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F O R E W O R D 

The final r e p o r t on t h e P h a s e III R e u s a b l e N u c l e a r Shut t le (RNS) 
s tudy w a s p r e p a r e d by t h e N o r t h A m e r i c a n Rockwe l l C o r p o r a t i o n t h r o u g h 
i ts Space Div i s ion for t h e N a t i o n a l A e r o n a u t i c s and Space A d n n i n i s t r a t i o n ' s 
G e o r g e C. M a r s h a l l S p a c e F l i g h t C e n t e r in a c c o r d a n c e wi th Append ix A 
of c o n t r a c t N A S 8 - 2 4 9 7 5 . The c o n t r a c t d i r e c t e d a s tudy of m i s s i o n r e q u i r e 
m e n t s , d e s i g n c o n c e p t s and def in i t ion , p e r f o r m a n c e , o p e r a t i o n s , f a c i l i t i e s , 
and d e v e l o p m e n t a c t i v i t i e s for t h e RNS wi th a s s o c i a t e d funding and s c h e d 
ul ing r e q u i r e m e n t s . 

Th i s r e p o r t is s u b m i t t e d in six v o l u m e s wi th V o l u m e II c o n s i s t i n g 
of t h r e e s e p a r a t e b o o k s : 

I. (SD 7 1 - 4 6 6 - 1 ) E x e c u t i v e S u m m a r y 
II. Concep t and F e a s i b i l i t y A n a l y s i s 

A . ^ ( S D 7 1 - 4 6 6 - 2 ) S y s t e m E v a l u a t i o n and C a p a b i l i t y 
B . ^ (SD 7 1 - 4 6 6 - 3 ) B a s e l i n e S y s t e m Def in i t ion 
C . ' ' (SD 7 1 - 4 6 6 - 4 ) S y s t e m E n g i n e e r i n g D o c u m e n t a t i o n 

III. ^^ (SD 7 1 - 4 6 6 - 5 ) P r o g r a m Suppor t R e q u i r e m e n t s 
IV. (SD 7 1 - 4 6 6 - 6 ) Cos t Data ( L i m i t e d D i s t r i b u t i o n ) ^ J < f < / i A ' ^ * / 7 » ' j 
N.^ (SD 7 1 - 4 6 6 - 7 ) S c h e d u l e s , M i l e s t o n e s , and N e t w o r k s 

VI. U^ (SD 7 1 - 4 6 6 - 8 ) Re l i ab i l i t y and Safety A n a l y s i s 

T h i s v o l u m e s u m m a r i z e s t h e i n f o r m a t i o n con ta ined in t h e o t h e r f ive 
v o l u m e s . 

• 1 1 1 -
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1 0 INTRODUCTION 

With the s u c c e s s f u l c o m p l e t i o n of the n u c l e a r r o c k e t engine t echno logy 
p r o g r a m , focus has shifted to the d e v e l o p m e n t of a r e u s a b l e fl ight engine of 
the 75, 000 pound t h r u s t NERVA sol id c o r e r e a c t o r c l a s s . Specif ic i m p u l s e 
IS t a r g e t e d at 825 s e c o n d s for a t e n - h o u r o p e r a t i n g l i f e t i m e . When coupled 
wi th a s u i t a b l e s t a g e , the o v e r a l l s y s t e m offers a t t r a c t i v e p e r f o r m a n c e due 
to the h igh p a y L o a d - t o - p r o p e i l a n t m a s s r a t i o . T h i s , m tu rn , t r a n s l a t e s 
into c o s t benef i t s in t r a n s p o r t i n g h e a v y p a y l o a d s in s p a c e s ince p r o p e l l a n t 
d e l i v e r y to o rb i t is the m a i o r cos t d r i v e r . In o r d e r to s y n t h e s i z e f ea s ib l e 
s t age d e s i g n c o n c e p t s and e x p l o r e the p o t e n t i a l of NERVA p r o p u l s i o n , 
NASA-MSFC in i t i a t ed n u c l e a r flight s y s t e m def in i t ion s t u d i e s ( P h a s e I) 
m July 1969 S y s t e m r e q u i r e m e n t s v e r e def ined for an e a r l y expendab le 
n u c l e a r v e h i c l e to be u s e d as a th i rd s t age of the S a t u r n V v. i th s u b s e q u e n t 
g rowth to an advanced conf igu ra t ion su i t ab l e for r e u s a b l e shu t t l e and 
m a n n e d p l a n e t a r y a p p l i c a t i o n s . 

Dur ing the l a t t e r p a r t of 1969, p r o g r a m a n a l y s e s v^ere conduc ted 
wi th in the NASA and by the P r e s i d e n t i a l Space T a s k Group (STG) to def ine 
an i n t e g r a t e d p r o g r a m p lan(s ) for ach iev ing d e s i r e d goa ls in the next two 
d e c a d e s of s p a c e e x p l o r a t i o n . T h e s e a n a l y s e s conc luded that nev , l o v -
c o s t t r a n s p o r t a t i o n s y s t e m s would be needed to c a r r y out any p r o g r e s s i v e 
s p a c e e x p l o r a t i o n p r o g r a m . One of the m a i o r new t r a n s p o r t a t i o n s y s t e m s 
ident i f ied m the NASA and STG i n t e g r a t e d p r o g r a m opt ions w a s a r e u s a b l e 
n u c l e a r shu t t l e (RNS) Th i s r e s u l t e d m the r e o r i e n t a t i o n of the P h a s e I 
effor t to c o n c e n t r a t e on (1) e s t a b l i s h i n g s y s t e m r e q u i r e m e n t s for a 
n u c l e a r shu t t l e , and (2) conduc t ing p r e l i m i n a r y f e a s i b i l i t y s t u d i e s on the 
v a r i e t y of c o n c e p t s p r e v i o u s l y iden t i f i ed . The r e s u l t i n g P h a s e II effort 
e m p h a s i z e d the evo lu t ion of bo th 33-foot d i a m e t e r and nnodular RNS c o n c e p t s . 
The 33-foot d i a m e t e r c o n c e p t s e m p l o y e d the I N T - 2 1 b o o s t e r as the l aunch 
v e h i c l e , and the m o d u l a r types w e r e d e s i g n e d c o m p a t i b l e wi th the s p a c e 
shu t t l e c a r g o bay of 15-foot d i a m e t e r by 60- foo t l eng th . 

NR-SD defined a 33-foot d i a m e t e r i n t e g r a l t ank dual ce l l c o n f i g u r a 
t ion du r ing the P h a s e II s tudy i n c o r p o r a t i n g a 10-foot d i a m e t e r c y l i n d r i c a l 
i nne r c e l l for r a d i a t i o n a t t e n u a t i o n and p r o p e l l a n t l oca t ion c o n t r o l . T h i s 
concep t w a s evolved m the s e a r c h for a tank g e o m e t r y with high 
v o l u m e t r i c ef f ic iency, m i n i m u m i m p a c t on the INT-21 employ ing an 
i n t e g r a l N E R V A - R N S tank l a u n c h con f igu ra t i on , h igh r a d i a t i o n a t t e n u a t i o n 
with m i n i m u m eng ine e x t e r n a l s h i e l d i n g , and i m p r o v e d p r o p e l l a n t 
m a n a g e m e n t u n d e r z e r o g r a v i t y . 
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R e s u l t s of t h e i n v e s t i g a t i o n s ind ica ted tha t t h e goa l s could b e m e t 
wi th the concep t ou t l ined . H o w e v e r , s u b s e q u e n t de t a i l ed r a d i a t i o n field 
m a p p i n g ha^ ind ica ted tha t pay load loca t ion is qu i t e s e n s i t i v e in such 
s t a g e d e s i g n s due to r a d i a t i o n s c a t t e r i n g f r o m p r o p e l l a n t v a p o r and tank 
b o t t o m . T h i s effect would p r o b a b l y be too r e s t r i c t i v e in d e s i g n i n g 
p r a c t i c a l nnanned p a y l o a d s for RNS t r a n s p o r t . T h e r e f o r e , a n u m b e r of 
a l t e r n a t e RNS c o n f i g u r a t i o n s and l aunch m o d e s w e r e ident i f ied for 
s u b s e q u e n t P h a s e III s tudy to extend the s e a r c h for m o r e a t t r a c t i v e d e s i g n s . 

A m o d u l a r con f igu ra t i on a l s o w a s deve loped du r ing P h a s e II, 
c o n s i s t i n g of eight 14. 2-foot d i a m e t e r m o d u l e s , 59. 5 feet in l eng th , 
a r r a n g e d in two t i e r s wi th a s i ng l e m o d u l e in t h e l o w e r t i e r , and t h e u p p e r 
t i e r m o d u l e s c l u s t e r e d s y m m e t r i c a l l y about a c o r e m o d u l e . T h i s 
con f igu ra t i on was defined to t h e d e g r e e n e c e s s a r y to p e r m i t p r e l i m i n a r y 
p e r f o r m a n c e and cos t c o m p a r i s o n s wi th t h e 33-foot d i a m e t e r c o u n t e r p a r t s . 
T h e r e s u l t s ( R e f e r e n c e 1) showed t h e nnodular d e s i g n to be qu i t e a t t r a c t i v e . 
H o w e v e r , an i n - d e p t h s tudy w a s r e q u i r e d to d e t e r m i n e t h e i m p a c t of t h e 
c o m p l e x d e s i g n on o r b i t a l a s s e m b l y o p e r a t i o n s and r e l i a b i l i t y . 

The p r i n c i p l e s of a r e p e t i t i v e l u n a r s h u t t l e c y c l e w e r e e s t a b l i s h e d 
and d e s i r a b l e m i s s i o n c h a r a c t e r i s t i c s ident i f ied . In add i t ion , t h e concep t 
of a n o - p l a n e - c h a n g e flight was deve loped , and t h e c y c l i c m i s s i o n windows 
w e r e ident i f ied . P e r f o r m a n c e c a p a b i l i t y w a s d e t e r m i n e d for l u n a r and 
s y n c h r o n o u s o rb i t shu t t l e m i s s i o n s , a s we l l a s for u n m a n n e d in jec t ion 

m i s s i o n s us ing a v a r i e t y of f l ight m o d e s for t h i s l a t t e r c a s e . T h e cooldown 
i m p u l s e c o n t r i b u t i o n s to e a r t h and l u n a r o rb i t d e p a r t u r e and a r r i v a l 
v e l o c i t y r e q u i r e m e n t s w e r e e s t a b l i s h e d in d e t a i l . The r e s u l t s conf i r rned 
t h e d i m i n i s h i n g e f f e c t i v e n e s s of cooldown i m p u l s e on e s c a p e t r a j e c t o r i e s 
and t h e n e a r - c o n s t a n t e f f ec t i venes s for o rb i t i n s e r t i o n on a s p i r a l pa th . 
In add i t i on , p r o p u l s i o n and t ank m o d u l e s i z e r e q u i r e m e n t s w e r e defined 
for s e v e r a l m a n n e d M a r s m i s s i o n c o n f i g u r a t i o n s and a m i s s i o n m o d e l 
d e v e l o p e d wh ich ident i f ied t h e v a r i o u s M a r s m i s s i o n even t s and t i n a e s . 
In g e n e r a l , r e s u l t s po in ted to t h e p o s s i b i l i t y of a u n i f o r m 300K LH m o d u l e . 

R e f e r e n c e 1. S D 7 0 - 1 1 7 - 3 , N u c l e a r F l i g h t S y s t e m Def in i t ion Study, P h a s e II 
F i n a l R e p o r t (Augus t 1970). 
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2. 0 PHASE III STUDY O B J E C T I V E S 

As m the p r e c e d i n g effort , t h e b a s i c goal of the P h a s e III s tudy w a s 
to def ine a t t r a c t i v e RNS c o n c e p t s c a p a b l e of p r o v i d i n g l o w - c o s t m a n n e d / 
u n m a n n e d s p a c e t r a n s p o r t a t i o n m the e a r l y 1980 ' s . P r o g r e s s i v e g r o w t h in 
a c o s t - e f f e c t i v e m a n n e r to m e e t l a t e r m a n n e d p l a n e t a r y a p p l i c a t i o n s 
r e p r e s e n t e d an i m p o r t a n t ad junc t r e q u i r e m e n t . A high d e g r e e of r e u s a 
b i l i ty combined with m a x i m u m p r a c t i c a l d e p e n d e n c e on c o m m o n a l i t y is 
e s s e n t i a l if RNS c o s t s a r e to be kept low. T h e m a j o r s p a c e p r o g r a m 
e l e m e n t s which wil l c o n t r i b u t e to the a t t a i n m e n t of t h i s goa l a r e shown m 
F i g u r e 1. 

COMMONALITY 
• HARDWARE 

• A L T . BOOSTER 

MSFN KSC SATURN V/APOLLO 

F i g u r e 1. Major C o n t r i b u t o r s to RNS P r o g r a m 

Within th is f r a m e w o r k , spec i f i c o b j e c t i v e s of the s tudy w e r e d i r e c t e d 
to (1) c o m p l e t e p r e l i m i n a r y t e c h n i c a l def in i t ion of a t t r a c t i v e RNS c o n c e p t s 
i nc lud ing d e s i g n c r i t e r i a , e n g i n e e r i n g d r a w i n g s , func t iona l s c h e m a t i c s , 
s y s t e m / s u b s y s t e m t r a d e - o f f s , and a s y s t e m spec i f i c a t i on ; (2) e s t a b l i s h 
i n t e g r a t e d p r o g r a m r e q u i r e m e n t s for the b a s e l i n e RNS inc lud ing d e v e l o p 
m e n t s c h e d u l e s and c o s t s a s w e l l a s r e q u i r e m e n t s / p l a n s for o p e r a t i o n s , 
r e l i a b i l i t y and fl ight sa fe ty , qua l i t y a s s u r a n c e , m a n u f a c t u r i n g , f a c i l i t i e s , 
t e s t , and s u p p o r t R&T; (3) conduc t s p e c i a l i z e d a n a l y t i c a l s t u d i e s in s u p p o r t 
of r e l a t e d NERVA p r o g r a m and o the r e f fo r t s ; (4) p r o v i d e RNS m i s s i o n and 
p e r f o r m a n c e da t a in a f o r m a t s u i t a b l e for g e n e r a l m i s s i o n p lann ing ; and 
(5) ident i fy p r e l i m i n a r y d e s i g n and o p e r a t i o n a l i n t e r f a c e s wi th o the r p l anned 
o r p r o p o s e d s p a c e s y s t e m e l e m e n t s (i. e. , s p a c e s h u t t l e , s p a c e tug, da t a 
r e l a y s a t e l l i t e s y s t e m , m a i n t e n a n c e e l e m e n t , p r o p e l l a n t depot , e t c . ). 

3 
SD 71-466-1 



Space Division 
North American Rockwell 

3. 0 R E L A T I O N S H I P TO OTHER NASA E F F O R T S 

The S p a c e T a s k G r o u p m its s tudy of fu tu re d i r e c t i o n s m s p a c e 
m a d e r e c o m m e n d a t i o n tha t th i s na t ion a c c e p t t h e b a s i c goal of a 
b a l a n c e d m a n n e d and u n m a n n e d s p a c e p r o g r a m conduc ted for t h e benefi t 
of a l l m a n k i n d . In o r d e r to a c h i e v e th i s goa l , it is n e c e s s a r y to deve lop 
new s y s t e m s and t echno logy for s p a c e o p e r a t i o n s wi th e m p h a s i s upon 
t h e c r i t i c a l f a c t o r s of: (1) c o m m o n a l i t y , (2) r e j ^ ' ab i l i t y , and (3) 
e c o m o n y t h r o u g h a p r o g r a m d i r e c t e d in i t i a l ly t o w a r d d e v e l o p m e n t of a 
new s p a c e t r a n s p o r t a t i o n capab i l i t y and s p a c e s t a t i on m o d u l e s which 
u t i l i z e t h i s c a p a b i l i t y . 

T h e t r a n s p o r t a t i o n c o m p l e x tha t wi l l m a k e p o s s i b l e m o r e e c o n o m i 
c a l o r b i t a l , l u n a r , and p l a n e t a r y o p e r a t i o n s e m p l o y s the s p a c e s hu t t l e 
in c o m b i n a t i o n with the r e u s a b l e n u c l e a r s hu t t l e (RNS) and t h e s p a c e tug . 
S p a c e s h u t t l e s wi l l p r o v i d e t h e m e a n s for a c h i e v i n g low cos t t r a n s p o r t a 
t ion to e a r t h o r b i t . T h e RNS is in tended to extend th i s c a p a b i l i t y to a l l 
s p a c e m i s s i o n s r e q u i r i n g d e l i v e r y of heavy p a y l o a d s . S p a c e tugs can be 
u sed in m a n y r o l e s including o p e r a t i o n a l suppor t of the RNS and a s an 
e x p e n d a b l e s t a g e on the RNS for deep s p a c e m i s s i o n s . 

F i g u r e 2 p o r t r a y s t h e p lanned and p o s t u l a t e d i n t e r f a c e s conce ived 
at t h i s t i m e for the RNS. The INT-21 l aunch v e h i c l e can be u t i l i z ed to 
l aunch t h e RNS s t a g e to e a r t h o rb i t ( s tudy ground ru le ) w h e r e a s t h e 
NERVA engine wi l l be d e l i v e r e d by t h e s p a c e s h u t t l e . Al l l o g i s t i c 
s u p p o r t f r o m e a r t h to low a l t i t ude o rb i t w i l l b e p r o v i d e d by t h e s p a c e 
s h u t t l e . 

T h e s p a c e s h u t t l e wi l l c a r r y p a s s e n g e r s and c a r g o d i r e c t l y to t h e 
RNS or to the s p a c e s t a t i o n m low e a r t h o r b i t . T h e r e t hey can be t r a n s 
f e r r e d by a s p a c e tug to t h e RNS for f l ights to o t h e r s t a t i o n s , e i t h e r m 
g e o s y n c h r o n o u s o rb i t o r m l u n a r p o l a r o r b i t . Space tugs wil l be 
l o c a t e d at each s t a t i on to c a r r y a u t o m a t e d s p a c e c r a f t into o the r o r b i t s , 
for f l ights to s e r v i c e and r e p a i r a u t o m a t e d e q u i p m e n t , and to r e t r i e v e 
e q u i p m e n t , f i lm and " h a r d c o p y " i n f o r m a t i o n for r e t u r n to e a r t h . The 
s p a c e tug at t h e o rb i t ing l u n a r s t a t i on (OLS) a l s o wil l be employed for 
t r a n s p o r t a t i o n to any point on t h e l u n a r s u r f a c e and back to t h e OLS or 
RNS. 
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SPACE TUG 
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F i g u r e 2, I n t e r f a c e s With O t h e r P r o g r a m E l e m e n t s 

G R O U N D 
. F U N C T I O N A L (5) 

E x p l o r a t i o n of the s o l a r sys tenn w i l l e m p l o y bo th u n m a n n e d and m a n n e d 
p a y l o a d s . Unmanned p a y l o a d s in the r a n g e of 100-200 , 000 pounds can be 
in jec ted by the RNS on low e n e r g y m i s s i o n s to M a r s and Venus wi th r e t u r n of 
the RNS to e a r t h o p e r a t i o n s o r b i t for r e u s e . Manned p l a n e t a r y m i s s i o n s 
p r o j e c t e d in l a te 1980 ' s and beyond would u t i l i z e m u l t i p l e RNS m o d u l e s to 
l aunch the v e h i c l e on a t r a j e c t o r y to M a r s . The RNS m o d u l e s u t i l i z ed for 
e a r t h d e p a r t u r e would be r e t u r n e d to low a l t i t ude o r b i t for r e u s e wh i l e the 
renna in ing m o d u l e p r o v i d e d the p r o p u l s i o n for p l a n e t a r y a r r i v a l , d e p a r t u r e , 
and e a r t h o r b i t r e t u r n . 

O t h e r s p a c e p r o g r a m e l e m e n t s wh ich m a y be u s e d wi th the RNS inc lude 
an o r b i t i n g p r o p e l l a n t depot to a c c o m m o d a t e p r o p e l l a n t loading d u r i n g h igh 
t ra f f ic r a t e s . In addi t ion , an o r b i t a l m a i n t e n a n c e e l e m e n t ( in i t ia l ly an 
e x t e n s i o n of the s p a c e shu t t l e c apab i l i t y ) would be u t i l i z ed to s e r v i c e the RNS 
inc lud ing r e p l a c e m e n t of e x p e n d a b l e s (e. g. , RCS and fuel c e l l s p r o p e l l a n t ) 
and r e s t o r i n g / r e p l a c i n g ma l func t i on ing o r l i m i t e d life c o m p o n e n t s . The 
Data R e l a y Sa t e l l i t e S y s t e m (DRSS) wi l l r e l a y c o m m u n i c a t i o n s (data and 
vo ice ) b e t w e e n RNS and o the r s p a c e p r o g r a m e l e m e n t s . 

