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The w r i t e r  a t t e n d e d  t h e  mid-term rev iew o f  t h e  J-2s 
Improvement S t u d i e s  he ld  on t h e  23 and 24  o f  October ,  1 9 6 8  
a t  MSFC, H u n t s v i l l e ,  Alabama. The J-2s i s  a major  s u p p o r t i n g  
development  a c t i v i t y  des igned  t o  p r o v i d e  u p r a t e d ,  improved, 
and s i m p l i f i e d  p r o p u l s i o n  f o r  u s e  i n  t h e  S a t u r n  V H 2 / 0 i  s t a g e s .  
The Fy68 e f f o r t  c o n s i s t s  o f  con t inued  e x p e r i m e n t a l  a c t i v i t y  on 
t h e  J-2S, p l u s  " impact  s t u d i e s  conducted  by t h e  S a t u r n  V s t a g e  
c o n t r a c t o r s . "  These impact  s t u d i e s  w i l l  d e f i n e  t h e  s tage 
i n t e g r a t i o n  development r equ i r emen t s  t o  implement i n s t a l l a t i o n  
of J-2s e n g i n e s  on fol low-on buys o f  S a t u r n  V ( p o s t  SA-515) 
and p o s s i b l e  r e t r o f i t  on t h o s e  e x i s t i n g  v e h i c l e s  a v a i l a b l e  a t  
t h e  t i m e  o f  J -2s  q u a l i f i c a t i o n . *  The McDonnell Douglas 
A s t r o n a u t i c s  D i v i s i o n  ( M D A )  i s  r e s p o n s i b l e  for t h e  impact  
s t u d y  on t h e  SIVB, North American Rockwell Space  D i v i s i o n  
(NAR/SD) f o r  t h e  S I 1  s t age , and  IBM f o r  t h e  I n s t r u m e n t  Un i t  ( I U ) .  
Boeing i s  r e s p o n s i b l e  for t h e  o v e r a l l  impact  on t h e  S a t u r n  V,  
f l i g h t  and pay load  c a l c u l a t i o n s ,  and o v e r a l l  c o o r d i n a t i o n  
( a n d  r e p o r t i n g )  o f  t h e  s t u d i e s  much as i n  p r e s e n t  S a t u r n  V 
p r a c t i c e .  The J -2s  eng ine  i s  unde r  predevelopment  by t h e  
Nor th  American Rockwell ,  Rocketdyne Div i s ion (Rocke tdyne ) .  

The mid-term b r i e f i n g  was concerned  p r i m a r i l y  w i t h  
a summary of  m i s s i o n  o r i e n t e d  t r ade  s t u d i e s  by Boeing and 
d e s c r i p t i o n s  of  proposed  e n g i n e e r i n g  d e s i g n s  and m o d i f i c a t i o n s  
t o  t h e  SII, 'SIVB, and I U  s t a g e s .  I n  a d d i t i o n  Rocketdyne 
p r e s e n t e d  t h e  l a t e s t  J-2s t e s t  s t a t u s .  Cost and r e s o u r c e s  
i m p a c t s  were n o t  d i s c u s s e d  and a re  s c h e d u l e d  f o r  a l a t e r  
mee t ing  t o  be he ld  i n  December. 

The h i g h l i g h t s  o f  t he  p r e s e n t a t i o n s  a re  d e s c r i b e d  
below. 

1.0 M i s s i o n  P r o f i l e s  

- 1.1 It was concluded  t h a t  a t h r e e  b u r n  J-2s g r e a t l y  improves 
' t he  m i s s i o n  f l e x i b i l i t y  o f  S a t u r n  V. The r e s t a r t  and r educed  
c h i l l d o w n  r e q u i r e m e n t s  a l l o w  u s e  o f  t r a n s f e r  o r b i t s  which can  
a l l o w  synchronous  o r b i t s  a t  any l o n g i t u d e  and e l i m i n a t e  t h e  pen- 
a l t y  f o r  d i r e c t  i n j e c t i o n  t o  "low ea r th  o r b i t s . "  ( A  two b u r n  
S I 1  s t a g e  can  i n j e c t  240,000 l b s  pay load  t o  300 n.m. by u s e  
of a Hohmann t r a n s f e r  from 1 0 0  n.mi. compared t o  165,000 l b s  
Payload  s i n g l e - b u r n  d i r e c t  i n j e c t i o n  mode. 1 

