s s  and e f f i c i e n c y  r ema in  
dependen t  on t h e  d e f i n i t i o n  of a p h i l o s o p h y  b a s e d  on a t  
l e a s t  a g e n e r a l  s t a t e m e n t  o f  l o n g  r a n g e  o b j e c t i v e s  i n  s p a c e .  I n  
t r a n s l a t i n g  such  o b j e c t i v e s  i n t o  m i s s i o n  hardware, a f i r m  a t t i t u d e  
w i l l  have  to be t a k e n  on t h e  r e l a t i v e  a d v a n t a g e s  o f  a f u l l  s p e c t r u m  
o f  p a y l o a d  c a p a b i l i t y . a n d  t h e  s i m p l i c i t y  of  un i fo rm o p e r a t i o n s  and 
equ ipmen t .  

* T h i s  i s  t h e  s u b j e c t  o f  a r e c e n t  Bellcomm TR 66-330-2, "A 
Concept  For  Hand l ing  and Launching Large S o l i d  Rockets";  d a t e d  
September  30,  1 9 6 6 ,  by A.  W .  S t a r k e y  and t h e  a u t h o r .  
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It seems c l e a r  a t  t h i s  p o i n t  t h a t  t h e  development  c o s t s  
a s s o c i a t e d  w i t h  any of t h e  MLV c o n f i g u r a t i o n s  and w i t h  ground 
f a c i l i t i e s  f o r  m a n u f a c t u r i n g ,  h a n d l i n g  and l a u n c h i n g  demand t h e i r  
u s e  f o r  a l a r g e  number o f  m i s s i o n s .  A second p e r h a p s  obv ious  
p o i n t  i s  t h a t  t h e  smaller t h a t  m i s s i o n  lead  t i m e  i s  made f o r  t h e  
sake o f  program f l e x i b i l i t y ,  t h e  g r e a t e r  i s  t h e  need f o r  v e h i c l e  

. s t a n d a r d i z a t i o n .  
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