Some of the i n t e r f a c i n g s y s t e m s d i s c u s s e d above m a y not c o m e into 
be ing w h e r e a s o t h e r new i n t e r f a c e s m a y be e s t a b l i s h e d as the 
s p a c e p r o g r a n a e v o l v e s . F o r e x a m p l e , p r o p e l l a n t t r a n s f e r d i r e c t l y f r o m the 
shu t t l e o r b i t e r i s p o s s i b l e e a r l y in the p r o g r a m w h e n RNS shu t t l e t ra f f ic 
r a t e s a r e low. H o w e v e r , w i th h i g h e r f r e q u e n c y l u n a r l o g i s t i c f l i gh t s , i t m a y 
be n e c e s s a r y to u t i l i z e an o r b i t i n g p r o p e l l a n t depot . The P h a s e III s tudy 
c o n s i d e r e d a l l the i n t e r f a c e s ou t l ined above tak ing in to c o n s i d e r a t i o n the 
ef fects of t ra f f ic d e n s i t y v a r i a t i o n s . 
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4. 0 M E T H O D O F A P P R O A C H AND P R I N C I P A L ASSUMPTIONS 

STUDY LOGIC 

The a p p r o a c h e m p l o y e d in the P h a s e III s tudy is shown in logic f o r m a t 
in F i g u r e 3. An i n t e g r a t e d d e s i g n def in i t ion i n v e s t i g a t i o n of a t t r a c t i v e RNS 
c o n c e p t s w a s p e r f o r m e d , i n c r e a s i n g the a n a l y t i c a l dep th wi th e a c h s u c c e e d i n g 
s t e p . D e s i g n c o n f i g u r a t i o n s w e r e b a s e l i n e d for the C l a s s I m i s s i o n s ( l u n a r / 
s y n c h r o n o u s o r b i t shu t t l e ) wi th the adjunct c a p a b i l i t y of sa t i s fy ing C l a s s II 
(unmanned p l a n e t a r y ) wi th evo lu t ion to C l a s s III (manned p l a n e t a r y ) in a 
m u l t i s t a g e a r r a n g e m e n t . A key t a sk w a s the d e t e r m i n a t i o n of r e q u i r e m e n t s 
wi th e m p h a s i s on o r b i t a l and m i s s i o n o p e r a t i o n s and i n t e r f a c e s wi th o the r 
p l a n n e d s y s t e m s . In addi t ion , e n g i n e - s t a g e and s t a g e - b o o s t e r i n t e r f a c e s , 
s u p p o r t i n g r e s e a r c h and technology r e q u i r e m e n t s , and c o s t t r a d e - o f f s 
i n t e r a c t e d to in f luence the shap ing and s c r e e n i n g of the evolv ing d e s i g n s . 
S y s t e m e n g i n e e r i n g s u p p o r t , n e c e s s a r y for t i m e l y p r o g r a m m a t i c d e c i s i o n s , 
w a s c o n d u c t e d in p a r a l l e l w i th the m a i n i n v e s t i g a t i o n s . 

I t e r a t i v e loops (omi t t ed in F i g u r e 3. for c l a r i t y ) , o c c u r r e d at 
n u m e r o u s p l a c e s in the a n a l y t i c a l effort to m a i n t a i n an i n t e g r a t e d d e s i g n 
evo lu t ion and p r o v i d e the da ta n e c e s s a r y for s u b s y s t e m eva lua t i on and 
s e l e c t i o n wi th N A S A - M S F C c o n c u r r e n c e . The t e c h n i c a l a n a l y s e s on e a c h 
c a n d i d a t e s y s t e m / s u b s y s t e m c o n c e n t r a t e d on the fol lowing a r e a s of p r i m e 
s i g n i f i c a n c e to o v e r a l l s y s t e m def in i t ion: 

1. Space o p e r a t i o n s inc lud ing l o g i s t i c s and i n t e r f a c e s wi th o t h e r 
s y s t e m s and f a c i l i t i e s ; o r b i t a l a s s e m b l y , a s s o c i a t e d r e n d e z v o u s , 
dock ing , and checkou t r e q u i r e m e n t s t h roughou t the m i s s i o n 
p r o f i l e ; m a i n t e n a n c e and m a i n t a i n a b i l i t y , and r e f u r b i s h m e n t 
n e c e s s a r y to s u p p o r t a r e u s a b l e s y s t e m ; engine o p e r a t i o n s and 
c o n t r o l r e q u i r e m e n t s taking in to c o n s i d e r a t i o n f a i lu re m o d e s and 
the i n t e r a c t i o n wi th gu idance and nav iga t ion s y s t e m s ; and 
r a d i a t i o n effects on e q u i p m e n t , f a c i l i t i e s , and s p a c e p e r s o n n e l . 

2. Ground and fl ight t e s t r e q u i r e m e n t s as in f luenced by d e v e l o p 
m e n t p l an a l t e r n a t i v e s and a m i n i m u m c o s t c r i t e r i o n . 

3. P r o p e l l a n t hand l ing and condi t ion ing inc lud ing t e m p e r a t u r e 
cond i t ion ing , l oca t i on c o n t r o l , and o r b i t a l fue l ing . 

4. N u c l e a r s a f e t y / r e l i a b i l i t y and qua l i ty a s s u r a n c e r e q u i r e m e n t s 
and s p e c i f i c a t i o n s taking in to c o n s i d e r a t i o n c o s t and d e s i g n 
c r i t e r i a i n t e r a c t i o n s as w e l l a s m i s s i o n dependen t f a c t o r s . 
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F i n a l l y , t h e P h a s e III effort conc luded with a r e c o m m e n d e d RNS 
d e s i g n concep t (p lus a t t r a c t i v e a l t e r n a t i v e s ) , d e s i g n c r i t e r i a , o p e r a t i o n a l 
r e q u i r e m e n t s , m i s s i o n d e s c r i p t i o n s and p e r f o r m a n c e c a p a b i l i t y , i n t e g r a t e d 
p r o g r a m p l a n s , d e t a i l c o s t e s t i m a t i o n s , a r e a s for c o s t a v o i d a n c e , p r o p o s e d 
c h a n g e s to NERVA r e q u i r e m e n t s , o t h e r p r o g r a m o p e r a t i o n a l i n t e r f a c e 
r e q u i r e m e n t s , and c r i t i c a l t e chno logy a c t i v i t i e s . 

ASSUMPTIONS 

T h e p r i n c i p a l g u i d e l i n e s and a s s u m p t i o n s u sed in t h e P h a s e III s tudy 
a r e a s fo l lows . 

1. RNS c o n c e p t s w e r e l i m i t e d to t h o s e c h a r a c t e r i z e d by a p r i m a r y 
33-foot d i a m e t e r p r o p e l l a n t t ank , but inc luding c o n f i g u r a t i o n s 
wi th an a t t a c h e d p r o p u l s i o n m o d u l e ( d e s i g n a t e d h y b r i d s ) c o n t a i n 
ing a s m a l l t ank and t h e NERVA eng ine . To ta l LH p r o p e l l a n t 
c a p a c i t y w a s b a s e l i n e d a t 300, 000 pounds , wi th 5% u l l a g e . 

2. Al l RNS d e s i g n s w e r e to employ 1974 t echno logy , be m a n - r a t e d 
by t h e t i m e of IOC ( in i t i a l o p e r a t i o n a l capab i l i t y ) in CY-1981 and 
have an o p e r a t i o n a l l i f e t i m e of 3 y e a r s wi th m a i n t e n a n c e . T a n k 
top i n t e g r a t e d r a d i a t i o n d o s e w a s l i m i t e d to 10 r e m p e r s h u t t l e 
round t r i p fl ight. 

3 . L a u n c h to o r b i t of the p r i m a r y RNS w a s by INT-21 with standard 
J - 2 e n g i n e s ( c u r r e n t l y d e s i g n a t e d a s t h e M S F C b a s e l i n e ) . The 
s p a c e s h u t t l e , wi th c a r g o bay d i m e n s i o n s of 15-foot d i a m e t e r by 
60-foot l e n g t h , w a s to d e l i v e r the p r o p u l s i o n m o d u l e (or NERVA 
a lone if r e q u i r e d ) , p r o p e l l a n t , p a y l o a d , and a l l other s u p p l i e s . 

4. The b a s e l i n e RNS e a r t h o p e r a t i o n s o r b i t w a s 260 n ini c i r c u l a r 
at an inc l ina t ion of 31. 5 d e g r e e s wi th s h u t t l e flight to a 60 n m i 
l u n a r p o l a r o r b i t c o n s i d e r e d a s t h e r e f e r e n c e m i s s i o n . 

5. M i n i m i z a t i o n of d e v e l o p m e n t and o p e r a t i o n a l c o s t s w a s of 
p a r a m o u n t i m p o r t a n c e a s long a s key m i s s i o n ob j ec t i ve s and 
p r o g r a m m i l e s t o n e s w e r e not j e o p a r d i z e d . E m p h a s i s w a s to be 
g iven to t h e m a x i m u m p r a c t i c a l u s e of ex i s t ing f a c i l i t i e s and 
e q u i p m e n t . 

6. P e r t i n e n t NERVA and o the r s tudy d o c u m e n t s w e r e spec i f ied in 
R e f e r e n c e 2. 

R e f e r e n c e 2. MSFC D o c u m e n t P D _ S A - P - 7 0 - 6 3 , G u i d e l i n e s and 
C o n s t r a i n t s D o c u m e n t for P h a s e A N u c l e a r Shut t l e S y s t e m s Defini t ion 
Study. R e v i s i o n No. 3 ( F e b r u a r y 1, 1971). 
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5. 0 BASIC DATA G E N E R A T E D AND SIGNIFICANT R E S U L T S 

The P h a s e III N u c l e a r Shu t t l e Def in i t ion s tudy v a s p e r f o r m e d wi th t h e 
p r i m e ob jec t ive of ident ifying the m o s t e c o n o m i c a l RNS p r o g r a m c o m i n e n -
s u r a t e wi th an o p e r a t i o n a l m o d e and eff icient s t a g e d e s i g n wh ich can evo lve 
f r o m e a r t h - l u n a r o r b i t shu t t l e m i s s i o n s to advanced m a n n e d M a r s m i s s i o n 
p r o p u l s i o n r o l e s . High comnnona l i ty v. ith ex i s t ing and p r o g r a m m e d s p a c e 
e l e m e n t s w a s g round ru l ed at t he o u t s e t to e x p l o r e p o t e n t i a l p e r f o r m a n c e 
and o p e r a t i o n a l b e n e f i t s . To th i s end, t h e s tudy w a s d i r e c t e d to p a r a m e t r i c 
and t radeof f a n a l y s e s c o v e r i n g m i s s i o n s / p e r f o r m a n c e ; g round and o r b i t a l 
o p e r a t i o n s inc luding def in i t ion of i n t e r f a c e s and s u b s y s t e m s r e q u i r e m e n t s ; 
l o g i s t i c s and m a i n t a i n a b i l i t y r e q u i r e m e n t s a s s o c i a t e d wi th r e u s a b i l i t y and 
long s p a c e l i fe ; s t a g e c o n c e p t s and s u b s y s t e m s d e s i g n ; m a n u f a c t u r i n g , t e s t 
ing and f a c i l i t i e s r e q u i r e m e n t s def in i t ion ; and r e c u r r i n g and n o n - r e c u r r i n g 
c o s t a n a l y s e s / t r a d e o f f s . 

S o m e of t h e s u p p o r t s y s t e m s , f a c i l i t i e s , and h a r d w a r e tha t a r e e x p e c t e d 
to i n t e r a c t wi th and c o n t r i b u t e to the RNS p r o g r a m a r e dep ic t ed m F i g u r e 1. 
F o r e x a m p l e , m a n y a s t r i o n i c equ ipmen t and s o f t w a r e i t e m s n e c e s s a r y for 
RNS a u t o n o m y in o r b i t - t o - o r b i t o p e r a t i o n s w e r e d e r i v e d f r o m the s p a c e s t a t i o n 
and o the r p r o g r a m m e d s p a c e e l e m e n t s . Add i t i ona l l y , g round c o n t r o l and b a c k u p 
c a p a b i l i t y to s u p p o r t o r b i t a l and m i s s i o n o p e r a t i o n s is p r o v i d e d by t h e ex i s t i ng 
m a n n e d s p a c e fl ight n e t w o r k . 

The s p a c e s h u t t l e d e r i v e d bene f i t s a r e both o p e r a t i o n a l and t e c h n o l o g i c a l 
m n a t u r e . The v e h i c l e s e r v e s a s t h e low c o s t l o g i s t i c s s y s t e m i o r d e l i v e r y of 
p r o p e l l a n t , pay load , r e p l a c e m e n t p a r t s , and s u p p o r t equ ipmen t such as a 
s h u t t l e - b a s e d m a i n t e n a n c e e l e m e n t . It is a l s o the s o u r c e of p r o g r a m m e d t e c h 
nology benef i t s in h igh p e r f o r m a n c e i n su l a t i on , r e a c t i o n c o n t r o l s u b s y s t e m , and 
fuel c e l l s for p r i m a r y e l e c t r i c a l p o w e r . 

T h e S a t u r n V /ApoUo wi l l supply f a c i l i t i e s , m a n u f a c t u r i n g t e c h n i q u e s , a s 
we l l a s too l ing and s u p p o r t e q u i p m e n t . T h e I N T - 2 1 , on the o the r hand , r e s u l t s 
m a c o n s t r a i n t due to i t s s t r e n g t h l i m i t a t i o n s . Th i s c o n s t r a i n t can be n e v e r 
t h e l e s s obvia ted by l aunch ing the RNS l e s s NERVA m an i nve r t ed p o s i t i o n . The 
s l e n d e r cone of t h e b a s e l i n e RNS t ank ( n e c e s s a r y t o r r a d i a t i o n a t t e n u a t i o n to 
the pay load) y i e lds a e r o d y n a m i c l o a d s wel l w i t h m the b o o s t e r c a p a b i l i t y . The 
n o n - i n t e g r a l l aunch r e q u i r e s i n - o r b i t m a t i n g and checkou t ol t h e engine or 
p r o p u l s i v e m o d u l e wi th t h e m a i n LH2 t ank , but it m u s t b e r e m e m b e r e d tha t 
NERVA d e s i g n c r i t e r i a speci fy eng ine and s t a g e a s s e m b l y and d i s a s s e m b l y c a p a 
b i l i ty in e a r t h o r b i t . To effect t h i s c a p a b i l i t y a n e u t e r docking s y s t e m d e s i o n e d 
ior t h e s p a c e s t a t i o n (and adap ted by o t h e r s p a c e e l e m e n t s ) h a s been employed 
on t h e RNS. 
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A n o t h e r s p a c e e l e m e n t wh ich h a s been bene f i c i a l in the RNS p r o g r a m 
def in i t ion is t he s p a c e tug . This s y s t e m can be employed to a s s i s t t h e RNS 
d u r i n g i ts r e t u r n f r o m t h e l una r m i s s i o n r e s u l t i n g in a d r a m a t i c i n c r e a s e in 
pay load c a p a b i l i t y . It a l s o can be employed for e n d - o f - l i f e r e m o v a l and 
d i s p o s a l of t h e NERVA as we l l a s in p e r f o r m i n g o the r o r b i t a l t a s k s such as 
d e l i v e r y to and r e m o v a l of pay loads f r o m the RNS. 

The a p p r o a c h out l ined a b o v e y i e ld s an e c o n o m i c a l RNS p r o g r a m which 
is fully i n t e g r a t e d wi th t h e c u r r e n t s p a c e t r a n s p o r t a t i o n s y s t e m . 

M I S S I O N / P E R F O R M A N C E ANALYSIS 

T r a d i t i o n a l and i m p o r t a n t o b j e c t i v e s of m i s s i o n and p e r f o r m a n c e a n a l y 
s i s a r e to t e s t d e s i g n a l t e r n a t i v e s on a payload b a s i s and to p r o v i d e a r e f e r 
e n c e m i s s i o n f r a m e w o r k for s u b s y s t e m s a n a l y s i s . R e s u l t s in t h e s e a r e a s a r e 
s e e n in t h e r e c o m m e n d e d RNS d e s i g n , w h e r e i n payload c a p a b i l i t y h a s been a 

m a j o r s e l e c t i o n f a c t o r , A b r o a d e r o b j e c t i v e , of p a r t i c u l a r i m p o r t a n c e in the 
p r e s e n t c l i m a t e of c o m p e t i n g s p a c e t r a n s p o r t a t i o n c o n c e p t s , h a s been to 
d e m o n s t r a t e the RNS to b e an eff icient t r a n s p o r t a t i o n s y s t e m e l e m e n t . M a x i 
m u m c o m p e t e n c y as an e a r t h - l u n a r i n t e r - o r b i t s h u t t l e h a s been the p r i m a r y 
c o n c e r n . The RNS defined by l una r m i s s i o n r e q u i r e m e n t s p r o v i d e s v e r y h igh 
p e r f o r m a n c e for g e o s y n c h r o n o u s o rb i t and t r a n s p l a n e t a r y in jec t ion m i s s i o n s 
and is a d a p t a b l e to t h e advanced m a n n e d M a r s m i s s i o n p r o p u l s i o n r o l e . Effor t 
t o w a r d m e e t i n g the b r o a d e r ob j ec t i ve h a s y ie lded a b e t t e r u n d e r s t a n d i n g of 
how m i s s i o n s should be conf igured for b e s t u s e of the p r o j e c t e d t r a n s p o r t a t i o n 
s y s t e m . A c o r o l l a r y r e s u l t is a m o r e r e a l i s t i c def in i t ion of m i s s i o n r e q u i r e 
m e n t s to be m e t by t h e RNS. 

P r o g r e s s in defining m i s s i o n r e q u i r e m e n t s h a s c o m e p r i m a r i l y t h r o u g h 
a n a l y s i s of t h e l u n a r s h u t t l e m i s s i o n and i ts p o w e r e d m a n e u v e r s . The demion-
s t r a t e d f e a s i b i l i t y of m i n i m u m e n e r g y c o p l a n a r m a n e u v e r s a s s u r e s tha t t h e r e 
is no p e n a l t y i n h e r e n t in the c o n c e p t of r e p e t i t i v e s hu t t l e f l ights b e t w e e n 
e s t a b l i s h e d t e r m i n a l o r b i t s at e a r t h and m o o n . F i g u r e 4 p r e s e n t s a t y p i c a l 
p a t t e r n of f l ights following t h e a s s u m e d d e l i v e r y of an o rb i t i ng l una r s t a t i on 
(OLS) e a r l y in 1985 (payload v a l u e s do not r e f l e c t m a x i m u m outbound d e l i v e r y 
c a p a b i l i t y . T r a n s l u n a r in jec t ion o p p o r t u n i t i e s o c c u r a p p r o x i m a t e l y e v e r y 
n ine d a y s wi th a n e a r l y i d e n t i c a l , h igh pay load m i s s i o n r e p e a t i n g e v e r y s ix th 
o p p o r t u n i t y (54. 6 d a y s ) . The m i n i m u m e n e r g y r e p e a t a b l e m i s s i o n h a s been 
s e l e c t e d a s a b a s e l i n e for p e r f o r m a n c e eva lua t i on and r e f e r e n c e m i s s i o n de f i 
n i t ion . F i g u r e 5 c o m p a r e s pay load c a p a b i l i t y of four m i s s i o n m o d e l s c o n s i d e r e d 
and i n d i c a t e s a l una r d e l i v e r y pay load of 200, 000 pounds for t h e final b a s e l i n e 
RNS, far h i g h e r tha^r'orTgTnaTry' 'conternplated for a 300, 000 pound LH2 c a p a c i t y 
s t a e e . '*"" 

« » 
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c 3 ^ Dec 
AREF ° ^ D E G 

"̂  A PLLSE 
LGI & TEI 

^LS PE I5IT • 

N O OLS 

220 26 

ARTK J PARTI f'E DA1<' J ^ 

F i g u r e 4 . L u n a r Shut t le R e v i s i t M i s s i o n P a y l o a d 
LUNAR MISSION TRIP TIMES 

HR) 

TL TE 

MIN ENERGY 108 10 

NR NOMINAL 92 83 
NASA GUIDELINE 108 72 
LUNAR ORBIT ABORT 108 72 

SYNC ORBIT MISSION TS TLE 
8.5 8.5 

PLA^ CHANGES 
(DEG) 

LOI TEI 

0 
22 
30 
90 

SA 
29.1 

0 

30 
0 

LA 
2.4 

LB SHIELDING INCLUDED 

OUTBOUND PAYLOAD (1000 LB) 

F i g u r e 5 . RNS Shut t le P a y l o a d Capab i l i t y 

A d r a m a U c i n c r e a s e m pay load c a p a b i l i t y fol lows when a s p a c e tug is 
u sed to assi j t^th"^ ' l rg | iarn of t h e R N S a t t h e end of a l u n a r m i s s i o n . By r e f u e l -
ing t h e RNS in e l l i p t i c a l o r b i t , ' t h e tug p e r m i t s an "SO p 'e rcent i n c r e a s e in 
m a x i m u m l u n a r pay load d e l i v e r y . If t h e tug s i m p l y r e t r i e v e s the RNS, us ing 
tug p r o p u l s i o n only, a 50 p e r c e n t gain is s t i l l p o s s i b l e . F i g u r e 6 i l l u s t r a t e s 
the gain in t e r m s of p r o p e l l a n t q u a n t i t y (RNS and tug) p e r pound of d e l i v e r e d 
pay load . M o r e i m p o r t a n t than t h e i n c r e a s e in t h e a l r e a d y l a r g e payload c a p a 
b i l i ty is t he ind ica t ion tha t an RNS s ized for m o d e r a t e m i s s i o n r e q u i r e m e n t s 
could o c c a s i o n a l l y e m p l o y an a l t e r n a t e flight m o d e for hand l ing m u c h l a r g e r 
p a y l o a d s o r for e m e r g e n c y n o n - o p t i m u m f l igh t s . 