*Ear l i e s t  r e t r o f i t  was ground r u l e d  a t  SA-508. A more 
r e a l i s t i c  t i m e  span  was cons ide red  t o  b e  SA-511. 
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1 . 2  F i g u r e  1 l i s t s  t h e  performance o f  a J -2s  equipped  S a t u r n  V 
f o r  t h r e e  m i s s i o n s ;  (1) a b a s i c  l u n a r  o r b i t  rendezvous  ( L O R )  
Apol lo  t r a j e c t o r y ,  ( 2 )  a t h r e e  b u r n  synchronous ,  and ( 3 )  a 
300 n.m. low ear th  o r b i t  (LEO) u s i n g  a 2 s t a g e  S a t u r n  V 
( S I C / S I I )  . Also shown i s  t h e  LOR pay load  o f  a " b a s e l i n e f 1  SA- 
511 v e h i c l e .  A s  shown i n  F i g u r e  1, t h e  J-2s LOR improves t h e  
t r a n s l u n a r  i n j e c t i o n  c a p a b i l i t y  by lo%.* 

- 

1.3  I n  a r e t r o f i t  mode, it was j udged  t ha t  r e t r o f i t  u p r a t i n g  
of  t h e  t h r u s t  s t r u c t u r e  of t h e  SIVB and S I 1  was n o t  p r a c t i c a l  
i n  o r d e r  t o  a c c e p t  t h e  f u l l  265,000 l b s  t h r u s t  o f  t h e  J-2s. 
T h e r e f o r e ,  t h e  J-2s would be used i n  a " t h r u s t  l i m i t e d  mode" 
a t  t h e  235,000 l b s  t h r u s t  5 - 2  l e v e l .  

- 

P r e l i m i n a r y  r e s u l t s  show t h a t  t h e  r e t r o f i t  LOR pay- 
l o a d  i n c r e a s e  o v e r  t h e  r e f e r e n c e  SA-511 i s  r educed  t o  5.7% 
from t h e  p r e v i o u s  1 0 % .  (The I n c r e a s e  i s  on ly  due t o  t h e  I 
improvement o f  J-2s). SP 

2.0 SIVB Impacts  - F o l l o w  on S a t u r n  V 

a s p e c t s  o f  t h e  J -2s  ( F i g u r e  2 ) .  A s  shown t h e  l i s t  i s  
i m p r e s s i v e .  F i g u r e  3 shows t h e  estimate o f  i n c r e a s e d  SIVB 
r e l i a b i l i t y  f o r  a J-2s SIVB i n  b o t h  a n  LOR and Synchronous 
m i s s i o n  mode. The r e d u c t i o n  o f  f a i l u r e  modes, a c t u a l  m i s s i o n  
l o s s ,  and l a u n c h  d e l a y  f a i l u r e  modes i s  i m p r e s s i v e .  

MDA has d e f i n e d  t h e  e f f e c t s  o f  t h e  s i m p l i f i c a t i o n  

3.0 S I 1  Impacts  - Follow on S a t u r n  V 

NAR(SD) h a s  s i m i l a r l y  d e f i n e d  t h e  s i m p l i f i c a t i o n  
a s p e c t s  of t h e  J-2s. The r e s u l t s  are similar t o  t h a t  f o r  
t h e  SIVB. F i g u r e  4 shows t h e  es t imate  o f  t h e  i n c r e a s e d  S I 1  
r e l i a b i l i t y  f o r  t h e  LOR mode, Again t h e  improvements are 
i m p r e s s i v e .  

4.0 I U  Impac t s  - Follow o n  S a t u r n  V 

The impac t s  o f  t h e  J-2s i n s t a l l a t i o n  i n  t h e  S I 1  and 
SIVB stages on t h e  I U  a r e  t r u l y  minor  and  i n  c o n t e x t  w i t h  "P roduc t  
Improvement." It i s  noteworthy t h a t  as a r e s u l t  o f  t h e  SA-502 
f l i g h t ,  improved a n a l y s i s  and s t r e n g t h e n i n g  o f  t h e  I U  s t r u c t u r e  
p r o v i d e s  c o n f i d e n c e  t h a t  t h e  p r e s e n t  p r o d u c t i o n  I U  i s  c a p a b l e  
o f  a 1 1 0 , 0 0 0  l b s  pay load  i n  an LOR mode. 

* 
T h i s  per formance  i n c r e a s e  r e s u l t s  p r i m a r i l y  from S I 1  s t a g e  

SP '  
o p e r a t i o n  a t  h i g h e r  t h r u s t  and S I I B  o p e r a t i o n  a t  h i g h e r  I 
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5 .0  J-2s T e s t  S t a t u s  

T e s t i n g  on two complete  e n g i n e  b u i l d s  have  e s s e n t i a l l y  
demons t r a t ed  t h e  p r e l i m i n a r y  model s p e c i f i c a t i o n  r e q u i r e m e n t s  

One e n g i n e  of i d l e  mode, c h i l l d o w n  t i m e ,  h igh  t h r u s t ,  and I 
b u i l d  has been o p e r a t e d , t w i c e ,  a t  l o n g e r  t h a n  f u l l  5-2 d u r a t i o n  
r e q u i r e m e n t s .  T h i s  l a t t e r  b u i l d  had grea te r  t h a n  95% produc-  
t i o n  t y p e  par t s .  A t h i r d  b u i l d  now i n  p r o g r e s s  w i l l  have  99% 
p r o d u c t i o n  hardware. 'The t e s t  program i s  p r o g r e s s i n g  on 
s c h e d u l e  w i t h  no u n f o r e s e e n  problem areas v i s i b l e .  