A l t e r n a t i v e s to t h e 300, 000 pound LH2 c a p a c i t y a l s o w e r e c o n s i d e r e d f r o m 
t h e v iewpoin t of p a y l o a d - t o - g r o s s we igh t r a t i o . Whi le a l a r g e r s t a g e is i n h e r 
ent ly m o r e eff ic ient , it canno t m a t c h t h e tug a s s i s t a n c e m o d e s . T h e dot ted 
b a r s in F i g u r e 6 r e p r e s e n t an RNS a l o n e s ca l ed up to p r o v i d e t h e s a m e payload 
a s t h e c o m b i n a t i o n of 300, 000 pound c a p a c i t y RNS and tug . 
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Manned m i s s i o n s to g e o s y n c h r o n o u s o rb i t , a l though not s tudied to the 
ex ten t tha t l u n a r m i s s i o n s h a v e b e e n , p r o m i s e u l tmna te ly to c r e a t e add i t i ona l 
d e m a n d for s h u t t l e v e h i c l e f l igh t s . R e q u i r e m e n t s i m p o s e d on the RNS do not 
d i f fer s u b s t a n t i a l l y f r o m t h o s e of t h e l u n a r m i s s i o n excep t m r e g a r d to m i s s 
ion p h a s e d u r a t i o n s , wh ich a r e m u c h s h o r t e r . A s p a c e s t a t i on m o d u l e of 
ove r 160, 000 pounds could be d e l i v e r e d by the b a s e l i n e RNS on an u n m a n n e d 
fl ight (with no e x t e r n a l s h i e l d i n g ) . 

RATIO TOTAL 
PROPELLANT 
TO OUTBOUND 

PAYLOAD 
Wp lWpL 

2 5 

2 0 

1 5 

1 0 

0 5 

• POTENTIAL BENEFITS 
LARGER PAYLOADS 

LOWER Wp;Wp|_ 

MISSION FLEXIBILITY 

• R N S ALONE SIZED FOR EQUIVALENT PAYLOAD 

=J-388K RNS I 1 

TUG 
PROPELLANT 

11000 LBI 

20 

r—1 

50 80 

300K RNS BASELINE TUG RETRIEVER TUG REFUELER 

F i g u r e 6. RNS and R N S / T u g - A s s i s t 
P e r f o r m a n c e E f f e c t i v e n e s s 

NJECTION iJV (lOOO FPS) 

F i g u r e 7. T r a n s p l a n e t a r y In jec t ion 
Capab i l i t y 

As an in jec t ion s t a g e for u n m a n n e d p l a n e t a r y m i s s i o n s , the RNS can 
funct ion e f fec t ive ly m a v a r i e t y of f l ight m o d e s a s shown m F i g u r e 7. F o r 
low e n e r g y m i s s i o n s to M a r s and V e n u s , t he RNS offers 100-200 , 000 pound 
pay load c a p a b i l i t y when u s e d a l o n e and r e t u r n e d to the e a r t h o p e r a t i o n s o r b i t . 
Expend ing t h e RNS on an in jec t ion f l ight , a t t he end of i ts u se fu l l i fe , p u s h e s 
i t s c a p a b i l i t y up to t h e e n e r g y l e v e l of ou t e r p l ane t m i s s i o n s and beyond . 
G r e a t e r i m p o r t a n c e , h o w e v e r , was g iven to ex tending the e n e r g y r a n g e as 
a r e u s a b l e in jec t ion s t a g e by coupl ing wi th a h igh p e r f o r m a n c e c h e m i c a l 
e x p e n d a b l e s t a g e . The s i m p l e s t flight m o d e , a s i ng l e con t inuous boos t f r o m 
c i r c u l a r o rb i t , p r o v i d e s c a p a b i l i t y beyond 3 0 , 0 0 0 fps. The l a r g e ve loc i ty 
l o s s on such a fl ight can be s ign i f i can t ly r e d u c e d by t h e m u l t i - o r b i t in jec t ion 
t e c h n i q u e wi th a 1500 to 2000 fps gain m in jec t ion v e l o c i t y a s shown m t h e 
f i g u r e . S e l f - r e t u r n to a 260 n m i c i r c u l a r o r b i t following payload in jec t ion 
s e r i o u s l y r e d u c e s the m i s s i o n ve loc i ty l eve l the RNS can r e a c h . H o w e v e r , 
t h e add i t ion of e x p e n d a b l e u p p e r s t a g e s , typif ied by C e n t a u r and s p a c e tug , 
b r i n g fas t Grand T o u r and ou t e r p l ane t d i r e c t f l ights w e l l wi th in r e a c h . 
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In the a r e a of m a n n e d M a r s m i s s i o n s , t h e r e is a cont inuing c o n c e r n 
to c o r r e l a t e l u n a r shu t t l e con f igu ra t i ons and s iz ing with p l a n e t a r y 
p r o p u l s i o n r e q u i r e m e n t s , to a s s e s s advanced s u b s y s t e m s r e q u i r e m e n t s , 
and to e x p l o r e the i n t e r a c t i o n of p l a n e t a r y m i s s i o n d e s i g n with p r o p u l s i o n 
r e q u i r e m e n t s . The P h a s e III s tudy a d d r e s s e d t h e s e p r o b l e m s in a l i m i t e d 
way by s iz ing 3 3 - f o o t - d i a m e t e r m o d u l e s in t h r e e c o n f i g u r a t i o n s and for two 
c o n t r a s t i n g m i s s i o n m o d e l s (J^9.86__oppo s it ion and 199 0 c o n j u no t ion) . One of 
the chief s u b s y s t e m s a l t e r n a t i v e s - high p e r f o r m a n c e in su la t ion ( H P I ) / 
boiloff rel iqjuefact ion - was e x p l o r e d , as was the effect of tug a s s i s t a n c e 
for RNS r e t r i e v a l . 

The t r e n d s o b s e r v e d in in i t i a l m a s s r e q u i r e m e n t s ar- i not u n e x p e c t e d . 
R e l iquefac t ion a p p e a r s to be m o d e r a t e l y a t t r a c t i v e , t a n d e m d e p a r t u r e 
s t a g e s exce l o v e r p a r a l l e l s t a g e s due to t h e benefi ts of m u l t i - o r b i t 
in jec t ion , and tug re fue l ing of r e t u r n i n g s t a g e s is d e s i r a b l e up to t h e l i m i t 
of tug u t i l i z a t i o n ( e s c a p e ve loc i t y ) . F i g u r e 8 i l l u s t r a t e s s i r i n g of p r o p u l 
s ion and p r o p e l l a n t m o d u l e s for a 1986jDutbound Venus swingby (OVS) 
m i s s i o n when H P I without r e l i q u e f a c t i o n is u s e d for the i n t e r p l a n e t a r y 
n u c l e a r s t a g e (INS). Modes t t a i l o r i n g of con f igu ra t i on and m i s s i o n 
a s s u m p t i o n s r e s u l t s in m o d u l e s r e a d i l y c o m p a t i b l e wi th t h e b a s e l i n e RNS 
s i z e . 

PROPULSION 
MODULE 
CONFIGURATIONS 

INS INS/DNS 

PL 

T 
I I 

A 

T 

DNS-2 

DNS 

B 

A 

I 

/ 

PL 

b 

A 

DNS 

\ 

I 

B 

A 

I 

(2) 
C 

> 

PL 

(3) 
C 

(1) 
A 

> (2) 
C 

& 

DNS-1 
ALL MODULES RETURN 

ALL MODULES RETURN 

(1) RETURNS TO 
EARTH ORBIT 

(2) JEHISONED 
DURING TMI 

(3) JEHISONED IN 
MARS ORBIT 

LH2 CAPACITIES ( I O H B ) 

DEPARTURE STAGE (DNS) 549(A+B) 
INTERPLANETARY STAGE (INS) 602(A+B) 

INITIAL MASS IN 
EARTH ORBIT (103 LB) 2,363 

639(A+B) 
602(A+B) 

2,562 

297 EACH 
(A, C, C, C) 

1,666 

F i g u r e 8. Stage Sizing for 1986 OVS Manned Mars 
M i s s i o n 
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E a c h type of m i s s i o n p r o p o s e d for the RNS of fe rs the p o s s i b i l i t y of 
r e d u c e d t h e o r e t i c a l v e l o c i t y r e q u i r e m e n t s wi th m i i l t i - i m p u l s e m a n e u v e r s . 
H o w e v e r , t he d e g r a d a t i o n in NERVA p e r f o r m a n c e a s s o c i a t e d with s h o r t e r 
b u r n s ( r e d u c e d spec i f i c i m p u l s e and i n c r e a s e d t o t a l cooldown l o s s ) h a s 
c a u s e d c o n c e r n tha t the RNS cannot r e a l i z e i ts full t h e o r e t i c a l p o t e n t i a l . 
R e s u l t s t h r o u g h o u t t h i s s tudy h a v e n e v e r t h e l e s s shown tha t m u l t i - i m p u l s e 
m a n e u v e r s can s u b s t a n t i a l l y i n c r e a s e pay load ; tha t i s , NERVA p e r f o r m a n c e 
d e g r a d a t i o n is g e n e r a l l y outweighed by eff icient m i s s i o n d e s i g n . In p o w e r 
ing a typica j jA^nax^jhut t le m i s sion,.^NERVA._ajulu^Y^J-.9JLo^gJ,aU, ef fect ive 
SBeci.fi-S i r n p u l s e - a U J ^ i g ^ c o n d s when s.taxtup^_.,shutdown, and cooldown 
p h a s e s ar^e^c^counted for. ' Th.is r e p r e s e n t s a s i x - p e r c e n t Tos ' s ' l rom t h e 
n o m i n a l s t e a d y - s t a t e va lue of 8Z5 s e c o n d s , a l o s s c o m p a r a b l e to tha t suf fered 
by L O X / L H 2 . pi 'PPuls ion s y s t e m s when t h e effects of ch i l ldown, l ine l o s s , and 
i n h e r e n t l y g r e a t e r boiloff a r e inc luded , t A c c u r a t e mode l i ng of NERVA p e r 
f o r m a n c e has been included m a l l t he quoted pay load e v a l u a t i o n s . 

^ n o t h e r type_oX^p..r.f•Lr.man.c.e-J^jaiialt:y, of p o t e n t i a l l y s e r i o u s p r o p o r 
t i o n s , invo lves the ef f ic iency of s p a c e s hu t t l e o p e r a t i o n s in s u p p o r t of RNS 
f l igh t s . S ince t h e l a r g e s t c o m p o n e n t of RNS e a r t h o r b i t l o g i s t i c s r e q u i r e -

• m e n t s c o n s i s t s of low d e n s i t y LH2, the cargQ,._vQlume of the s hu t t l e (15 foot 
' d i a m e t e r x 60 foot length) is a l im i t i ng f a c t o r . With e a r l y s h u t t l e d e s i g n s 
t h i s w a s not the c a s e , but s u b s e q u e n t t r e n d s point to an u l t i m a t e s hu t t l e 

/pay load c a p a b i l i t y c o n s i d e r a b l y in e x c e s s of t h e 40, OOP plus pounds of LH7 
which can be accommioda ted in t h e ground ru l ed c a r g o bay . S e v e r a l w a y s ' l o 
a m e l i o r a t e th i s p r o b l e m awai t f u r t h e r i n v e s t i g a t i o n ( inc luding u s e of an a l t e r 
n a t e o p e r a t i n g o r b i t and t r a n s p o r t of m i x e d c a r g o wi th a h i g h e r a v e r a g e d e n s i t y 
t han LH2) ( F i g u r e 9 ) . 

• EARTH OPERATIONS ORBIT OPTIMIZED FOR 
54.64 DAY CYCLE WITH 1 >28.5 DEC, h > 100 N Ml 

• SHUTTLE PERFORMANCE DESIGN POINT FROM 
180 DAY REVIEW 

VOLUME LIMITED 

h = 292NMI, I = 28.5 DEC 

RANGE DUE TO 
ORBIT DECAY 
ASSUMPTIONS h, I VARYING 

h = 190NMI, 1 = 36.8 DEO 

h - 100 N Ml, I-43.5DEG 

/ 

6 7 8 9 

EFFECTIVE PAYLOAD DENSITY (LB/FT^ 

10 11 

F i g u r e 9. Effec t of P a y l o a d D e n s i t y on Space Shut t le U t i l i z a t i on 
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T h e m a g n i t u d e of the pena l ty which can r e s u l t f r o m a c a r g o volumie 
l i m i t m a y b e judged f r o m a r e c e n t s p a c e s hu t t l e d e s i g n point (47, 000 pounds 
of payload d e l i v e r e d to 270 n m i , 55 d e g r e e s ) . The n u m b e r of s p a c e 
s h u t t l e f l ights r e q u i r e d to s u p p o r t one RNS l u n a r m i s s i o n i n c r e a s e s 25 to 
40 p e r c e n t , b e c a u s e of the v o l u m e linnit, ove r the u n c o n s t r a i n e d c a s e . 
The r a n g e noted r e f l e c t s u n c e r t a i n t i e s in the c o n s t r a i n t s on e a r t h o r b i t 
s e l e c t i o n , p r i m a r i l y t h o s e a s s o c i a t e d with o r b i t decay b e t w e e n m i s s i o n s . 

O P E R A T I O N S R E Q U I R E M E N T S 

The o p e r a t i o n s a n a l y s i s for the RNS c o v e r e d a c t i v i t i e s f r o m p r e -
l aunch to e n d - o f - l i f e d i s p o s a l , ( F i g u r e 10) keeping in mind the b a s i c 
ob j ec t ive of p r o v i d i n g a r e u s a b l e and e c o n o m i c a l t r a n s p o r t a t i o n s y s t e m . 
Al though t h e de t a i l ed a n a l y s i s c o n s i d e r e d l aunch of the RNS both in 
i n t e g r a l ( s t a g e and NERVA m a t e d ) and n o n - i n t e g r a l ( s t a g e and NERVA 
launched s e p a r a t e l y ) c o n f i g u r a t i o n s , e m p h a s i s is p l aced in t h i s s u m m a r y 
on t h e o p e r a t i o n s a s s o c i a t e d wi th t h e l a t t e r a l t e r n a t i v e . 

F i g u r e 10. M i s s i o n O p e r a t i o n s 
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T h e p r e l a u n c h o p e r a t i o n s c o n s i d e r e d a c t i v i t i e s beg inn ing with t r a n s 
p o r t a t i o n of t h e RNS f r o m the t a b r i c a t i o n s i t e to KSC w h e r e o p e r a t i o n s in the 
V e r t i c a l A s s e m b l y Bui ld ing (VAB) a r e conduc ted for l aunch to o r b i t . T r a n s 
p o r t a t i o n to KSC wi l l be a c c o m p l i s h e d in the s a m e m a n n e r a s t h e S-II wi th 
only m i n o r m o d i f i c a t i o n s r e q u i r e d to t h e t r a n s p o r t e r to a c c o m m o d a t e t h e 
i n c r e a s e d t ank l eng th b e t w e e n s u p p o r t r i n g s . In i t i a l i n v e s t i g a t i o n s show 
tha t v e r t i c a l m a t i n g of the RNS tank and NERVA m the h igh bay a i s l e (for 
i n t e r f a c e check) is t h e m o s t a t t r a c t i v e b e c a u s e of m a t i n g s i m p l i c i t y , as we l l 
a s m i n i m i z i n g t h e GSE and fac i l i ty mod i f i ca t i on r e q u i r e m e n t s . Fo l lowing t a n k / 
NERVA m a t i n g , t h e s t a g e wi l l be sub jec ted to a l eak and funct ional v e r i f i c a t i o n 
t e s t . T h i s w i l l be followed by an o v e r a l l s y s t e m t e s t p e r f o r m e d by t h e onboard 
checkou t (OBCO) equ ipmen t u n d e r c o n t r o l of t h e s t a g e c o m p u t e r to ve r i fy 
t o t a l s y s t e m o p e r a t i o n a l c a p a b i l i t y . Upon c o m p l e t i o n of t h i s a c t i v i t y , t he RNS 
wi l l h a v e d e m o n s t r a t e d r e a d i n e s s l o r t h e m a t i n g o p e r a t i o n wi th the I N T - 2 1 which 
wi l l be a c c o m p l i s h e d a f te r t he RNS tank and NERVA a r e d e m a t e d . Whi le t h e 
RNS t ank is be ing m a t e d wi th the I N T - 2 1 , t h e NERVA wi l l be p r e p a r e d for 
load ing a b o a r d t h e s p a c e s h u t t l e o r b i t e r for l aunch to e a r t h o r b i t . Major 
checkou t o p e r a t i o n s a s s o c i a t e d wi th l aunch of both t h e RNS t a n k / I N T - 2 1 and 
N E R V A / s p a c e s h u t t l e h a v e been ident if ied in t h e s tudy . 

O r b i t a l o p e r a t i o n s a r e in i t i a t ed at t h e t i m e t h e RNS tank is i n s e r t e d 
into t h e o p e r a t i o n s o rb i t and t e r m i n a t e d w h e n the v e h i c l e d e p a r t s on i ts 
s h u t t l e m i s s i o n . P o s t - b o o s t o p e r a t i o n s , p r i o r to m a t i n g NERVA to the RNS 
t ank , i nc lude r e m o v a l of p r o t e c t i v e s h r o u d ( s ) not j e t t i s o n e d d u r i n g boos t and 
r e m o v a l o r sa fmg of r a n g e sa fe ty d e v i c e s . L a u n c h of t h e NERVA engine is 
m a d e wi th p o i s o n w i r e s i n s t a l l ed and c o n t r o l d r u m s locked m the " s c r a m " 
p o s i t i o n , m keep ing wi th sa fe ty c o n s i d e r a t i o n s . The p r i m a r y funct ions of 
t h e p o i s o n w i r e s is to p r e v e n t the r e a c t o r f r o m going c r i t i c a l if it should b e 
i m m e r s e d in w a t e r o r l iquid h y d r o g e n . When the s h u t t l e a c h i e v e s o r b i t , t h e 
p o i s o n w i r e s m a y be r e m o v e d f r o m the r e a c t o r by u s e of a r e t r a c t a b l e b o o m 
w h i c h IS p a r t of t h e eng ine d e l i v e r y s y s t e m . 

In o r d e r to f a c i l i t a t e t h e o r b i t a l a s s e m b l y of NERVA to t h e t ank , a 
n e u t e r docking s y s t e m is p r o v i d e d w h e r e i n t h e a c t i v e a s s e m b l y is moun ted on 
t h e t ank and the p a s s i v e a s s e m b l y on t h e N E R V A . Dur ing t h e docking o p e r a 
t i o n s , t h e RNS t ank a s s u m e s an a t t i t u d e - h o l d cond i t ion w h i l e t h e s hu t t l e 
o r b i t e r w i th NERVA deployed p e r f o r m s t h e r e n d e z v o u s and docking a s i n d i 
ca ted in F i g u r e 11. F o l l o w i n g e n g a g e m e n t of t h e docking s y s t e m and v e r i f i c a 
t ion of lockup of NERVA to RNS t ank , t h e eng ine d e l i v e r y s y s t e m r e l e a s e s 
NERVA and is r e t u r n e d to the s towed p o s i t i o n in t h e s h u t t l e . Hav ing ach i eved 
e n g a g e m e n t and lockup , t h e a c t i v e docking r i n g on t h e RNS wi l l b e r e t r a c t e d 
to locked p o s i t i o n . F lu id and e l e c t r i c a l c o n n e c t i o n s t hen w i l l b e m a d e t h r o u g h 
r e t r a c t a b l e i n t e r f a c e p l a t e s . Upon c o m p l e t i o n of t h i s o p e r a t i o n , a func t iona l 
checkou t is p e r f o r m e d on t h e t o t a l s y s t e m employ ing OBCO to ve r i fy s y s t e m 
o p e r a t i o n a l r e a d i n e s s . 

« » 
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NEUTER DOCKING 

INSERTED POSITION) 
POISON WIRE 
REMOVAL BOOM 

RETRACTED 
POSITION) 

SHUn i£ 
ORBITER 

F i g u r e 11. P o i s o n W i r e R e m o v a l and E n g i n e Mat ing Concep t 

In add i t i on to ve r i fy ing s y s t e m o p e r a t i o n a l r e a d i n e s s , r e q u i r e m e n t s and 
c r i t e r i a i nc lude d e t e c t i o n of m a l f u n c t i o n s and i s o l a t i o n of t h e faul t s m fl ight 
r e p l a c e a b l e unit (FRU) c o m m e n s u r a t e wi th t h e o r b i t a l m a i n t e n a n c e c o n c e p t . 
Malfunct ion d e t e c t i o n is not r e s t r i c t e d only to checkou t ot t h e RNS m o p e r a 
t ions o rb i t but is m a i n t a i n e d a c t i v e t h r o u g h o u t t h e e n t i r e m i s s i o n . In o r d e r 
to a c c o m p l i s h t h i s , con t i nua l m o n i t o r i n g of s u b s y s t e m s t a t u s wi l l be p e r f o r m e d 
t h r o u g h o u t t h e m i s s i o n by s a m p l i n g s u b s y s t e m s e n s o r ou tpu t s . S y s t e m s 
hav ing r e d u n d a n t s w i t c h a b l e c o m p o n e n t s wi l l u t i l i z e t h e m a l f u n c t i o n d e t e c t 
ion c a p a b i l i t y to i n i t i a t e the swi tch ing f r o m t h e ma l func t ion ing uni t to t h e 
r e d u n d a n t un i t . Al though not g round r u l e d for t h e s tudy , the d e s i g n goal for 
e l e c t r i c a l and e l e c t r o n i c s u b s y s t e m s is fai l o p e r a t i o n a l / f a i l o p e r a t i o n a l / f a i l 
safe ( F O / F O / F S ) c a p a b i l i t y . T h e m e c h a n i c a l s u b s y s t e m s , on t h e o the r hand , 
a r e b a s e d on a fail o p e r a t i o n a l / f a i l sa fe ( F O / F S ) cond i t ion . F a i l u r e p r e d i c t 
ion is p o s t u l a t e d at t h i s t i m e to be a c h i e v e d t h r o u g h s u p p o r t f r o m ground t a c i l i -
t i e s to l i m i t t h e s i z e of the o n - b o a r d d ig i t a l c o m p u t e r m e m o r y un i t s and r e d u c e 
t h e a m o u n t of i n f o r m a t i o n m a n a g e m e n t s y s t e m s (IMS) c o m p u t e r p r o g r a m m i n g 
r e q u i r e d . The RNS IMS w h i c h i n t e g r a t e s the checkou t and c o m m u n i c a t i o n s 
funct ion wi l l be t h e focal point for c o n t r o l l i n g da ta t o r checkou t and l a i l u r e 
p r e d i c t i o n . A l s o , in o r d e r to k e e p the p r o g r a m m i n g ot checkou t r o u t i n e s 
a s s i m p l e a s p o s s i b l e , r e c o g n i z i n g the p r o g r a m m i n g funct ion is an i n t e g r a l 
and m a j o r f a c t o r of a u t o m a t i c c h e c k o u t , q u a l i t a t i v e checkou t ( i . e. , GO, N O -
GO) w i l l b e p e r f o r m e d by t h e OBCO e q u i p m e n t . li^ d u r i n g c h e c k o u t , a s u b 
s y s t e m is s u s p e c t e d of be ing m a r g i n a l ( o p e r a t i n g n e a r the p r e d e t e r m i n e d 
GO, N O - G O l i m i t s ) , a q u a n t i t a t i v e c h e c k ot t h e s u b s y s t e m wi l l be m a d e m 
con junc t ion wi th t h e m a i n t e n a n c e e l e m e n t equ ipmen t wh ich has c a p a b i l i t y t o r 
d i s p l a y and r e c o r d i n g of the exac t v a l u e s ot p a r a m e t e r s be ing i n t e r r o g a t e d . 
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M a i n t e n a n c e and r e p a i r w o r k to be p e r f o r m e d on t h e s t a g e to a c h i e v e 
t h e t h r e e - y e a r s - i n - s p a c e l ife w i l l be a c c o m p l i s h e d in the RNS o p e r a t i o n s 
o r b i t . T h e m a i n t e n a n c e / r e f u r b i s h m e n t checkou t c y c l e shown in F i g u r e 12 
c o m b i n e s a l o g i c - f u n c t i o n a l flow a p p r o a c h for t h e c u r r e n t RNS d e s i g n m a i n 
t e n a n c e and r e p a i r (M&R) a p p r o a c h , and checkou t ph i lo sophy . The intent of 
t h e c h a r t is t o d i s p l a y t h e c o n c e p t to be u s e d d u r i n g v e h i c l e t u r n a r o u n d M&R 
o p e r a t i o n s . Th i s c o n c e p t is one wh ich wi l l en t a i l t h e p e r f o r m a n c e of c o r r e c t 
i v e - t y p e ( u n s c h e d u l e d ) M&R func t ions c o m p l e m e n t e d wi th m i n i m u m p r e v e n t a t i v e -
t y p e ( s c h e d u l e d ) M&R a c t i v i t i e s . T h e b a s i c ph i l o sophy u sed s t a t e s tha t "If t h e 
s y s t e m h a s j u s t o p e r a t e d on t h e p r e v i o u s fl ight a c c o r d i n g to spec i f i c a t i on 
wi thou t d i s c r e p a n c i e s , then l e a v e it a l o n e . " If a l l v e h i c l e p r i m a r y s y s t e m s 
o p e r a t e d p r o p e r l y , t hen t h e M&R s u b s y s t e m checkou t c y c l e wi l l ve r i fy the 
s e c o n d a r y or b a c k u p s y s t e m s . 
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F i g u r e 12. M a i n t e n a n c e / R e f u r b i s h m e n t / C h e c k o u t Cvcl t 

V e h i c l e s t a t u s da t a output f r o m O B C O , inc luding v i s u a l i n spec t i on 
r e p o r t s and p l anned M&R r e q u i r e m e n t s , f o r m t h e b a s i s for e s t a b l i s h i n g 
s y s t e m r e a d i n e s s . Wi th t h e s y s t e m d e e m e d r e a d y , s chedu l ed m a i n t e n a n c e 
is p e r f o r m e d in p l a c e or by c o m p o n e n t r e p l a c e m e n t , w i th t h e n e c e s s a r y t e s t 
ing p e r f o r m e d to a s c e r t a i n s y s t e m r e a d i n e s s . When t h e s y s t e m is not func 
t ion ing p r o p e r l y , u n s c h e d u l e d m a i n t e n a n c e is enac t ed by fault d e t e c t i o n / 
t r o u b l e s h o o t i n g m e t h o d s to d e t e r m i n e t h e p r o b l e m . A s the p r o b l e m is 
def ined , t h e a c t i o n c y c l e ( s a m e a s wi th s chedu l ed m a i n t e n a n c e ) is a c t i v a t e d 
w i th t h e n e c e s s a r y t e s t i n g p e r f o r m e d to e n s u r e s y s t e m r e a d i n e s s . 
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The two m a i n t e n a n c e a p p r o a c h e x t r e m e s of EVA or e l a b o r a t e s p a c e 
h a n g a r s w e r e r u l e d out d u r i n g the s tudy a s be ing too h a z a r d o u s or too c o s t l y 
for p e r f o r m i n g m a i n t e n a n c e o p e r a t i o n s on t h e RNS. H o w e v e r , it is a c c e p t e d 
tha t a r e m o t e m a n e u v e r i n g uni t ( such a s s p a c e tug) wi th m a n i p u l a t o r s ( t e l e -
o p e r a t o r s ) is r e q u i r e d to p e r f o r m m a i n t e n a n c e o p e r a t i o n s in the engine a r e a 
w h e r e r a d i a t i o n l e v e l s ex i s t w h i c h would be i n ju r ious to m a i n t e n a n c e p e r 
s o n n e l . 

U s e of a m a i n t e n a n c e e l e m e n t , wi th t h e c a p a b i l i t y of p rov id ing a s u i t 
a b l e e n v i r o n m e n t for p e r s o n n e l p e r f o r m i n g m a m t e r a n c e o p e r a t i o n s not 
h a m p e r e d by p r e s s u r e su i t s and r e d u c i n g to a m m i i r . u m or e l i m i n a t i n g the 
need for EVA, is c o n s i d e r e d d e s i r a b l e . Two m a i n t e n a n c e e l e m e n t c o n c e p t s 
w e r e p o s t u l a t e d for s e r v i c i n g t h e RNS m o r b i t . One concep t (shown m 
F i g u r e 13) l e n d s i t se l f to d e l i v e r y to the o p e r a t i o n s o r b i t b^ the s hu t t l e on 
an " o n - c a l l " b a s i s , wh ich is v e r y a t t r a c t i v e for low t ra f f ic l a t e s . It u t i l i z e s 
r e l a t i v e l y s i m p l e t e l e o p e r a t o r s u n d e r m a n u a l c o n t r o l f r o m t h e s hu t t l e 
o r b i t e r . M a n i p u l a t o r s , t o g e t h e r wi th a c o m p l e m e n t of s p a r e equ ipmen t 
m o d u l e s , a r e m o u n t e d on t h e m a i n t e n a n c e e l e m e n t c h a s s i s . The m a n i p u l a t o r s 
and s p a r e s a r e a r r a n g e d so tha t any m o d u l a r g roup of co inponen t s m t h e RNS 
can be exchanged wi th a r e p l a c e m e n t f r o m t h e m a i n t e n a n c e e l e m e n t . In t h e 
s econd c o n c e p t , a 33-foot d i a m e t e r m a i n t e n a n c e e l e m e n t is p e r m a n e n t l y 
s t a t ioned in the o p e r a t i o n s o r b i t , wi th l aunch to o r b i t a c c o m p l i s h e d by t h e 
I N T - 2 1 wi th c o n c u r r e n t RNS t ank d e l i v e r y . Th i s concep t l ends i t se l f to 
high t r a f f i c r a t e s w h e r e i n a m a i n t e n a n c e c r e w would b e s t a t i oned m t h e 
m a i n t e n a n c e e l e m e n t . T h e con f igu ra t i on is conapa t ib le wi th RNS g e o m e t r y 
in a s i ng l e p o s i t i o n i n g . In f l a t ab le s e a l s would m a t e t h e docking and e q u i p 
m e n t bay s t r u c t u r e enabl ing t h e e q u i p m e n t bay to be p r e s s u r i z e d . In t h i s 
m a n n e r p e r s o n n e l would have d i r e c t a c c e s s to t h e a s t r i o n i c e q u i p m e n t w i t h 
out need for EVA. 

A l s o , r e p l e n i s h m e n t of RCS and fuel c e l l r e a c t a n t s could be a c c o m p l i s h e d 
by a m e c h a n i s m c o n t r o l l e d f r o m wi th in the m a i n t e n a n c e e l e m e n t and m o n i t o r e d 
t h r o u g h v iewing p o r t s . T h e d e s i g n a p p r o a c h p r o v i d e s for f u tu r e g r o w t h t h r o u g h 
m o d u l a r e x p a n s i o n . M a i n t a i n a b i l i t y c r i t e r i a r e s u l t i n g f r o m t h e s e a p p r o a c h e s 
a r e r e f l e c t e d m RNS s u b s y s t e m s d e s i g n . 

E v a l u a t i o n of s o m e of t h e m o r e a t t r a c t i v e p r o p e l l a n t t r a n s f e r op t ions 
w a s p e r f o r m e d in t h e s tudy t ak ing into c o n s i d e r a t i o n o p e r a t i o n a l c o m p l e x i t y , 
t i m e r e q u i r e m e n t s , sa fe ty , e t c . In t h e eva lua t i on , e m p h a s i s w a s g iven to 
t h e following d e s i g n " d r i v e r s " : p r o p e l l a n t pos i t i on c o n t r o l , s t o r a g e s t a t e , 
l o g i s t i c c o n c e p t s , p r o p e l l a n t depot con f igu ra t i on , RNS t ank h y d r o d y n a m i c 
and t h e r m o d y n a m i c c o n t r o l , and t echno logy d e v e l o p m e n t r e q u i r e m e n t s . The 
p r e l i m i n a r y a n a l y s i s f avored two m e t h o d s for p r o p e l l a n t pos i t i on c o n t r o l 
d u r i n g t r a n s f e r : l i n e a r a c c e l e r a t i o n u s ing s o u r c e t ank RCS, and c e n t r i f u g a l 
a c c e l e r a t i o n about t h e p i t ch a x i s . 

^ 
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The payload handl ing and r e l a t e d o p e r a t i o n s a n a l y s i s ident if ied a 
n u m b e r of op t ions o r i e n t e d a r o u n d the s p a c e shu t t l e , tug , p r o p e l l a n t 
depot , m a i n t e n a n c e e l e m e n t , and s p a c e s t a t i on . Al though the shu t t l e can 
m a k e payload d e l i v e r i e s d i r e c t l y to the RNS, the tug a p p e a r s to be t h e 
m o r e v e r s a t i l e v e h i c l e in p e r f o r m i n g the p o s t u l a t e d t r a n s f e r m a n e u v e r s . 

A n u m b e r of e n d - o f - l i f e spen t s t a g e d i s p o s a l op t ions w e r e 
i nves t i ga t ed t ak ing into c o n s i d e r a t i o n d i s p o s a l conf igu ra t ion , l oca t ion 
f r o m which the d i s p o s a l is i n i t i a t ed , and t h e u l t i m a t e d i s p o s a l loca t ion 
( F i g u r e 14). Two d i s p o s a l l o c a t i o n s w e r e shown to be a t t r a c t i v e f r o m t h e 
s tandpoin t of o p e r a t i o n a l s i m p l i c i t y , sa fe ty , and pr t jpe l lan t r e q u i r e m e n t s . 
The f i r s t c o n s i s t s of a 660 -n m i o rb i t with an o rb i t a ] l ife OJ a p p r o x i m a t e l y 
1000 y e a r s . T h i s can be a t t a i ned f r o m low e a r t h o rb i t employ ing an 
u n m a n n e d tug ( F i g u r e 15) o r wi th the RNS in a se l f -d i s p o s a l m o d e . The 
second a t t r a c t i v e d i s p o s a l l oca t i on c o n s i s t s of a h e l i o c e n t r i c o rb i t , which 
can be e c o n o m i c a l l y a t t a ined if t he v e h i c l e e n d - o f - l i f e coinc des wi th an 
u n m a n n e d p l a n e t a r y m i s s i o n or a l u n a r m i s s i o n with no payload r e t u r n 
r e q u i r e m e n t s . 

GEOCENTRIC LC N G LtEE 

OPBr ^60 X 660 NWI 

OPERATIONS ORBIT 

260 X 260 N M l , 31 5" INCL 

STRUT EXTENSION ACTUATOR 

STRUT EMPLACEMENT LATCH 

STRUT (Eft RLACED POSITIONI 

ELECTRICAL CONNECTOR, 

ENGINE TILT ACTUATOR 

ENGINE ENGAGEMENT TILT HEAD 

ENGINE ENGAGEMENT LATCH 

STRUT STOWED POSITION / c.i^..,t c c . , n . : n 
/ —STAGES-ENGINE— ENGINE E XTENDED 

STRUT EMPLACEMENT DETAIL A 8. ROTATED 
ACTUATOR ENGINE REMOVAL MANIPULATOR 

•̂"xn SZ>=ci 
RNS PROPULSIVE 
MODULE 

HELIOCENTMC 

OPBI ' DISPOSAL 

ENGINE A L O N t 
(VIA TUG) 

F i g u r e 14. RNS D i s p o s a l Loca t i on F i g u r e 15. NERVA R e m o v a l 
& Conf igu ra t ion A l t e r n a t e s Concep t 

The fl ight o p e r a t i o n s s tudy a c t i v i t i e s r e s u l t e d in t h e d e t e r m i n a t i o n of 
o r b i t a l a c c u r a c y r e q u i r e m e n t s , r e n d e z v o u s and dock ing r e q u i r e m e n t s , and 
d e v e l o p m e n t of an i n f o r m a t i o n m a n a g e m e n t s y s t e m c o n c e p t . R e n d e z v o u s and 
docking m o d e s and r e s u l t i n g a p p r o a c h p a t t e r n s w e r e i n v e s t i g a t e d f r o m which 
a c c u r a c y r e q u i r e m e n t s w e r e d e t e r m i n e d . S i m p l e g e o m e t r i c a l and e r r o r s e n s i 
t i v i t y c o n s i d e r a t i o n s and c o n s t r a i n t s w e r e used to e s t a b l i s h r e q u i r e m e n t s for 
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p h a s i n g o r b i t a c c u r a c i e s p r i o r to r e n d e z v o u s t r a n s f e r . The c o n s t r a i n t s a r e 
tha t t h e o rb i t is to be e s t a b l i s h e d wi th suff ic ient a c c u r a c y to a l low RNS r a d a r 
d e t e c t i o n of the t a r g e t v e h i c l e wi th in p r e s c r i b e d s c a n l i m i t s wi th 99 . 9 p e r c e n t 
p r o b a b i l i t y so t h a t t he RNS pos i t i on and ve loc i t y e r r o r s a r e l e s s (with 99 . 9 p e r . 
cen t p r o b a b i l i t y ) t han could be c o r r e c t e d by a d e l t a - V of t h e s a m e m a g n i t u d e 
a s tha t r e q u i r e d for t h e r e n d e z v o u s H o h m a n n t r a n s f e r , and so tha t a n o n - z e r o 
c l o s i n g r a t e wi l l r e s u l t , (The r e s u l t s for o r b i t a l a c c u r a c y r e q u i r e m e n t s show 
t h e l una r o rb i t to be m o s t s e v e r e and a r e ident if ied as fo l lows : c r o s s r a n g e 
+ 3 n m i , down r a n g e I 20 n m i , and a l t i t ude ± 1 n m i . Ve loc i ty a c c u r a c i e s 
a r e _ 10 fps in c r o s s r a n g e d i r e c t i o n and t 15 fps in down r a n g e and radTal 
d i r e c t i o n s , 

A r e n d e z v o u s and docking e x a m p l e is i l l u s t r a t e d in F i g u r e 16 for t h e 
H o h m a n n t r a n s f e r . In the m a n e u v e r shown, t h e RNS is a s s u m e d to hold an 
i n e r t i a l l y fixed a t t i t ude du r ing c o a s t , the a p p a r e n t p i t ch m o t i o n be ing c a u s e d 
by the 1 8 0 - d e g r e e r o t a t i o n of t h e c o o r d i n a t e s y s t e m d u r i n g the t r a n s f e r . Wi th 
u s e of +X and -X t r a n s l a t i o n s a s shown, t h e n o s e of t h e RNS can point c o n 
t i n u o u s l y in t h e g e n e r a l d i r e c t i o n of t h e p r o p e l l a n t depot (PD) , t h e r e b y a v o i d 
ing e x p o s u r e of t h e depot to t h e high r a d i a t i o n e m i t t e d f r o m the aft end of t h e 
RNS. 

lo 9 FPS X 

F i g u r e 16. Mot ion of RNS R e l a t i v e to P r o p e l l a n t 
Depot (PD) Dur ing H o h m a n n T r a n s f e r 

The d e t e c t i o n r a n g e r e q u i r e n n e n t of 100 n m i r e s u l t s f r o m t h e a s s u m p t i o n 
tha t t he RNS could be in a c i r c u l a r o r b i t wh ich d i f fe r s in a l t i t u d e by 20 n m i 
f r o m the t a r g e t due to a 10 n m i i n s e r t i o n e r r o r . T r a n s f e r b e t w e e n c i r c u l a r 
o r b i t s d i f fe r ing in a l t i t ude by 20 n m i b e g i n s a t a r a n g e of 50 n m i . Twen ty 
m i n u t e s of t r a c k i n g adds 40 n m i . F i n a l l y , a 10 n m i r a n g e b i a s to a l low for 
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a d d i t i o n a l NERVA cooldown r e s u l t s m a 100 n nni d e t e c t i o n r a n g e r e q u i r e 
m e n t . B a s e d on t h e r e n d e z v o u s d e s c r i b e d a b o v e , the tol lov/mg a c c u r a c y 
r e q u i r e m e n t s w e r e iden t i f i ed : r a n g e a c c u r a c y (3 cr) - 0. 02 p e r c e n t , r a d a r 
r a n g e r a t e a c c u r a c y (3o- ) - 6 fps, SLR r a n g e r a t e a c c u r a c y ( 3 ( T ) - 1 p e r 
cen t , r a d a r a n g u l a r a c c u r a c y 0. 6 d e g r e e s , SLR a n g u l a r a c c u r a c y - 0. 02 
d e g r e e s , and s e a r c h v o l u m e 10 d e g r e e s by 10 d e g r e e s . 

The in format ion m a n a g e m e n t s y s t e m is i n t i m a t e l y involved wi th t h e 
funct ions of c o m m u n i c a t i o n s , r e n d e z v o u s , t r a c k i n g , and checkou t . The 
s u b s y s t e m p e r f o r m s t h r e e m a j o r funct ions c o n s i s t i n g of da ta hand l ing , 
c o n t r o l , and c o m m u n i c a t i o n s . T h e lunc t ions o v e r l a p and a r e i n t e g r a t e d 
into a s y s t e m by d ig i t a l c o m p u t e r s o f t w a r e wi th p r o v i s i o n for c r e w p a r t i c i 
pa t ion du r ing m a n n e d o p e r a t i o n s . The d ig i t a l c o m p u t e r a c c o m p l i s h e s t h e 
GN&C c o m p u t a t i o n s , a s w e l l a s c o m m u n i c a t i o n s i g n a l r o u t i n g , m i s s i o n 
p lann ing and event s c h e d u l i n g , o n - b o a r d checkou t , m o n i t o r and a l a r m l o g i c , 
and o p e r a t i o n s da ta m a n a g e m e n t . T h e s e s e r v i c e s a r e a c c o m p l i s h e d t h r o u g h 
s o f t w a r e i n t e r f a c e s to p e r f o r m t h e IMS m a j o r funct ions of da ta h a n d l i n g , 
c o n t r o l and c o m m u n i c a t i o n s , and t r a c k i n g . 

C o m m u n i c a t i o n s p r o v i d e s for i n f o r m a t i o n flow o n - b o a r d t h e RNS, 
b e t w e e n t h e RNS and o t h e r v e h i c l e s , and b e t w e e n t h e RNS and g r o u n d . B a n d 
wid th r e q u i r e m e n t s for the c o m m u n i c a t i o n and t r a c k i n g l inks a r e defined a s : 
d i g i t a l da t a ( t e l e m e t r y ) 12. 5 K B P S for 100 (KH^) up l ink and 600 K B P S for 
4. 8 (MH^) down l ink, v o i c e 1 c h a n n e l at 4 KH2, v ideo (TV) 1 c h a n n e l at 
4. 5 MH^ and t r a c k i n g da ta P R N rang ing at one M B P S lo r 8 MH^. 