SP 

One p o i n t  w a s  uncomfor t ab le .  The J-2s as d e s i g n e d  i s  
a c o m p l e t e l y  d i f f e r e n t  e n g i n e  t h a n  t h e  5-2.  A s  s u c h  no ma jo r  
components are i n t e r c h a n g e a b l e .  

6 .0  R e t r o f i t  

The r e t r o f i t  s t u d y  i s  l e s s  t h a n  50% comple te  and i t  
t h e r e f o r e  may be p rema tu re  t o  make judgments  a t  t h e  p r e s e n t  t i m e .  
N e v e r t h e l e s s  t h e  f o l l o w i n g  comments appear v a l i d .  

The ground r u l e s  f o r  t h e  J-2s equippsed S a t u r n  V 
(J-2S/SAT V )  s p e c i f y  no f l i g h t  t e s t  f o r  v e h i c l e  q u a l i f i c a t i o n .  
It i s  proposed  t h a t  t h e  f i rs t  J-2S/SAT V b e  f lown unmanned 
w i t h  pay load .  A s  s t a t ed  p r e v i o u s l y  i n  a r e t r o f i t  mode t h e  
J-2S/SAT V would o p e r a t e ,  derated,  a t  t h e  t h r u s t  l e v e l  o f  
t h e  p r e s e n t  5-2 and i n  a n  LOR mode might  i n c r e a s e  pay load  
5.7%. However, even i n  a n  unmanned mode t h e  f i rs t  f l i g h t  
o f  a new e n g i n e  sys t em on bo th  t h e  S I 1  and S I V B  stages s h o u l d  
be h e a v i l y  i n s t r u m e n t e d  a'la a R & D  v e h i c l e .  
f l i g h t  r e s e r v e s  a n d . m a r g i n s  s h o u l d b e  more c o n s e r v a t i v e  t h a n  
s a y  SA-511. I n  o t h e r  words t h e  p o t e n t i a l  p a y l o a d  i n c r e a s e  
may q u i c k l y  e v a p o r a t e  i n  t he  r ea l  world a p p l i c a t i o n .  

I n  a d d i t i o n  t h e  

The ground r u l e  o f  an  unmanned f l i g n t  o f  a r e t r o f i t  
J-2S/SAT V s h o u l d  b e  c a r e f u l l y  rev iewed.  I n  t h e  t i m e  s p a n  
o f  f l i g h t s  up t o  SA-515 ( f o r  example m i d  19741, t h e  two main 
c a n d i d a t e s  f o r  unmanned S a t u r n  V f l i g h t s  are the  o r b i t a l  
workshop and advanced l u n a r  e x p l o r a t i o n .  The c o s t  o f  these 
p a y l o a d s  would b e  l a r g e  and i t  1 s  q u e s t i o n a h l e  t h a t  an  u n t r i e d  
J-2S/SAT V s h o u l d  b e  committed f o r  t hese  u s e s .  

Another  major  impact  on r e t r o f i t  i s  t h e  proposed  
J-2s q u a l i f i c a t i o n  program ( F i g u r e  5 ) .  F u l l  q u a l i f i c a t i o n  i s  
s c h e d u l e d  f o r  J a n u a r y  1, 1972. A s  f a r  as known no c o n c u r r e n t  
p r o d u c t i o n  o f  f l i g h t  s u i t a b l e  e n g i n e s  i s  p l anned .  Lead times 
f o r  e n g i n e  d e l i v e r y  are a t  l e a s t  1 8  months.  If a ser ies  t y p e  
program i s . a p p r o v e d ,  t h e  ear l ies t  f l i g h t  e n g i n e s  would n o t  be 
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a v a i l a b l e  u n t i l  mid.  1 9 7 4 .  A r e t r o f i t  J-2S/SAT V would n o t  b e  
a v a i l a b l e u n t i l m i d  1975. For e a r l i e r  d e l i v e r y ,  e n g i n e  pro-  
d u c t i o n  must  b e  i n i t i a t e d  soone r  w i t h  concomi tan t  i n c r e a s e d  
fund ing .  