T h e r e s u l t s of t h e o p e r a t i o n s r e q u i r e m e n t s a n a l y s e s yie ld t h e fo l low
ing s ign i f i can t c o n c l u s i o n s : 

(1) E x i s t i n g f a c i l i t i e s and s u p p o r t e q u i p m e n t can b e e c o n o m i c a l l y u t i l i z ed 
for t r a n s p o r t a t i o n and p r e l a u n c h o p e r a t i o n s of t h e RNS 

(2) OBCO can b e employed for both ground and o r b i t a l checkou t wi th 
l i m i t e d i n t e r f a c i n g e q u i p m e n t 

(3) O p e r a t i o n a l c o m p a t i b i l i t y of t h e RNS wi th o the r p lanned s p a c e p r o g r a m 
e l e m e n t s can b e sa fe ly and e c o n o m i c a l l y effected 

(4) O r b i t a l m a i n t e n a n c e can b e p e r f o r m e d employ ing a s p a c e shu t t l e d e r i v a t i v e 
m a i n t e n a n c e e l e m e n t 

(5) NERVA d i s p o s a l to a sa fe l o n g - l i f e o r b i t is w i t h m s p a c e t u g ' s c apab i l i t y 
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(6) Self d i s p o s a l of t h e RNS to h e l i o c e n t r i c o rb i t is a t t r a c t i v e t h r o u g h p r o 
g r a m m i n g of e n d - o f - l i f e to c o i n c i d e with an u n m a n n e d p l a n e t a r y m i s s i o n 
or d i s p o s a l f r o m l u n a r o r b i t . 

S Y S T E M DEFINITION 

The d e s i g n o b j e c t i v e d u r i n g the P h a s e III s tudy w a s to e s t a b l i s h a t t r a c t 
ive RNS c o n c e p t s . The a t t r a c t i v e n e s s of t h e d e s i g n a r r a n g e m e n t s w a s m e a s 
u r e d in t e r m s of c o s t / p e r f o r m a n c e e f f e c t i v e n e s s , wh ich is d i r e c t l y r e l a t a b l e 
to c o m p o n e n t s we igh t inc luding e x t e r n a l r a d i a t i o n sh i e ld , s t r u c t u r e , t h e r m a l 
and m e t e o r o i d p r o t e c t i o n , a s w e l l a s m e c h a n i c a l , f luid, and a s t r i o n i c s u b 
s y s t e m s . A d d i t i o n a l d e s i g n d r i v e r s c o n s i d e r e d tha t a l s o affect p e r f o r m a n c e 
and c o s t i nc lude i m p a c t on t h e l aunch v e h i c l e , f a c i l i t i e s r e q u i r e m e n t s , and 
c o m p l e x i t y of f l ight o p e r a t i o n s . 

T h e s y s t e m s and s u b s y s t e m s a n a l y s e s p e r f o r m e d w e r e subdiv ided into 
two s e p a r a t e but i n t e r r e l a t e d t a s k s , i. e. , i n t e g r a t e d s t a g e d e s i g n d e v e l o p 
m e n t and s u b s y s t e m s d e s i g n . T h e f i r s t c o n c e n t r a t e d on t h e d e v e l o p m e n t of 
s t a g e g e o m e t r i c a l a r r a n g e m e n t s t ak ing into c o n s i d e r a t i o n r a d i a t i o n e n v i r o n 
m e n t , p e r f o r m a n c e , i n t e r f a c e wi th NERVA and l aunch v e h i c l e , a s w e l l a s 
g round and s p a c e o p e r a t i o n s inc lud ing eng ine r e m o v a l and d i s p o s a l . T h e s e 
r e q u i r e d p a r a m e t r i c t r a d e o f f s w h e r e t h e d i m e n s i o n a l c h a r a c t e r i s t i c s of 
s t a g e d e s i g n c o n c e p t s w e r e v a r i e d to a s s e s s t h e i r in f luence on s t r u c t u r e , 
t h e r m a l / m e t e o r o i d p r o t e c t i o n , r a d i a t i o n d o s e to t h e t ank t o p , and e x t e r n a l 
sh ie ld w e i g h t . Load ing i m p a c t on t h e l aunch v e h i c l e a l s o w a s a s s e s s e d 
t r a d i n g s t a g e g e o m e t r y , boos t m o d e , and a s s e m b l y m o d e . T h e s e a n a l y s e s 
t o g e t h e r wi th t h e r e s u l t s of i n t e r f a c e d e s i g n def in i t ion , m i s s i o n o p e r a t i o n s 
r e q u i r e m e n t s , t h e r m o d y n a m i c s , p r o p e l l a n t m a n a g e m e n t , and a s t r i o n i c s 
i n v e s t i g a t i o n s w e r e i n t e g r a t e d into t o t a l s y s t e m s for s t a g e d e s i g n eva lua t i on 
and s e l e c t i o n . 

T h e s u b s y s t e m s w e r e evolved c o n c u r r e n t wi th t h e s t a g e c o n f i g u r a t i o n s . 
T h e e m p h a s i s in t h e a n a l y s e s m th i s c a s e w a s p l aced in the i n v e s t i g a t i o n of 
i n t e r a c t i o n s wi th o t h e r s u b s y s t e m s / s y s t e m s and c o m m o n a l i t y wi th c u r r e n t 
NASA p r o g r a m m e d efforts . In a d d i t i o n , s i m p l i c i t y of m a n u f a c t u r i n g , 
i n s p e c t i o n and r e p a i r , a s w e l l as m a i n t a i n a b i l i t y and r e l i a b i l i t y r e q u i r e m e n t s 
w e r e l ead ing d r i v e r s m t h e d e s i g n and s e l e c t i o n of each s u b s y s t e m , and t h e 
c o m p o n e n t s t h e r e o f . We igh t and p e r f o r m a n c e c o m p l e t e t h e l i s t of v a r i a b l e s 
in t h e t r a d e o f f s p e r f o r m e d for s t a g e concep t e v a l u a t i o n , as w e l l a s for t h e 
s e l e c t i o n of s u b s y s t e m s and c o m p o n e n t s a s a p p l i c a b l e . 
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Conf igu ra t i on E v a l u a t i o n and S e l e c t i o n 

As p r e v i o u s l y s t a t e d , t he d e s i g n i n v e s t i g a t i o n s c o n c e n t r a t e d on s a t i s 
fying o p e r a t i o n a l and m i s s i o n p e r f o r m a n c e r e q u i r e m e n t s w i t h m t h e f r a m e 
w o r k of m a x i m i z i n g c o s t e f f e c t i v e n e s s tak ing into c o n s i d e r a t i o n d e v e l o p m e n t 
c o s t , and d e v e l o p m e n t r i s k i m p l i c a t i o n s . Cos t e f f e c t i v e n e s s (in t e r m s of uni t 
pay load d e l i v e r y cos t ) is a function of both p e r f o r m a n c e and r e c u r r i n g e x p e n d i 
t u r e s . P e r f o r m a n c e is m e a s u r a b l e in t e r m s of r a d i a t i o n sh i e ld , s t r u c t u r e , 
t h e r m a l and m e t e o r o i d p r o t e c t i o n and m e c h a n i c a l , fluid, and a s t r i o n i c s s y s t e m s 
w e i g h t s . R e c u r r i n g c o s t c a n be subd iv ided into h a r d w a r e and o p e r a t i o n a l 
e x p e n d i t u r e s . The f o r m e r can be m i n i m i z e d by s i m p l i c i t y ot d e s i g n , m a n u -
f a c t u r a b i l i t y , e a s e of qual i ty a s s u r a n c e , and low m a i n t e n a n c e ot e q u i p m e n t 
and f ac i l i t i e s wh i l e m a i n t a i n i n g c o g n i z a n c e of c o m p o n e n t we igh t i m p l i c a t i o n s . 
O p e r a t i o n a l e x p e n d i t u r e s , on the o the r hand, i nc lude d e l i v e r y of the s t a g e , 
p r o p e l l a n t , and s p a r e s to o r b i t , a s w e l l a s o r b i t a l a s s e m b l y and m a i n t e n a n c e . 
P r o p e l l a n t d e l i v e r y , at c u r r e n t l y p r o j e c t e d o p e r a t i n g r a t e s , is a m a j o r c o s t 
d r i v e r but its effect on t h e o v e r a l l p r o g r a m can be a m e l i o r a t e d by i m p r o v e d 
p e r f o r m a n c e of the RNS. 

Low d e v e l o p m e n t c o s t can be a t t a i ned by j u d i c i o u s u s e of ex i s t ing t e c h 
nology, h a r d w a r e , and f a c i l i t i e s , a s we l l a s l aunch v e h i c l e . C u r r e n t t e c h 
no logy u t i l i z a t i o n , h o w e v e r , m u s t b e eva lua t ed a g a i n s t t e c h n o l o g y d e v e l o p m e n t 
we igh t r e d u c t i o n s i n c e it c o s t s a p p r o x i m a t e l y $370 /pound of i n e r t v̂  e ight 
added to t h e s t a g e if pay load is held c o n s t a n t (2 . 3 pounds of LH2 is r e q u i r e d 
for e v e r y pound of i n e r t added to t h e s t a g e ) . C o n s e q u e n t l y , t e c h n o l o g y 
d e v e l o p m e n t a c c o m p a n i e d by we igh t r e d u c t i o n can b e e c o n o m i c a l even w h e n 
a d e v e l o p m e n t r i s k f a c t o r is added . It i s , t h e r e f o r e , n e c e s s a r y to m a i n 
t a i n a c o s t - c o n s c i o u s d e s i g n d e v e l o p m e n t a p p r o a c h m t h e o v e r a l l s y s t e m 
o p t i m i z a t i o n . 

Conf igu ra t i on A l t e r n a t e s 

The t h r e e con f igu ra t i on c l a s s e s i n v e s t i g a t e d a r e shown m F i g u r e 17. 
One IS a s i n g l e t ank d e s i g n . A second is a modif ied d u a l - c e l l which 
m a x i m i z e s the c o l u m n ot p r o p e l l a n t a v a i l a b l e for r a d i a t i o n a t t e n u a t i o n 
du r ing t h e c r i t i c a l l a s t eng ine b u r n when the r a d i a t i o n d o s e r a t e is r e a c h 
ing i t s p e a k . T h e t h i r d is a hybr id or t w o - t a n k d e s i g n which o t t e r s the 
po t en t i a l ot a id ing in e n d - o f - l i i e eng ine d i s p o s a l , s impl i fy ing o r b i t a l 
a s s e m b l y o p e r a t i o n s , i m p r o v i n g p r o p e l l a n t l oca t ion c o n t r o l , and p e r m i t t i n g 
e a r l y g round t e s t s . 

The a n a l y t i c a l a p p r o a c h t aken was to t a i l o r t ank at t bu lkhead g e o m e t r y 
to m i n i m i z e payload sh ie ld ing r e q u i r e m e n t s . T h i s is done by (1) c o n t r o l 
l ing t h e a n g l e for r a d i a t i o n inc ident on t h e t ank , (2) u&mg the con i ca l att 
bu lkhead to a c h i e v e d u a l - c e l l b e n e t i t s , and (3) t ak ing a d v a n t a g e ot t he 
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i n v e r s e s q u a r e law to a t t e n u a t e r a d i a t i o n b e a m e d to the pay load . T h e s e 
g a i n s a r e a c h i e v a b l e at t h e e x p e n s e of r e d u c e d s t r u c t u r a l eff ic iency and 
i n c r e a s e d o p e r a t i o n a l c o m p l e x i t y . H o w e v e r , r a d i a t i o n sh ie ld ing for 
m a n n e d f l ights r e p r e s e n t s the m a j o r d e s i g n d r i v e r and c o n t r o l l i n g f ac to r 
in a c h i e v i n g b e s t o v e r a l l p e r f o r m a n c e . 

The a n a l y t i c a l i n v e s t i g a t i o n s in i t i a l ly o p t i m i z e d the p e r f o r m a n c e of 
t h e s i n g l e t ank d e s i g n for t h e l u n a r s hu t t l e m i s s i o n and then a s s e s s i n g 
t h e o p e r a t i o n a l i m p a c t inc luding l aunch to o r b i t . A l s o , t he s i n g l e t ank 
o p t i m u m d e s i g n point w a s employed to evo lve a t t r a c t i v e d u a l - c e l l and 
h y b r i d c o n c e p t s , a i m e d at i m p r o v i n g an a l r e a d y a c c e p t a b l e o v e r a l l 
p e r f o r m a n c e . 

F i g u r e 17. A l t e r n a t e RNS C o n f i g u r a - F i g u r e 18. S tage Weight V a r i a t i o n s 
t ion C l a s s e s 

S ing le T a n k C o n f i g u r a t i o n . T h e p a r a m e t r i c a n a l y s e s w e r e in i t i a ted by 
v a r y i n g t h e aft bu lkhead half c o n e - a n g l e of t h e s i n g l e t ank con f igu ra t i on 
f r o m 15 to 5 d e g r e e s and t h e end cap r a d i u s f r o m 125 to 25 i n c h e s . A 
p r o p e l l a n t t ank c a p a c i t y of 300, 000 pounds of LH2 w a s m a i n t a i n e d wi th 5 
p e r c e n t u l l a g e v o l u m e . The a n a l y s i s c o n s i s t e d of s t r u c t u r a l a s we l l a s 
e n v i r o n m e n t a l p r o t e c t i o n s t u d i e s , t h e l a t t e r inc luding m e t e o r o i d and 
t h e r m a l p r o t e c t i o n , and e x t e r n a l r a d i a t i o n sh ie ld ing s i z i n g . T h e r e s u l t s 
a r e p r e s e n t e d in F i g u r e 18 a s a funct ion of half c o n e - a n g l e and end cap 
r a d i u s . In add i t ion to the t ank , t h e s t a g e d r y weigh t c u r v e s inc lude 
f o r w a r d and aft s k i r t s ; foam and h igh p e r f o r m a n c e i n su l a t i on for g round 
and s p a c e t h e r m a l p r o t e c t i o n ; m e t e o r o i d p r o t e c t i o n for t h r e e y e a r s at 
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0. 995 p r o b a b i l i t y of no i m p a c t to t h e t ank wa l l ; and fixed weight c o m p o n e n t s 
c o n s i s t i n g of a u x i l i a r y p r o p u l s i o n , a s t r i o n i c s , t h r u s t s t r u c t u r e , e t c . 
A s c a n b e s e e n in F i g u r e 18, sh ie ld weigh t is e s s e n t i a l l y i n s e n s i t i v e to 
c o n e - a n g l e v a r i a t i o n s at l a r g e end cap r a d i i ( ^ 1 0 0 i n c h e s ) . T h i s is due 
to t h e s m a l l v a r i a t i o n in t ank l eng th , he igh t of p r o p e l l a n t c o l u m n t o w a r d s 
t h e end of t h e l a s t b u r n , and r e a c t o r c o r e vieAv a n g l e at l a r g e cap r a d i i . 

T h e r e s u l t s of t h e p a r a m e t r i c a n a l y s e s inc luding s t r u c t u r e , t h e r m a l 
and m e t e o r o i d p r o t e c t i o n , boiloff p e n a l t i e s , and e x t e r n a l sh ie ld a r e 
e x p r e s s e d in F i g u r e 19 in t e r m s of pay load weight v a r i a t i o n wi th t ank 
g e o m e t r y . An 8 - d e g r e e half c o n e - a n g l e wi th a 2 5 - i n c h cap r a d i u s w a s 
found to yield n e a r - o p t i m u m p e r f o r m a n c e . It is p o s s i b l e tha t p e r f o r m a n c e 
m a y con t inue to i n c r e a s e s o m e w h a t beyond t h i s poin t a s shown by t h e 
dot ted l i n e s in t h e f i g u r e ; hoAvever, only p a r a m e t r i c r a d i a t i o n a n a l y s i s 
h a s b e e n p e r f o r m e d beyond t h e noted d e s i g n point and c o n s e q u e n t l y , t h e 
r e s u l t s need f u r t h e r v e r i f i c a t i o n . 

:ILITY 8. LOADS CONSTRAINT 

- DESIGN POINT 

DELTA 
PAYLOAD 
WEIGHT 
(1000 POUNDS) 

1 9 11 13 
HALF CONE-ANGLE (DEGREES! 

190 FT 

A 
"^ 

141 FT 

F i g u r e 19. Des ign T r a d e - o f f Map With Launch and F a c i l i t i e s 
C o n s t r a i n t s 

T h e load ing i m p a c t of t h e s e l e c t e d c o n f i g u r a t i o n on t h e INT-21 w a s 
nex t i n v e s t i g a t e d . T h e p r o p o s e d INT-21 h a s b e e n u p g r a d e d r e c e n t l y by 
NASA to a c c e p t t h e l o a d s i m p o s e d by a s t a n d a r d pay load e n v e l o p e , 33 feet 
in d i a m e t e r and 141 feet in l eng th inc luding a b i c o n i c n o s e c o n e . The i n 
flight winds w e r e r e s t r i c t e d to 50 m e t e r s / s e c c o m p a r e d to t h e 75 m e t e r s / 
s ec for t h e S a t u r n V, t h u s r e d u c i n g l a u n c h a v a i l a b i l i t y . T h i s w a s done 
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to min imize the uprating requ i rements of the S-IC and S-II. Since the 
selected RNS single tank configuration length, including nose cone and 
NERVA, is approximately 220 feet, a l t e rna te launch modes (F igure 20), 
we re investigated to mit igate the loading impact on the INT-21. The 
selected approach, employs a non- in tegra l launch mode, i. e. , engine and 
stage del ivered to ear th orbit separa te ly via space shuttle and INT-21, 
respect ively , with subsequent mating and as sembly in orbit . The stage 
atop the b o o s t e r was , in turn , inverted, result ing in a l65-foot-long 
payload. A flexible body dynamic analysis at the max (q Ot ) condition at 
wind speeds of 75 m e t e r s / s e c for a 100 percent launch availabil i ty resul ted 
in loadings on the INT-21 below those experienced with the 141-foot NASA 
basel ine payload. This is due to the low a i r loading induced by the s lender 
8-degree half cone coupled to an aft movement of the center of p r e s s u r e . 

A 
o NTEGRAL 

A TANK/ENGINE 
SEPARATE 

a 

INT 21 INT 21 

^ "S 
SPACE SHUTTLE 

Figure 20. Al ternate Launch Modes 
The max imum acceptable tank length atop the INT-21 (inverted position, 

8-degree half cone) is 190 feet. This , as shown in F i g u r e 19 , is also the 
ground facili t ies (KSC) constra int . The limit height of a r igh t - s ide-up RNS 
launch configuration with no engine but with a nose cone must be res t r i c t ed 
to 141 feet and is shown in the lower right hand side of the figure. The 
launch availabil i ty of this configuration is the s ame as that of the NASA 
basel ine INT-21, that i s , l e s s than 100 percen t . The data show that to 
prec lude further modifications (and increased development cost) to the 
INT-21, this configuration must be limited to a 12-degree half cone-angle 
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with a p p r o x i m a t e l y a 9 0 - i n c h cap r a d i u s . T h e r e f o r e , an i nve r t ed l aunch 
of the s t a g e is n e c e s s a r y to m a x i m i z e payload and c o s t e f f ec t i venes s 
wi thout i n c r e a s i n g t h e d e v e l o p m e n t cos t of the b a s e l i n e b o o s t e r . F u r t h e r 
m o r e , only wi th an i nve r t ed l aunch of the n u c l e a r s t a g e l e s s NERVA, 
r e l a x a t i o n of the wind c r i t e r i a , or an o f f - o p t i m u m p e r f o r m a n c e d e s i g n 
concep t such a s a l a r g e r half c o n e - a n g l e and tank cap r a d i u s can t h e 
i m p a c t on the b o o s t e r be avo ided . It is a l s o of i m p o r t a n c e to no te at t h i s 
poin t , t ha t a n o n - m t e g r a l l aunch r e q u i r i n g m - o r b i t ina t ing and a s s e m b l y 
n e i t h e r c r e a t e s new r e q u i r e m e n t s n o r v i o l a t e s any ex i s t ing o n e s , b e c a u s e 
NERVA d e s i g n c r i t e r i a spec i fy eng ine and s t a g e a s s e m b l y and d i s 
a s s e m b l y c a p a b i l i t y m e a r t h o r b i t . 

Modified Dual Ce l l C o n f i g u r a t i o n s , The modi f ied dual c e l l w a s evolved to 
i m p r o v e the r a d i a t i o n a t t e n u a t i o n to t h e t ank top of the r e c o m m e n d e d s i n g l e 
t ank con f igu ra t i on by m a i n t a i n i n g a h i g h e r ef fect ive p r o p e l l a n t l eve l w i t h m t h e 
t ank d u r i n g t h e l a s t few c r i t i c a l s e c o n d s of t h e e n g i n e ' s l a s t b u r n . T h i s c o n 
cep t h a s t h e add i t i ona l a d v a n t a g e of d r a s t i c a l l y r e d u c i n g the a v a i l a b l e g a s e o u s 
s c a t t e r v o l u m e m t h e v i c in i ty of the i nne r c e l l . T h e l a t t e r ' s c a p a c i t y w a s 
b a s e d on 5950 pounds of LH2 c o n s i s t e n t wi th t h e f inal cooldown p r o p e l l a n t 
r e q u i r e m e n t wi th an a l l o w a n c e for v a p o r i z a t i o n . The c y l i n d r i c a l g e o m e t r y of 
t h e i nne r c e l l w a s v a r i e d f r o m 80 to 120 i n c h e s m d i a m e t e r as shown m F i g 
u r e 13 wi th t h e o p t i m u m fal l ing m i d w a y a t 100 - inch d i a m e t e r . T h e i n c l u s i o n 
of t h e inne r c e l l i n c r e a s e s the u l l a g e p r e s s u r e ove r tha t of t h e s ing l e t ank 
d e s i g n by the s u m of t h e d y n a m i c head of t h e inne r c e l l at m a m tank d e p l e t i o n 
p lus p r e s s u r e l o s s e s f r o m c a p i l l a r y d e v i c e s . The d e s i g n i n c u r s a 1450 pound 
s t r u c t u r a l we igh t p e n a l t y o v e r t h e s i n g l e t ank c o n f i g u r a t i o n . Th i s is due to 
t h e i nne r c e l l p lus t h e p r e s s u r e i n c r e a s e m t h e m a i n t a n k . 

H y b r i d C o n f i g u r a t i o n s . The a n a l y s e s du r ing t h i s p h a s e of the s tudy w e r e 
l i m i t e d to evolv ing a t t r a c t i v e s t a g e s t r u c t u r a l a r r a n g e m e n t s t ak ing into 
c o n s i d e r a t i o n n u c l e a r r a d i a t i o n , o v e r a l l s y s t e m we igh t , and s p a c e shu t t l e 
c a r g o bay c o m p a t i b i l i t y wi th the p r o p u l s i v e m o d u l e c o n s i s t i n g of NERVA 
p l u s t h e a u x i l i a r y t ank . A s p e c t r u m of s t a g e c o n f i g u r a t i o n s w a s s y n t h e s i z e d 
a s shown in F i g u r e 17. T h i s w a s a c c o m p l i s h e d by v a r y i n g t h e a u x i l i a r y 
p r o p e l l a n t t ank LH2 c a p a c i t y f r o m 3000 to 9300 p o u n d s wh i l e m a i n t a i n i n g 
c o m p a t i b i l i t y wi th the s p a c e shu t t l e c a r g o bay g e o m e t r y . The 9300 pounds 
p r o p e l l a n t c a p a c i t y p e r m i t s eng ine s e l f - d i s p o s a l to high o r b i t a l t i t u d e (66O 
n mi ) and i n c l i n a t i o n (45 d e g r e e s ) . The 3000 pounds p r o p e l l a n t c a p a c i t y 
y i e l d s the m o s t a t t r a c t i v e g e o m e t r y f r o m the s t a n d p o i n t of r a d i a t i o n dose 
to t h e p a y l o a d wh i l e m a i n t a i n i n g e x c e l l e n t s t r u c t u r a l c o m p a t i b i l i t y wi th t h e 
m a i n t ank V a r i o u s m a i n t ank cap r a d i i and half c o n e - a n g l e s w e r e c o n s i d e r e d 
in t h e con tex t of r a d i a t i o n a t t e n u a t i o n , s t a g e m o l d l i n e con t inu i ty and i n t e r -
t a n k c o m p a t i b i l i t y . The s i n g l e t ank s tudy r e s u l t s , wh ich i n d i c a t e d s i g n i 
f i can t we igh t r e d u c t i o n s for d e s i g n s wi th s m a l l half c o n e - a n g l e s and cap 
r a d i i , w e r e e m p l o y e d a s gu ide in t h e h y b r i d d e s i g n s c r e e n i n g . 
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The e v a l u a t i o n of the h y b r i d c o n f i g u r a t i o n s i s s u m m a r i z e d in Tab le 1. 
The m i n i m u m e m p t y v e h i c l e we igh t , i n t e g r a l t ank top r a d i a t i o n d o s e and 
e x t e r n a l sh i e ld we igh t a r e s een to o c c u r for the con f igu ra t i on employ ing 
a 3000 pound c a p a c i t y LH^ a u x i l i a r y t ank ( 8 - d e g r e e half c o n e - a n g l e , 2 5 -
inch cap r a d i u s ) . H o w e v e r , i t s eng ine d i s p o s a l c apab i l i t y i s l i m i t e d to 
high a l t i t ude o r b i t at i n c l i n a t i o n s tha t could p o s e fu tu re safe ty p r o b l e m s 
wi th i n c r e a s e d s p a c e t r a f f i c . The conf igu ra t ion wi th the 7. 5 d e g r e e half 
c o n e - a n g l e r e p r e s e n t s the m i n i m u m we igh t s y s t e m whi l e m a i n t a i n i n g the 
m o s t v e r s a t i l e high e a r t h o r b i t NERVA d i s p o s a l c a p a b i l i t y . 

Tab le 1. H y b r i d Conf igura t ion E v a l u a t i o n 
. . . . — 1 

CONFIGURATION'1' 

MAIN TANK - 8°, 40 IN. R CAP 
AUX TANK - 77 IN. R CYL 

9300 LB-LH2 

MAIN TANK - 8°, 40 IN. R CAP 
AUX TANK - 8°, 25 IN. R CAP 

3000 LB-LH2 

MAIN TANK - 8°, 77 IN. R CAP 
AUX TANK - 77 IN. R CYL 

- 9300 LB-LH2 

MAIN TANK - 7.5°, 112 IN. R CAP 
AUX TANK - 1.9. 68 IN. R CAP 

- 9300 LB-LH2 

EVALUATION CRITERIA 

DISPOSAL 
CAPABILITY FROM 

LOW EARTH 
ORBIT 

660 X 660 NMI 
450 INCLINATION 

660 X 660 NMI 
32.5° INCLINATION 

660X660 NMI 
45° INCLINATION 

660X660 NMI 
45° INCLINATION 

VEHICLE 
LENGTH 

(FT) 

209 

211 

193 

186 

EMPTY 

WEIGHT 
(LB) 

80400 

78950 

79810 

79230 

TANK TOP 

RAD D0SE<2) 
(REM) 

88 

32 

107 

109 

EXTERNAL 
SHIELD 
WEIGHT 

(LB) 

6000 

3800 

6600 

6600 

<!• AUXILIARY PROPULSIVE MODULE COMPATIBLE WITH SPACE SHUTTLE PAYLOAD CAPABILITY; 
GN&C MODULE REQUIRED FOR ENGINE DISPOSAL 

(2)5000 LB LH? RESIDUAL LEVEL 

A l t e r n a t e C o n f i g u r a t i o n s C o m p a r i s o n 

T a b l e 2 p r e s e n t s a b r i e f s u m m a r y of t h e m o s t a t t r a c t i v e d e s i g n concep t 
in each of the con f igu ra t i on c l a s s e s c o n s i d e r e d . T h e b u r n o u t we igh t i nc lud 
ing sh i e ld ing ( d i r e c t l y r e l a t a b l e to payload p e r f o r m a n c e and c o s t e f f ec t i ve 
n e s s ) shows tha t t h e s i ng l e t ank d e s i g n has an a d v a n t a g e of m o r e than 
6000 pounds o v e r the h y b r i d , and 1500 o v e r t h e modi f ied dua l c e l l . In t h e 
c a s e of t h e l a t t e r , t he we igh t d i f f e r e n c e is due to t h e h i g h e r t ank d e s i g n 
p r e s s u r e d i s c u s s e d e a r l i e r p lus t h e weigh t of t h e inne r c e l l a s s e m b l y . 

*i» 
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Table 2. Candidate Systems Summary Comparison 

ITEM 

M A I N TANK HALF CONE ANGLE (DEGREES) 

M A I N TANK CAP RADIUS ( IN ) 

AUXILIARY TANK LH2 CAPACITY (LB) 

AUXILIARY TANK CAP RADIUS ( IN ) 

TANK TOP RADIATION DOSE* (REM) 

TANK DESIGN PRESSURE (PSIA) 

EMPTY WEIGHT (LB) 

EXTERNAL SHIELDING W E I G H T " (LB) 

BURNOUT WEIGHT - INCL EXT SHIELDING (L8) 

ENGINE DISPOSAL (HI EARTH ORBIT) 

NORMAL M O D E * * * 

INOPERABLE NERVA 

RELIABILITY IMPLICATIONS 

RECOMMENDED CONFIGURATION 

SINGLE TANK 

8 

25 

" 

38 

27 5 

75,540 

4,050 

81 ,450 

TUG 

TUG 

MODIFIED DUAL 
CELL 

8 

25 

: 
37 

28 5 

77,000 

4,050 

82,910 

TUG 

TUG 

HYBRID 

7 5 

112 

9,300 

68 

109 

28 2 

79,230 

6,600 

87,700 

AUX TANK 

TUG 

8 

40 

3,000 

25 

32 

28 2 

78,950 

3,800 

84,610 

AUX TANK 

TUG 

N O SIGNIFICANT DIFFERENCE BETWEEN CONCEPTS 

•/ 1 
•5000 LB LH2 - LAST C O O L D O W N PROPELLANT 

**10 REM CRITERIA 

***APPLICABLE FOR STAGE LIFE EXCEEDING ENGINE 

The hybrid and dual cel l c l a s se s show inc reases in stage empty weight 
over the single tank design. These a r e basical ly in s t ruc tu re and meteoro id 
and t h e r m a l protect ion, and a r e due to i nc reases in surface a r ea of both 
p r e s s u r i z e d and unpres su r i zed shel ls as well as a slight i nc rease in tank 
design p r e s s u r e due to los ses accrued by t rans fe r r ing propel lant from the 
main to the inner cel l or auxiliary tank. F r o m the standpoint of delivery 
to ea r th orbi t , all t h ree configurations a r e about equal. They all r equ i re 
an inverted launch on the INT-21 to preclude modifications to the la t ter . 
Engine disposal seems to favor the hybrid, until the contingency of an in
operable NERVA makes it mandatory to re ly on an a l te rna te vehicle such 
as the space tug for NERVA disposal . 

On the bas is of the data summar ized in Table 2, the single tank design 
employing INT-21 launch of the RNS tank in an inverted att i tude is the 
most a t t rac t ive configuration while meeting cur ren t s tandards for on-board 
personnel protect ion and there fore has been selected as the basel ine vehicle. 
The conclusions of the configurations evaluation and selection effort can be 
summar i ly i temized as follows: (1) The single tank design (8-degree half 
cone-angle , 25-inch cap radius) offers highest performance and cost effective
ness of the concepts considered; (2) Orbital mating and assembly of the stage 
and NERVA is feasible and neces sa ry to maximize performance; (3) Inverted 
launch of the main tank is feasible and neces sa ry to minimize development 
cost of the INT-21; (4) Slender cone-angle a r rangements yield dynamically 
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stable vehicle designs; and (5) The hybrid configuration employing an aux
i l iary propel lant tank with a capacity of about 3000 pounds offers an a t t r a c t 
ive s t ruc tu ra l a r r angement from the standpoint of radiation attenuation to 
the payload and consequently, payload per formance . Never the less , it is 
less efficient than the single tank and this propellant capacity could pose 
p rob lems in attaining a safe disposal orbit . Also, further work is nece s sa ry 
in this configuration to establ ish stability and control requirerre nts for 
engine disposal . 

Baseline Definition 

The layout of the selected basel ine configuration is shown in F igure 21 
depicting the genera l a r rangement of the vehicle and a summary weight 
s tatement is given in Table 3. The single tank of 33-foot cyl indrical dia
me te r and 8-degree half cone-angle with 25-inch cap radius aft bulkhead 
is 1827 inches long and accommodates 300, 000 pounds of propellant with 
5 percen t ullage. Extension sk i r t s a r e added to the forward and aft 
ends of the cyl indrical portion for a t tachment of INT-21 booster or payload, 
and aerodynamic shroud, respect ively . A th rus t s t ruc tu re , also in the form 

OUTER METEOROID BUMPER 

INSULATION BLANKET, 
(3 LAYERS) ^^ — 

THERMODYNAMIC 
VENT TUBE 
(34.4 SPACING) 

/ , H A N G E R STRIPS 

/ASTRIONICS BAY 

,FWD SKIRT 

ENGINE/TANK 
STRUCTURAL 
INTERFACE-

Figure 21. Selected RNS Baseline Configuration 
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T a b l e 3. R e c o m m e n d e d S m e l e Tank RNS Weight S u m m a r y ( l b ) 

STRUCTURE 24325 
METEOROID/THERMAL PROTECTION 13120 
DOCKING/CLUSTERING 1320 
MAIN PROPULSION 30225 
AUXILIARY PROPULSION 1320 
ASTRIONIC/ELECTRICAL POWER 5055 
SAFETY ORDNANCE SYSTEM 175 

SUBTOTAL 75540 

RCS PROPELLANT 5800 
RESIDUAL PROPELLANT 2890 
BOILOFF PROPELLANT 1360 
IMPULSE PROPELLANT 295750 

TOTAL 381340 

BURNOUT WEIGHT 
EMPTY WEIGHT 75540 
LESS USABLE FUEL CELL REACTANT 1030 
PLUS RESIDUAL VAPOR +2890 

TOTAL 77400 

of a s k i r t , is p r o v i d e d at t he end of t h e aft bu lkhead to a c c o m m o d a t e t h e 
engine i n s t a l l a t i o n . An a c t i v e n e u t e r docking s y s t e m and s u p p o r t i n g cone 
s t r u c t u r e a r e i n c o r p o r a t e d in t h e f o r w a r d s k i r t to r s t a g e docking to a p r o p e l l 
ant depot , m a i n t e n a n c e e l e m e n t , or s i m i l a r fac i l i ty and to r pay load m o d u l e 
connec t i on . An a n n u l a r a s t r i o n i c s bay for i n s t a l l a t i o n of the s t a g e a u x i l i a r y 
s u b s y s t e m s is a l s o i n t e g r a t e d into t h e f o r w a r d s k i r t s t r u c t u r e . A n o t h e r a c t i v e 
n e u t e r docking s y s t e m is bui l t into t h e t h r u s t s t r u c t u r e to f a c i l i t a t e o r b i t a l 
i n s t a l l a t i o n of t h e eng ine , a s w e l l a s for o r b i t a l hand l ing of the b tage and 
NERVA d u r i n g r e m o v a l and d i s p o s a l o p e r a t i o n s . T h e p a s s i v e a s s e m b l y of 
t h e n e u t e r dock is a t t a c h e d to the eng ine f o r w a r d t h r u s t s t r u c t u r e and t h e 
a c t i v e a s s e m b l y is a t t a c h e d to t h e s t a g e t h r u s t s t r u c t u r e . The t ank is c o m 
p a r t m e n t a l i z e d by t h r e e p e r f o r a t e d c a p i l l a r y b a r r i e r s and a b o t t o m s c r e e n 
to f a c i l i t a t e p r o p e l l a n t m a n a g e m e n t d u r i n g s p a c e o p e r a t i o n s . 

S t r u c t u r e S u b s y s t e m 

The m a t e r i a l emp loyed in t h e f a b r i c a t i o n of the t ank is a l u m i n u m a l loy 
2 0 1 4 - T 6 . Waffle c o n s t r u c t i o n wi th a 0 -90 d e g r e e r i b o r i e n t a t i o n w a s s e l e c t e d 
for s t i f fening of t h e c y l i n d r i c a l s i d e w a l l s , s i zed for an u l t i m a t e loading i n t e n 
s i ty of 365 I b / i n . o c c u r r i n g a t m a x ( q a ) and an LH2 t e m p e r a t u r e ot -42 ^ F . 
Monocoque c o n s t r u c t i o n w a s c h o s e n for t h e f o r w a r d and aft b u l k h e a d s s i n c e 
t h e d e s i g n cond i t i on is p r e s s u r e on ly . To m i n i m i z e hea t l e a k to the t ank , t h e 
f o r w a r d and aft s k i r t s i n c o r p o r a t e f ou r - foo t h e a t b l o c k s c o n s i s t i n g of an 
0. 0 4 - i n c h f iber g l a s s faced s a n d w i c h with a 2. 0 inch H R P h o n e y c o m b c o r e . 
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O t h e r t han t h e hea t b l o c k s , t he b a s i c c o n s t r u c t i o n s e l e c t e d tor the s k i r t s and 
a s t r i o n i c s bay s t r u c t u i e is i n t e g r a l l y , l ong i tud ina l ly s t i ffened a l u i n i n u m al loy 
7 0 7 5 - T 8 3 . Both t h e m a t e r i a l and me thod ot f a b r i c a t i o n for the t ank and s k i r t s 
w e r e s e l e c t e d b a s e d on m i n i m u m cos t taking into c o n s i d e r a t i o n d e v e l o p m e n t 
and payload p e r f o r m a n c e i m p l i c a t i o n s . P a s t s t u d i e s on the S a t u r n V, to d e t e r 
m i n e c o s t inf luencing p a r a m e t e r s or d r i v e r s , ' h ave shown tha t the lowes t 
spec i f i c cos t m s t r u c t u r a l c o m p o n e n t s is a s s o c i a t e d with the i n t e g r a l l y stiff
ened p r o p e l l a n t t ank c y l i n d e r . Th i s is due to the tew p a r t s con ta ined in t h e 
c o m p o n e n t , wh ich m o r e than c o m p e n s a t e s for the fact that it is c o n s t r u c t e d f rom 
l a r g e e x p e n s i v e p i e c e s tha t a r e m a c h i n e d and Vv elded t o g e t h e r . The r e d u c t i o n m 
c o s t w i th n u m b e r of p a r t s for a g iven c o m p o n e n t is t r a c e a b l e to the reduct ion 
in m a n u f a c t u r i n g s t e p s , and t h e a s s o c i a t e d r e d u c t i o n m i n s p e c t i o n and d o c u 
m e n t a t i o n . 

T h e s t a g e t h r u s t s t r u c t u r e is a cone f r u s t u m a p p r o x i m a t e l y 107 inches 
long to Vvhich is a t t a c h e d t h e a c t i v e docking r ing of the n e u t e r dock concep t 
deve loped by t h e NR s p a c e s t a t i on p r o g r a m for p o t e n t i a l a p p l i c a t i o n to i n t e r 
fac ing s p a c e p r o g r a m e l e m e n t s . Aga in , t h e s e l e c t i o n of the docking s y s t e m 
d e s i g n w a s b a s e d on r e d u c e d c o s t d e v e l o p m e n t wi thout c o m p r o m i s i n g the 
RNS o p e r a t i o n a l c a p a b i l i t y a n d / o r p e r f o r m a n c e . B e c a u s e of t h e r m a l con 
s i d e r a t i o n s , t he m a t e r i a l s e l e c t e d for the t h r u s t s t r u c t u r e is 6 A L - 4 V t i t a n 
i u m a l l oy which h a s a s u b s t a n t i a l l y l ower conduc t iv i t y than a l u m i n u m . T h e 
u p p e r edge of t h e t h r u s t s t r u c t u r e is bo l ted to a r i n g which is i n t e g r a l wi th 
the aft c o n i c a l b u l k h e a d . 

T h e r m a l / M e t e o r o i d P r o t e c t i o n 

T h e t h e r m a l / m e t e o r o i d p r o t e c t i o n s u b s y s t e m c o v e r s m o s t of the exposed 
s u r f a c e s of t h e RNS. D e t a i l s of the i n s t a l l a t i o n a r e g iven in Sec t ion A-A of 
F i g u r e 2 1 . T h e d e s i g n r e p r e s e n t s an i n t e g r a t e d H P l / m e t e o r o i d p r o t e c t i o n 
s u b s y s t e m w h e r e i n the h igh p e r f o r m a n c e i n su l a t i on funct ions not only to 
t h e r m a l l y p r o t e c t t he h y d r o g e n but to f o r m a p l u r a l i t y of m e t e o r o i d s h i e l d s 
to i n c r e a s e t h e e f f ic iency of t h e m e t e o r o i d p r o t e c t i o n s y s t e m . In add i t ion , 
t h e i n t e g r a l n a t u r e of t h e concep t p r o v i d e s (1) p r o t e c t i o n for t h e H P I f r o m 
a e r o d y n a m i c hea t i ng and wind l o a d s , (2) d y n a m i c d a m p i n g of t h e m e t e o r o i d 
b u m p e r s , (3) a s c a l l o p e d a r e a for the d i s t r i b u t i o n and r e l e a s e of H P I p u r g e g a s e s 
d u r i n g t h e g round hold and l aunch p h a s e s of t h e m i s s i o n , (4) a m o r e s t a b l e 
r e g i o n for s t r u c t u r a l s u p p o r t of t h e H P I than af forded by t h e t ank w a l l wh ich 
u n d e r g o e s d i m e n s i o n a l c h a n g e s due to i n t e r n a l p r e s s u r e s and c r y o t h e r m a l 
c o n t r a c t i o n , and (5) e a s e of m a n u f a c t u r i n g , i n s t a l l a t i o n , i n s p e c t i o n , and 
r e p a i r of the s u b s y s t e m . 

^l" 
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The double b u m p e r concep t , employed o v e r the t ank s i d e w a l l s , c o n s i s t s 
oi tvv o l a y e r s of l i b e r g l a s s , 0. 030 and 0. 010 inches t h i ck for t h e ou te r and 
inne r s h i e l d s , r e s p e c t i v e l y , e n c a s i n g 1.5 i nches ne t of GAC-9 m th i ee s e p a 
r a t e p a n e l s , 0. 5 i n c h e s e a c h . Both b u m p e r s a r e con t inuous c y l i n d e r s wi th 
the ou te i shee t beaded to i m p a r t enough s t i f fness to p r e v e n t l o c a l f l u t t e r . 
The foam s u b s t r a t e shown m t h e f i gu re p r o v i d e s t h e r m a l p r o t e c t i o n du r ing 
ground hold and boos t , and is s ca l l oped to f a c i l i t a t e pu rg ing of t h e H P I . 