I n  summary, r e t r o f i t t i n g  J-2s e n g i n e s  on e x i s t i n g  
S a t u r n  V v e h i c l e s  does  n o t  appea r  a r e a s o n a b l e  o p t i o n .  

7.0 G e n e r a l  Comments 

A s  i n  many c a s e s ,  t h e  ground r u l e s  e s t a b l i s h e d  for t h e  
impact  s t u d i e s  became l e s s  v a l i d  (or i n v a l i d a t e d )  due to 
u n f o r e s e e n  e v e n t s .  The  h i g h  p r o b a b i l i t y  o f  t h e  S a t u r n  V 
p r o d u c t i o n  program b e i n g  gapped d u r i n g  t h e  1972/1973 p e r i o d  
s e v e r l y  i m p a c t s  upon t h e  J-2s program. The J-2s program s t i l l  
r e q u i r e s  of t h e  o r d e r  o f  $60 R f o r  q u a l i f i c a t i o n  by  J a n u a r y ,  
1972.  None o f  t h e  hardware  o f  t h e  proposed  q u a l  program, 
( 6  comple t e  e n g i n e  assemblies and 15 e n g i n e  b u i l d s * )  i s  or 
s h o u l d  be p roposed  f o r  u s e  on f l i g h t  v e h i c l e s .  The p r o d u c t i o n  
lead t i m e  o f  J-2s i s  one-to-two y e a r s  l e s s  t h a n  t h a t  f o r  
r e i n s t i t u t i o n  o f  S a t u r n  V p r o d u c t i o n .  T h e r e f o r e ,  t h e  e n g i n e  
c o u l d  b e  i n i t i a t e d  a t  a l a t e r  t i m e .  I n  any e v e n t  t h e  J-2s 
q u a l i f i c a t i o n  program c o u l d  p r o b a b l y  b e  s t r e t c h e d  o u t  w i t h o u t  
i m p a c t i n g  on t h e  r e a c t i v a t i o n  o f  S a t u r n  V. I ndeed  a s t r e t c h -  
o u t  c o u l d  r e d u c e  t h e  o v e r a l l  d i r e c t  c o s t  o f  t h e  J-2s program. 

On t h e  o t h e r  hand t h e  J-2s i s  n o t  r e q u i r e d  f o r  t h e  
m i s s i o n  f l e x i b i l i t y  d e s i r e d  f o r  t h e  S a t u r n  V. The 5-2 e n g i n e  
can  p r o v i d e  t h e  m u l t i p l e  r e s t a r t s  d e s i r e d  f o r  c a n d i d a t e  
synchronous  and 200-300 m i l e  low e a r t h  o r b i t  m i s s i o n s .  The 
r e s t a r t s  a re  p r e s e n t l y  l i m i t e d  by  s y s t e m  he l ium s u p p l y  and 
t a n k  r e p r e s s u r i z a t i o n  r e q u i r e m e n t s .  T h e s e  can  b e  s a t i s f i e d  
by a d d i t i o n  o f  supplementary  he l ium p r e s s u r e  v e s s e l s .  

The J-2s p a r t i c u l a r l y  on t h e  S I V B  s t a g e  i s  a p p a r e n t l y  
one of  t h e  k e y s  i n  o b t a i n i n g  a new low c o s t  b o o s t e r .  A l l  NASA 
f i r s t  s tage  pr ime c o n t e n d e r s  (260  i n - s o l i d ,  156- in  s o l i d  c l u s t e r ,  
S I C ,  p r e s s u r e  f ed  l i q u i d )  could  e f f e c t i v e l y  u s e  a f l e x i b l e  
low c o s t  SIVB second s tage .  The J-2s may a s s i s t  i n  promot ing  
economies i n  s tage  f a b r i c a t i o n ,  checkou t ,  l a u n c h - o p e r a t i o n s ;  
e t c .  and i n d e e d  may b e  t h e  key t o  a cheap  N A S A  v e h i c l e .  It 
t h e r e f o r e  migh t  b e  unwise to a t t a c h  t h i s  program t o  t h a t  o f  a 
r e j u v e n a t e d  S a t u r n  V. 

* 
An e n g i n e  b u i l d  i s  a n  e n g i n e  a s s e m b l y  o f  new or reworked 

components which a re  es t imated  t o  c o s t  t h e  same as a n  e n g i n e  
c o n s t r u c t e d  o f  b rand  new hardware. 
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The above judgements may be altered after the vehicle 
costing, scheduling and resources data become available. Never- 
theless in this writers opinion the whole J-2s program cost 
schedule, overall aims etc. should be given brand new scrutiny 
and be reintegrated into today's environment. 

10 13-CB-nma 
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