GAC-9 w a s s e l e c t e d as t h e b a s e l i n e high p e r f o r m a n c e i n su l a t i on wi th 
S U P E R F L O C as an a l t e r n a t e S U P E R F L O C exh ib i t s h i g h e r p e r f o r m a n c e than 
G A C - 9 , but the l a t t e r c u r r e n t l y offers a h i g h e r d e g r e e of d e v e l o p m e n t , as w e l l a s 
b e t t e r hand l ing , i n s t a l l a t i o n , i n s p e c t i o n , and l e p a i r c h a r a c * ' e r i s t i c s . Hovv-
e v e r , it is of i m p o r t a n c e to no t e tha t t h i s c h o i c e coj. 'd c h a n g e depend ing on 
the r e s u l t s of c u r r e n t NASA funded t echno logy s t u d i e s , a s w e l l a s the s p a c e 
s h u t t l e d e v e l o p m e n t p r o g r a m . 

P r o p e l l a n t Mana^^ement 

Of the v a r i o u s p r o p e l l a n t m a n a g e m e n t c o n c e p t s c o n s i d e r e d , p a s s i v e p r o 
p e l l a n t m a n a g e m e n t ( p a s s i v e s t r a t i f i c a t i o n ) w a s s e l e c t e d ba sed on the p o s s i b l e 
r e s i d u a l s r e d u c t i o n - - h e n c e s ign i f i can t pay load g a m s ove r the o the r c a n d i 
d a t e s . F u r t h e r m o r e , when c o m b i n e d wi th a j ud i c ious c a p i l l a r y d e v i c e d e s i g n 
for p r o p e l l a n t teed and l o c a t i o n c o n t r o l , t h e i n t e g r a t e d s y s t e m r e s u l t s m 
u n p r o v e d t h e r m a l c o n t r o l and o v e r a l l o p e r a t i o n a l s i m p l i c i t y . 

The p r e s s u r i z a t i o n a n a l y s i s h a s shown t h a t hot p r e s s u r a n t flow dur ing 
b o o t s t r a p p i n g and feedout a c t s to c r e a t e a s t r a t i f i e d u l l a g e . T e m p e r a t u r e 
g r a d i e n t s so induced a r e not n e c e s s a r i l y u n d e s i r a b l e and , indeed , m a y be 
d e s i r a b l e if e f fec t ive ly u t i l i z e d , A hot u l l a g e , if m a i n t a i n e d , r e s u l t s m low 
p r e s s u r a n t r e s i d u a l s at m i s s i o n t e r m i n a t i o n . T h e h i g h e r t ank w a l l t e m p e r a 
t u r e s d e c r e a s e h e a t l e a k s . In add i t i on , a s u b s t a n t i a l d e c r e a s e in boiloff p e r 
uni t of hea t l e a k can b e ga ined by ven t ing s u p e r h e a t e d r a t h e r than s a t u r a t e d 
h y d r o g e n . To d e r i v e t h e s e b e n e f i t s , p r o p e l l a n t s lo sh ing and i n t e r m i x i n g w i th 
the u l l a g e m u s t be p r e v e n t e d . Th i s is a c h i e v e d by a t w o - p r o n g e d a p p r o a c h : 
(1) RCS eng ine s i z ing and o p e r a t i o n a l logic tha t m i n i m i z e s veh ic l e d i s t u r b 
a n c e s , and (2) a s y s t e m of c a p i l l a r y d e v i c e s to c o n t r o l p r o p e l l a n t even if 
m a x i m u m v e h i c l e p e r t u r b a t i o n s do o c c u r . T h e r e f o r e , a d e s i g n u t i l i z i ng 
c a p i l l a r y d e v i c e s m a bulk p r o p e l l a n t c o n t r o l s c h e m e h a s b e e n deve loped to 
p r o v i d e feedout d u r i n g r e s t a r t , s t e a d y b u r n , and cooldown; to a s s u r e s l o s h 
c o n t r o l ; and to p r o v i d e eff ic ient t h e r m a l c o n t r o l , ven t ing , and p r e s s u r i z a t i o n . 
T h e d e s i g n is shown m F i g u r e s 2 1 , and 22 . C a p i l l a r y b a r r i e r s have been 
u s e d to d iv ide t h e t a n k into four m a j o r c o m p a r t m e n t s , n a m e d to d e n o t e t h e i r 
m a j o r funct ion . Beg inn ing at t h e f o r w a r d end of t h e t ank , t hey a r e : (1) u l l a g e 
c o m p a r t m e n t , (2) bu lk p r o p e l l a n t c o m p a r t m e n t , (3) cooldown c o m p a r t n a e n t , 
and (4) r e s t a r t c o m p a r t m e n t . 

^ 

35 
SD 71-466-1 



^ 

Space Division 
North American Rockwell 

CAPILLARY BARRIER 
COLLECTOR COMPARTMENT, 

COOLDOWN COMPARTMENT CAPILLARY BARKIER 

• TWO PERFORATED PLATES 
• HOLE SIZE -0.020 IN . 
• FRACTION OPENNESS = 0.45 
• CONICAL SHAPE 3 FT HEIGHT 

RESTART COMPARTMENT CAPILLARY BARRIER 
• TWO PERFORATED PLATES 
• HOLE SIZE -=0.025 I N . 
•FRACTION OPENNESS =0.35 
•CONICAL SHAPE I FT HEIGHT 

COLLECTOR C O M P A ' T M E N T 
CAPILLARY BARRIER 

• S INGLE,CONTOURED 
PERFORATED PLATE 

• HOLE S I Z E - 0 . 0 6 0 I N . 

• FRACTION OPENNESS 

- 0 - 0.55 

SECTION 
TYPICAL WICKING CLUSTER SECTION C-C SECTION A-A 

Figure 22. RNS Aft Section 

The bulk propellant capi l lary b a r r i e r is mounted and supported at the 
in tersect ion of the cyl indrical and aft bulkhead at a plane just above the p r o 
pellant level after the TLI burn. The b a r r i e r consis ts of two perforated 
plates one-half- inch apar t with 0. 060 inch chemical ly milled holes . The 
fraction of open a rea to total plate a rea for each plate is 0. 1. The plates 
a r e supported by radial and c i rcumferent ia l f r ames , conically shaped for 
s t ruc tu ra l purposes , with the apex located two feet above the base . This 
b a r r i e r will prevent all but inconsequential gas-l iquid interchange between 
compar tments for rotation ra tes and la te ra l , negative, and centrifugal 
acce le ra t ions due to vehicle maneuvers and per tu rba t ions . 

The r e s t a r t and cooldown compar tments a s s u r e adequate propellant 
flow at each engine r e s t a r t . Hole s ize and fraction openness differ from 
that of the bulk capi l lary b a r r i e r . They a r e , respect ive ly , 0. 020 inches 
and 0.45 openness fraction for the cooldown compar tment , and 0. 025 inches 
and 0. 35 openness fraction for the r e s t a r t compar tment . The cone height 
of the cooldown compar tment capi l lary b a r r i e r is t h r ee feet. Each com
par tment is cooled by a the rmal conditioning unit which is par t of the 
" thermodynamic" vent sys tem. The res ta r t^comgar tment . which has a 
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capacity^o£_5j)0_p£unds^ s u p p l i e s v a p o r - f x e g £irpp.ella.nt,.g.,t,each. €iBgmfi^r.e^tS.rt,5. 
T h i s c o m p a r t m e n t is a l s o d e s i g n e d to a s s u r e a d e q u a t e feedout for the l a s t 
p h a s e of t h e l a s t eng ine cooldown. Dur ing cooldown, p r o p e l l a n t is fed f r o m 
the r e s t a r t c o m p a r t m e n t to the c o l l e c t o r c o m p a r t m e n t (Sec t ion A - A , F i g u r e 2 

T h e cooldown c o m p a r t m e n t s u p p l i e s t h e bulk of t h e cooldown p r o p e l l a n t 
du r ing the m i s s i o n and is s i zed for " w o r s t c a s e " h y d r o d y n a m i c s for t h e l una r 
m i s s i o n . A s t h e bu lk c o m p a r t n a e n t is p a r t i a l l y d e p l e t e d , p r o p e l l a n t could b e 
d i s l o c a t e d to t h e u p p e r end of t h e c o m p a r t m e n t wh ich would lead to v a p o r p a s s 
a g e f r o m t h e bu lk to t h e cooldown c o m p a r t m e n t a s cooldown flow p r o c e e d s . 
To p r e c l u d e v a p o r p a s s a g e to t h e r e s t a r t c o m p a r t m e n t , V - s h a p e d wick ing 
c l u s t e r s h a v e b e e n added and a r e shown in t h e m a i n view and in Sec t ions B - B 
and C - C , in F i g u r e 22. T h e s e c l u s t e r s a r e s i zed to p r o v i d e c o o l d o w n J l o w 
to t h e r e s t a r t c o m p a r t m e n t u n d e r z e r o to m i n u s 10"^ g. Wick s i z e and s h a p e 
h a v e b e e n d e t e r m i n e d u s ing da ta f r o m NR i n - h o u s e s t u d i e s , 

F e e d o u t d u r i n g t h e l a s t coo ldown r e q u i r e s wick ing c l u s t e r s in t h e r e s t a r t 
c o m p a r t m e n t a l s o . T h e r e f o r e , t h e four V-shaped c l u s t e r s a r e ex tended to 
l ead fluid into t h e c o l l e c t o r . V - s h a p e d c h a n n e l s a r e spec i f ied as t hey a r e 
self e m p t y i n g , t h e r e b y r e d u c i n g t r a p p e d r e s i d u a l in t h e c o m p a r t m e n t . T h e 
c o l l e c t o r c a p i l l a r y b a r r i e r is c o n t o u r e d to the aft bu lkhead cap g e o m e t r y wi th 
cu tou t s to avoid t h e t w o - p u m p out le t l i n e s . F r a c t i o n o p e n n e s s is de s igned to 
i n c r e a s e f r o m 0 to 0. 55 w i th i n c r e a s i n g d i s t a n c e f r o m t h e c e n t e r l i n e . Th i s 
is done to p r e v e n t v a p o r p u l l - t h r o u g h ( i n t e r f a c e dip) over the out le t l i n e . P e r 
f o r a t i o n s i z e is 0. 060 i n c h e s . 

T h e vent sys tenn o r i g i n a t e s at t h e aft end of t h e c o n i c a l aft bu lkhead as 
shown in F i g u r e 23 , w h e r e t h e t h e r m o d y n a m i c ven t t u b e s a r e mani fo lded 
and , in t u r n , c o n n e c t e d to t h e cooldown l ine by way of a t h r o t t l i n g v a l v e . The 
t u b e s e m a n a t i n g f r o m t h i s aft mani fo ld have a h e m i s p h e r i c a l c r o s s - s e c t i o n 
and r u n in p a r a l l e l t h e l e n g t h of the v e h i c l e to i n t e r m e d i a t e man i fo ld s un t i l 
they r e a c h the m o s t f o r w a r d m a n i f o l d wh ich d i s c h a r g e s o v e r b o a r d t h rough two 
s y m m e t r i c a l l y p l a c e d v e n t h e a d s . This d e s i g n , wh ich is in effect an o p e n - l o o p 
r e f r i g e r a t i o n s y s t e m , o p e r a t e s by w i t h d r a w i n g l iquid t h rough the cooldown l ine 
and expand ing the l iquid to a low^er t e m p e r a t u r e and p r e s s u r e . The s y s t e m is 
a c t i v a t e d by both tank p r e s s u r e and l iquid t e m p e r a t u r e . 

In con junc t ion wi th the p r o p e l l a n t m a n a g e m e n t s y s t e m , g round and o r b i t 
fill p o r t s , g round p r e s s u r i z a t i o n , and v e n t and au togenous p r e s s u r i z a t i o n l ines 
a r e shown in the f o r w a r d end of the s t a g e . The g round fill l ine doubles as an 
e m e r g e n c y v e n t d u r i n g o r b i t a l o p e r a t i o n s wh i l e the o r b i t a l fill l ine is u s e d a s 
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F i g u r e 23 . RNS P r o p e l l a n t S y s t e m 

a g round vent s t a n d p i p e d u r i n g p r e l a u n c h and l aunch o p e r a t i o n s . Th i s is p o s s 
ib le s i n c e the s t a n d p i p e ex tends to t h e apex of t h e aft bu lkhead and i s , t h e r e f o r e , 
not c o v e r e d by p r o p e l l a n t d u r i n g l aunch b e c a u s e t h e s t a g e is i n v e r t e d . The 
a u t o g e n o u s p r e s s u r i z a t i o n l ine r u n s t h e l eng th of t h e v e h i c l e and i n t e r f a c e s wi th 
N E R V A . It is a 2. 25 inch d i a m e t e r l i ne l oca t ed wi th in t h e s y s t e m s tunne l and 
ends in a d i f fuser in t h e u l l a g e c o m p a r t m e n t . Ground p r e s s u r i z a t i o n u s e s t h e 
s a m e d i f fuser a s shown in the top view of t h e s t a g e . 

A s t r i o n i c s and A u x i l i a r y P r o p u l s i o n 

T h e a s t r i o n i c s bay shown in F i g u r e 24 con t a i n s a l l t h e e l e c t r o n i c e q u i p 
m e n t inc luding g u i d a n c e , nav iga t i on , c o n t r o l s , c o m m u n i c a t i o n , and t h e NERVA 
NDIC, In add i t ion , RCS, e l e c t r i c a l power s y s t e m , and e n v i r o n m e n t a l c o n t r o l 
a r e housed in t h i s a r e a . T h e d i s t r i b u t i o n of t h e equ ipmen t both wi th in and 
wi thout t h e a s t r i o n i c s bay is d i s p l a y e d in the f i gu re . A l l i n s t r u m e n t a t i o n and 
c o m p o n e n t s ident i f ied d u r i n g t h e c o u r s e of the s tudy a r e shown. 

The i n a j o r i t y of t h e i n s i d e s u r f a c e is c o v e r e d by the two RCS p r o p e l l a n t 
t a n k a g e q u a d r a n t s wi th a t h i rd q u a d r a n t occupied m a i n l y by t h e t h r e e fuel 
c e l l s r e q u i r e d wi th t h e i r a s s o c i a t e d i n v e r t e r s and c o n t r o l s . A l s o shown a r e 
the two b a t t e r i e s r e q u i r e d d u r i n g p e a k NERVA o p e r a t i o n s . The NDIC is 
l oca t ed nex t to the e l e c t r i c a l power s y s t e m . T h e l a s t i n t e r n a l q u a d r a n t is 
u sed for t h e i n s t r u m e n t a t i o n connec t ed wi th h o r i z o n s e n s o r s , c o i n m u n i c a t i o n , 
s t a t i o n - k e e p i n g and dock ing , IMS c o m p u t e r and R A C U ' s . F o u r i n e r t i a l 
m e a s u r i n g un i t s a r e shown; h o w e v e r , s ix a r e now r e q u i r e d b a s e d on s u b 
sequen t r e l i a b i l i t y a n a l y s i s . 
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The e x t e r n a l s u r f a c e of the a s t r i o n i c s bay is m o s t l y c o v e r e d wi th the 
e n v i r o n m e n t a l c o n t r o l s y s t e m r a d i a t o r s and by t h e four RCS pods . In a d d i 
t ion , t he s t a r t r a c k e r s , the c o m m u n i c a t i o n a n t e n n a , ULTRA t r a c k e r , four 
h o r i z o n s e n s o r s , and the r e n d e z v o u s and docking equ ipmen t ( c o n s i s t i n g 
of TV c a m e r a , l a s e r r a d a r c h a s e r and t a r g e t , and the X-band r a d a r an tenna) 
occupy t h e r e m a i n i n g a v a i l a b l e s p a c e . 

As c a n be s e e n , t h e s u r f a c e and v o l u m e occupied by e l e c t r o n i c s and 
e q u i p m e n t o t h e r t han the RCS and i ts p r o p e l l a n t s is r e l a t i v e l y s m a l l . T h e i r 
r e l o c a t i o n to su i t add i t i ona l or new m a i n t e n a n c e r e q u i r e m e n t s can be r e a d i l y 
a c c o m m o d a t e d . 

An a u t o n o m o u s g u i d a n c e and nav iga t i on s y s t e m h a s b e e n defined for t h e 
RNS to p r o v i d e m a x i m u m f lex ib i l i ty for c a r r y i n g out l u n a r / g e o s y n c h r o n o u s 
o r b i t s h u t t l e m i s s i o n s . The c a p a b i l i t y m i n i m i z e s the need of e a r t h b a s e d 
o p e r a t i o n s o t h e r t han for m o n i t o r i n g , flight s c h e d u l i n g , and r e s u p p l y . 
A n o t h e r obvious a d v a n t a g e to p rov id ing the RNS wi th a c o m p l e t e l y a u t o n o m o u s 
c a p a b i l i t y is tha t r e d u n d a n t equ ipmen t is p r o v i d e d for b a c k u p by t h e MSFN 
d u r i n g o r b i t - t o - o r b i t t r a n s f e r s , inc luding t r a n s - e a r t h and t r a n s l u n a r f l igh t s , 
and by bo th the M S F N and a n o t h e r a u t o n o m o u s v e h i c l e du r ing r e n d e z v o u s and 
dock ing . 

F o r the RCS, a s u p e r c r i t i c a l s t o r a g e g a s e o u s O2 /H2 s y s t e m is r e c o m 
m e n d e d b e c a u s e t h e concep t exh ib i t s a m i n i m u m amoun t of d e v e l o p m e n t p r o b 
l e m s . T h e s u p e r c r i t i c a l s t o r a g e concep t for both h y d r o g e n and oxygen has 
b e e n used in p r e v i o u s s p a c e c r a f t so va luab l e d e v e l o p m e n t e x p e r i e n c e is 
a l r e a d y a v a i l a b l e . Add i t i ona l ly , t h i s t ype of s y s t e m e l i m i n a t e s the p r o b l e r a 
of p r o p e l l a n t a c q u i s i t i o n s i n c e s u p e r c r i t i c a l s t o r a g e a s s u r e s s i n g l e p h a s e 
d e l i v e r y r e g a r d l e s s of t h e g r a v i t a t i o n a l c o n d i t i o n s . 

Of t h e e l e c t r i c a l p o w e r s y s t e m s c o n s i d e r e d , t h e fuel c e l l s / b a t t e r y c o n 
cept v/as found to b e p a r t i c u l a r l y a t t r a c t i v e s i n c e r e a c t a n t supply could be 
a v a i l a b l e f r o m t h e p r o p e l l a n t depot b e t w e e n m i s s i o n c y c l e s and r e a c t a n t t a n k 
a g e r e q u i r e m e n t s c o m b i n e wi th t h o s e of t h e RCS. T h e r e f o r e , 0 2 / H p fuel 
c e l l s h a v e b e e n s e l e c t e d to supp ly t h e p r i m a r y load t h r o u g h o u t t h e RNS m i s s i o n 
c y c l e . T h i s s e l e c t i o n h a s b e e n m a d e c o n s i d e r i n g tha t fuel c e l l s a r e a s p a c e 
p r o v e n e n e r g y s o u r c e , exhibi t a low spec i f i c we igh t for t h e m i s s i o n d u r a t i o n s 
of i n t e r e s t , and g e n e r a l l y h a v e n o n - c a t a s t r o p h i c f a i l u r e m o d e s and m e a s u r a b l e 
d e g r a d a t i o n f a c t o r s wi th r e l a t i v e l y long l i fe . C u r r e n t d e s i g n s exhib i t a c t i v e 
l i f e t i m e s of 2, 000 h o u r s wi th s o m e l a b o r a t o r y e v i d e n c e tha t l i f e t ime can b e 
p o t e n t i a l l y ex tended to 10, 000 h o u r s . I n - o r b i t r e p l a c e m e n t a n d / o r m a i n t e n 
a n c e can b e effected m o r e r e a d i l y than for s o l a r a r r a y p o w e r s o u r c e s . D e g r a 
da t ion due to r a d i a t i o n effects wi l l b e l e s s s e v e r e for a fuel c e l l concep t t h a n 
for a s o l a r a r r a y . Add i t i ona l l y , fuel c e l l s a l low g r e a t e r s y s t e m f lex ib i l i ty 
and g r o w t h f ac to r to m e e t v a r y i n g load r e q u i r e m e n t s s i n c e m o s t of t h e s u b 
s y s t e m weigh t is due to t h e r e a c t a n t s r e q u i r e d to m e e t load e n e r g y r e q u i r e 
m e n t s . 
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R E L I A B I L I T Y AND S A F E T Y 

I n v e s t i g a t i o n s in t h e s e a r e a s w e r e o r i e n t e d to a n a l y s e s of t h e m a j o r s u b 
s y s t e m s in t h e a l t e r n a t e s t a g e c o n f i g u r a t i o n s v. ith e m p h a s i s on t h e s e l e c t e d 
b a s e l i n e d e s i g n , i. e. , a s i ng l e t ank c o n i c a l con f igu ra t i on wi th an aft bu lkhead 
g e o m e t r y employ ing an 8 - d e g r e e half c o n e - a n g l e and a 2 5 - i n c h end cap r a d i u s . 
Add i t i ona l l y , r e l i a b i l i t y and sa fe ty a n a l y s i s t e c h n i q u e s w e r e u t i l i zed t h r o u g h o u t 
P h a s e III to e n s u r e both a high p r o b a b i l i t y of m i s s i o n b u c c e s s for c a n d i d a t e 
RNS m i s s i o n s and to e l i m i n a t e po t en t i a l l y h a z a r d o u s m i s s i o n o p e r a t i o n s t h a t 
could e n d a n g e r the sa fe ty of t h e e a r t h ' s popu la t ion a n d / o r p e r s o n n e l m s p a c e . 

R e l i a b i l i t y s t u d i e s of t h e m a j o i s u b s y s t e m s and c o m p o n e n t s r e s u l t e d m 
the e l i m i n a t i o n of a l l s i n g l e point f a i l u r e s , w i th the excep t ion of t h e m a m p r o 
pe l l an t t ank . R e l i a b i l i t y logic d i a g r a m s , fault t r e e a n a l y s i s , and f a i l u r e 
m o d e and c r i t i c a l i t y a n a l y s e s ( F M E C A ) w e r e t h e p r i n c i p a l t oo l s e m p l o y e d m 
r e l i a b i l i t y a n a l y s e s of t h e s u b s y s t e m s b a s e d on c u r r e n t N A S A - a c c e p t e d 
fail o p e r a t i o n a l / f a i l safe ( F O / F S ) and fail o p e r a t i o n a l / f a i l o p e r a t i o n a l / f a i l 
sa fe ( F O / F O / F S ) c r i t e r i a for m e c h a n i c a l and e l e c t r i c a l c o m p o n e n t s , 
r e s p e c t i v e l y . Typ ica l F M E C A ' s a r e shown m Table 4 . 

T a b l e 4 . T y p i c a l F a i l u r e M o d e s , E f f e c t s , & 
C r i t i c a l i t y R e l a t i o n s h i p s 
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X 
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X 
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X 
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X 

X 

X 
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X 

X 
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X 

X 

X 

X 
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, 
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1 

II 

II 

II 

II 

II 

II 
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III 

III 

III 
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F M E C A ' s for t h e m a j o r s u b s y s t e m s w e r e p e r f o r m e d for the t h r e e c r i t i 
c a l i t y c a t e g o r i e s u t i l i z e d in t h e P h a s e II s tudy ( r ang ing f rom f a i l u r e s that down
g r a d e a m i s s i o n to t h o s e c a p a b l e of c aus ing p e r s o n n e l in jury or m i s s i o n l o s s ) . 
In a d d i t i o n to t h e m a i n p r o p e l l a n t t ank s ing l e point f a i l u r e , t he e l e c t r i c a l 
p o w e r s u b s y s t e m did not fully m e e t the F O / F O / F S c r i t e r i o n and would r e q u i r e 
t h e add i t ion of a fou r th i n v e r t e r and a four th fuel c e l l . H o w e v e r , it was r e c o m 
m e n d e d tha t a d e c i s i o n in th i s r e g a r d be de l ayed pending a v a i l a b i l i t y of a d d i 
t i o n a l t e s t and f a i l u r e r a t e da ta for t h e s e c o m p o n e n t s , 

A highly r e d u n d a n t capab i l i t y v^/as i n c o r p o r a t e d into the m a j o r c o m p o n e n t s 
for t h e GN&C s u b s y s t e m ( F i g u r e 25). Mos t of t h e s e c o m p o n e n t s can p e r f o r m 
dual f u n c t i o n s , t h e r e b y a s s u r i n g at l e a s t d e g r a d e d p e r f o r m a n c e even wi th the 
h ighly i m p r o b a b l e t o t a l l o s s of a m a j o r c o m p o n e n t . S i m i l a r l y , r e d u n d a n c y 
w a s i n c o r p o r a t e d into the m a j o r c o m p o n e n t s of the m a i n p r o p u l s i o n s u b s y s t e m 
and the RCS. F o r e x a m p l e , it w a s d e t e r m i n e d tha t the l o s s of an oxygen t ank 
in the RCS would r e s u l t in a de f ic iency of s e v e r a l h u n d r e d pounds r e a c t a n t 
c a p a c i t y in o r d e r to a s s u r e safe r e t u r n f r o m the l una r shu t t l e m i s s i o n af ter a 
17-day s tay p e r i o d at the m o o n , once the c o m m i t m e n t for e a r t h r e t u r n i s 
m a d e . S ince the i n s t a l l a t i o n of a s m a l l t h i r d O2 t ank w a s d e t e r m i n e d f e a s i b l e , 
it w a s r e c o m m e n d e d t h a t it be added to the RCS to a s s u r e a d e q u a t e p r o p e l l a n t 
r e s e r v e . 

ACCELEROMETERS HORIZON SENSOR HEADS 

GROUND 
TRACKING 

TARGET VEHICLE 
TRACKING 

F i g u r e 25. GN&C F a i l u r e A v o i d a n c e T h r o u g h Redundancy and 
M a i n t a i n a b i l i t y 
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A r e v i e w of t h e r e l i a b i l i t y a p p o r t i o n m e n t p e r f o r m e d dur ing t h e P h a s e II 
s tudy w a s a c c o m p l i s h e d and ind ica ted no n e c e s s a r y c h a n g e s at th i s t i m e , p a r 
t i c u l a r l y m view of m c r e a s m g e m p h a s i s on t h e F O / F S c r i t e r i o n a s a m e a n s 
of p rov id ing r e l i a b l e and safe m i s s i o n o p e r a t i o n s . Add i t i ona l ly , t he m a i n 
t a i n a b i l i t y concep t for RNS l u n a r s hu t t l e a p p l i c a t i o n w a s des igned to inc lude 
p r o v i s i o n s for r e p l a c e m e n t of p a r t s and c o m p o n e n t s such tha t u n s c h e d u l e d 
c o m p o n e n t r e p l a c e m e n t can b e a c c o m p l i s h e d m c a s e of a r a n d o m f a i l u r e . 
C o n s e q u e n t l y , t h i s a p p r o a c h to m a i n t a i n a b i l i t y w a s a l s o found to e n h a n c e 
t o t a l m i s s i o n s u c c e s s p r o b a b i l i t y as shown for r e d u n d a n t s t a r t r a c k e r s m 
F i g u r e 25. C u r v e B in t h e f i gu re d e m o n s t r a t e s the n c r e a s e m m i s s i o n r e l i a 
b i l i ty a t t a i n a b l e ove r a span of t e n m i s s i o n s by effecting the n e c e s s a r y m a i n 
t e n a n c e b e t w e e n m i s s i o n s a s c o m p a r e d to C u r v e A for an u n m a i n t a m e d s y s t e m . 

Both t h e n u c l e a r and n o n - n u c l e a r safe ty i m p l i c a t i o n s of RNS launch o p e r a 
t ions a t KSC w e r e i n v e s t i g a t e d . T h e w e l l - e s t a b l i s h e d safe ty p r o c e d u r e s and 
e x c l u s i o n a r e a s for S a t u r n V l a u n c h v e h i c l e s w e r e found to b e a d e q u a t e for 
both t h e s p a c e shu t t l e and I N T - 2 1 l aunch o p e r a t i o n s of the RNS. The c u r r 
ent n u c l e a r s a f e g u a r d s employed by t h e NERVA engine for t h e g round t e s t 
p r o g r a m a p p e a r a d e q u a t e to e l i m i n a t e p o t e n t i a l l y h a z a r d o u s o c c u r r e n c e s 
d u r i n g l aunch o p e r a t i o n s . 

N o r m a l flight o p e r a t i o n s w e r e shown to b e wi th in e s t a b l i s h e d r a d i a t i o n 
safe ty c r i t e r i a for r e p r e s e n t a t i v e RNS m i s s i o n s . NR c o n c e p t s for RNS m i s s 
ion t r a j e c t o r i e s w e r e t a i l o r e d to avoid NERVA eng ine f i r i ngs m t h e v i c in i t y 
of o the r s p a c e p r o g r a m e l e m e n t s ( F i g u r e 26). P r i o r to d e p a r t i n g an RNS o p e r a t i o n s 
o r b i t , s e p a r a t i o n d i s t a n c e ( a l t i t ude and o rb i t phas ing ) b e t w e e n t h e s t a g e and 
o t h e r s p a c e p r o g r a m e l e m e n t s ( p r o p e l l a n t depot , o rb i t i ng l u n a r s t a t i o n , o r 
s y n c h r o n o u s o r b i t s p a c e s t a t ion) i s a c h i e v e d t h r o u g h u s e of t h e RCS. A n c i l l 
a r y o p e r a t i o n s s u c h a s r e n d e z v o u s and dock ing , c r e w t r a n s f e r , o r b i t a l r e f u e l 
ing, and ima in tenance h a v e b e e n shown f e a s i b l e for t h e RNS b a s e l i n e d e s i g n if 
conduc ted at t h e f o r w a r d end of t h e v e h i c l e . H o w e v e r , o p e r a t i o n s n e a r t h e 
aft end of t h e t ank and in t h e a r e a of t h e e n g i n e / s t a g e i n t e r f a c e w e r e shown to 
b e l i m i t e d d u e to t h e NERVA p o s t - s h u t d o w n r a d i a t i o n e n v i r o n m e n t . H o w e v e r , 
a d d i t i o n a l sh i e ld ing can be m i n i m i z e d if suff ic ient d e c a y t i m e is a l lowed a f t e r 
t h e l a s t eng ine f i r ing p r i o r to s c h e d u l e d o p e r a t i o n s . F o r e x a m p l e , a d e c a y 
t i m e of 24 h o u r s w i l l effect a r e d u c t i o n in g a m m a k e r m a r a t e of 1. 4 to 1. 6 x 
105 c o m p a r e d to t h e n o r m a l NERVA o p e r a t i n g p o w e r l e v e l . Add i t i ona l l y , an 
u n m a n n e d s p a c e tug a f fo rds a p o t e n t i a l l y a t t r a c t i v e m e t h o d for p e r f o r m i n g 
c e r t a i n s p a c e o p e r a t i o n s in t h e aft end of t h e v e h i c l e ( e . g. , eng ine d i s p o s a l ) . 
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r ITIALCO^DIIIOf|S 
o Rf.S.'TOX 770' n i 
/ i PO 260X200-J HI 2 5" AHEAD 

NERVA FULL POWER DOSE RATE (REM/HR) 
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1 

3 

5 

10 

15 

FORWARD 
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NEGLIGIBLE 

NEGLIGIBLE 

NEGLIGIBLE 
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) 
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48 

17 
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2 

n 
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170 

43 

19 

AFT 

^ 
2.9 X 10^ 

31 

1 1 

2 9 

1 2 

n 

7.9X 103 

870 

310 

79 

34 

Figure 26. Operat ions Related to Engine Run Radiation 

Pe r fo rmance and t ra jec tory analysis of lunar shuttle miss ions for abnormal 
or emergency operat ions involving degraded propulsion capability could con
clude with the RNS in a highly ell iptical ear th or lunar orbit . It was d e t e r , 
mined that safe re tu rn of the RNS crew to the earth operations orbit or to an 
OLS by means of a space tug (80, 000 pounds LH2 propellant capacity) is p o s s 
ible. However, complete loss of NERVA propulsion in the aforementioned 
phases of the miss ion could possibly resul t in loss of the RNS although crew 
module propulsion (life boat concept) could al leviate a number of these s i tua
t ions. However, the p re l imina ry a s s e s s m e n t of feasible abort modes shown 
in Table 5 indicates that most of the emergency situations can be accommo
dated for the lunar shuttle miss ion . Additionally, an emergency or abnormal 
operat ions mat r ix was developed for the lunar shuttle miss ion to implement 
the contingency planning p r o c e s s . 

Analysis of potential ear th impact accidents for lunar miss ions indicated 
that the most hazardous conditions could a r i s e during the EOI maneuver as 
a resul t of (1) thrus t at the wrong att i tude, and (2) fai lure to shut down NERVA 
after the EOI burn. However, it was concluded that provis ions for diagnostics 
within the GN&C subsys tem (e .g . , incipient fai lure detection, manual over r ide 
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Table 5. Abort Maneuvering Alternat ives for Lunar Shuttle Mission 
^ V A I l A B l f 

\ ^ O P U L S I O N 

MISSION P H A S E \ 

Translunv 
Injtction 

Translunar 
Coast 

Lunar Orbit 
Insertion 

Lunar Orbit 
Coast 

Transearth 
IniKtion 

Transearth 
Coast 

Earth Orbit 
Insertion 

NERVA 
NOMINAL 

PERFORMANCE 

Direct return to Ops 
EO 

Direct return to ell. 
EO. Circumlunar 
return to ell. EO. 
Proceed to LO. 

Proceed to LO 
Circumlunar return 
to ell. EO 

Immediate return 
to ell. EO wth or 
w/o PL exchanqe 

Direct return to 
circ LO 
Proceed to ops EO 

Proceed to Ops EO 
Return to ell. LO 
If early abort 

Proceed to Ops EO 

MRVA 
EMERGENCY 

MODE 

Direct return to Ops 
EO for S V<8000 fps. 
to ell EO for ^V > 
78,000 fps 

Direct return to ell. 
EO. Circumlunar 
return to ell. EO 
Proceed to LO. 

Proceed to LO 
Circumlunar return 
to ell. EO 

Immediate return to 
ell. EO after PL 
exchange 

Direct return to 
cir. LO 

Proceed to ell. EO 
Return to ell. LO 
i( early abort 

Proceed to ell. EO 

RCS TRANSLATION 
NOMINAL 

PERFORMANCE 

Reduce full EO period 
If main propulsion 
fails at end of TLI 

None - Keep attitude 
control 

None - Keep attitude 
control 

None - Keep attitude 
control 

Complete Til if mam 
propulsion fails near 
end 

None - Keep attitude 
control 

Reduce ell. EO period 
If mam propulston fails 
at beginning of EOI 

PROPULSIVE 
VENTING 

Same as RCS 

None 

Reduce speed 
slightly to aid 
rescue 

None 

Same as RCS 

None 

Same as RCS 

SPACE TUG 
80K SINGlf STAGE 

IWITH RNS PROPELLANT 
TANK EMPTY! 

Retrieve RNS • PL up to 
3500 Ips , CM up to 
10,000 fps 

Retrieve RNS -» PL after 
abort to ell. EO 
Hyperbolic retrieval of 
CM to LO 

Complete LOI with RNS 
+ OL 
Hyperbolic retrieval 
of CM to LO 

Return RNS + PL to 
12 hr EO 
Return CM to 3 hr EO 

Return RNS to LO 
after subparabolic 
abort. Retrieve RNS + 
PL in ell. EO up to 
5500 fps, CM up to 
10,000 fps 

Retrieve RNS + PL 
after abort to ell. EO 
Retrieve to EO as 
above 

Complete EOI with RNS 
• PL or CM 

CRITICAL 
AREAS 

Loss of main 
propulsnn 
at near para
bolic spead 

Failure to 
thrust 

lx>v of main 
propulston at 
hyperbolic 
speed 

Failure to 
thrust 

capability on the NERVA reac tor control c i rcu i t ry , etc. ) could preclude the 
most hazardous ear th impact accidents and thei r subsequent consequences to 
the ea r th ' s population. 

MANUFACTURING REQUIREMENTS 

The Phase III study was oriented towards evaluation of a l t e rna te stage 
configurations exhibiting high fineness ra t io conical aft bulkheads and a l t e rna te 
launch modes (inverted RNS tank att i tude on INT-21 with shuttle del ivery of 
NERVA to orbit) . The major a r ea s requir ing evaluation included manufact
uring feasibility utilizing production techniques applicable to MAF and Seal 
Beach as well as uti l ization of existing S-IC and /o r S-II tooling, faci l i t ies , 
and GSE. A number of a l t e rna te fabrication techniques for a long RNS tank 
w e r e evaluated to take advantage of existing facili t ies and equipment. 
The most a t t rac t ive and cost effective technique was found to be weld, join
ing the tank cylinder a s sembl i e s c i rcumferent ia l ly , the conical aft bulkhead 
longitudinally, and stage closeout in a horizontal attitude (Figure 27). 
With this fabr ica t ion /assembly technique, maximum util ization of S-IC and /o r 
S-II tooling, faci l i t ies , GSE, and technical skil ls is provided. This approach 
allows for an i nc r ea se in major assembly s ize , and consequently this will 
reduce the number of s t ruc tu ra l components which contr ibutes to cost avoid
ance . 
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BLKD GORES 

CIRCUM 
WELD JOINT 

OL/ 

AFT SKIRT INST 
TO CYL ASSEMBLY 

CONIC BLKD AFT 
SEG VERT WELD 

BLKD AFT 
CONIC SECT 

LONGITUDINAL 
WELD JOINT 

INTERMEDIATE BLKD 
VERTICAL WELD 
PANEL ASSY 

FINAL SYSTEMS INSTL/CHECK OUT 
STAGE ALIGNMENT CHECK 

Figure 27. Tank Manufacture and Assembly Flow Sequence 

The application and process ing of spray foam insulation on the tank 
will be accomplished by utilizing the existing S-II equipment. However, 
new facili t ies and tooling will be requ i red for the scalloping requ i red on 
the spray foam and for the installation of the high per formance insulation 
(HPI). The manufacturing p r o c e s s and r equ i r emen t s for the buildup of 
GAC-9 HPI blankets will follow techniques current ly being developed under 
cont rac t by NR (Figure 28). 

INNER METEOROID 
BUMPER 

OUTER BUMPER 
GAC-9 MODULES 
INNER BUMPER 
FOAM INSULATION 

SECTION A-, 
(FINAL HPI JOINT METHOD) 

HPI SUB-ASSYS JOINED 
TO FORM 1/4 CYL SECT 

SECTION B-B 
TYP HPI JOINING 
(CIRCUM AND HORIZ) 

A^^zi : r : 

SPRAY/MACHINE FOAM INSULATION ON 
CONICAL BLKD AND CYL SECT 
INSTALL GAC-9 HPI ON TANK FWD 
BLKD, CONICAL BLKD CYL 

Figure 28. HPI and Meteoroid Shield Installation 
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The l i m i t e d a n a l y s i s conduc t ed with r e f e r e n c e to the i n s t a l l a t i o n of 
the H P I , inc lud ing the m e t e o r o i d p r o t e c t i o n s h i e l d , shows tha t s u b a s s e m b l y 
s e c t i o n s ( a p p r o x i m a t e l y five fee t by ten fee t , c o m p o s e d of an i nne r b a r r i e r , 
t h r e e G A C - 9 b l a n k e t s , and an o u t e r b a r r i e r ) w^ill have edges s t e p p e d to 
p r o v i d e n e c e s s a r y j o i n t o v e r l a p when a t t a c h e d to the nex t s u b a s s a s s e m b l y . 
J o i n t o v e r l a p a r e a and con f igu ra t i on wi l l be d e t e r m i n e d by i n s u l a t i o n 
s y s t e m d e s i g n . The s i z e and c o n f i g u r a t i o n of the p r e f o r m e d s u b a s s e m b l i e s 
is d i c t a t e d by loca t ion on the s t a g e . 

To m a x i m i z e u s e of a v a i l a b l e too l ing , f a c i l i t i e s , and s k i l l , the pane l 
s u b a s s e m b l i e s wi l l be j o ined into l a r g e r s u b a s s e m b l i e s p r i o r to i n s t a l l a t i o n 
onto the s t a g e . All i n s u l a t i o n , e x c e p t s p r a y foam, wi l l be i n s t a l l e d w h i l e 
the s t a g e is in a h o r i z o n t a l p o s i t i o n . G e n e r a l l y , m a x i m u m s i z e pane l s u b 
a s s e m b l y bu i ldup wi l l be u s e d to m i n i m i z e the n u m b e r of i nd iv idua l s e g 
m e n t s i n s t a l l e d on the s t a g e . 

T E S T R E Q U I R E M E N T S 

The p r i m a r y ob j ec t i ve of this effor t w a s to e s t a b l i s h t e s t p r o g r a m 
g r o u n d r u l e s as an a id in def ining d e s i g n o p e r a t i o n a l r e q u i r e m e n t s , t e s t 
f a c i l i t i e s , t e s t a r t i c l e s , and a p r e l i m i n a r y t e s t s c h e d u l e c o m p a t i b l e wi th 
the s t u d y gu ide l ines f i r s t f l ight t e s t in m i d - C Y 1979 and IOC in CY 1981 , 
With in this ob j ec t i ve w a s the d e v e l o p m e n t of t e s t c r i t e r i a and the r a t i o n a l e 
n e c e s s a r y to a t t a i n the r e q u i r e d o p e r a t i o n a l conf idence a t e a c h t e s t l eve l 
c o m m e n s u r a t e wi th p r o g r a m goals of low c o s t t r a n s p o r t a t i o n , f l ex ib i l i ty 
of o p e r a t i o n , r e l i a b i l i t y , and s a f e t y . To a c c o m p l i s h t h e s e g o a l s , four 
a l t e r n a t e g round t e s t p r o g r a m s w e r e e v a l u a t e d . The a l t e r n a t e s e m p l o y e d 
d i f f e ren t ly con f igu red t e s t a r t i c l e s as s u m m a r i z e d below: 

1. The b a s e l i n e p r o g r a m e m p l o y e s four s t a g e s of a l l f l ight h a r d w a r e . One 
a r t i c l e , R N S - T A - 1 , is u s e d for both co ld flow and hot t e s t p r o g r a m s . 

2. The b o i l e r p l a t e c o n c e p t u s e s a f u l l - s i z e tank f a b r i c a t e d of heavy 
gauge m a t e r i a l (non- f l igh t weight ) for both co ld flow and hot t e s t s . 
O t h e r t e s t a r t i c l e s a r e c o m m o n wi th the b a s e l i n e p r o g r a m . 
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3. In t h e m i n i - s t a g e a p p r o a c h , an S-II f o r w a r d bu lkhead and one c y l i n d e r 
s e c t i o n w i th a new flight conf igu red c o n i c a l aft bu lkhead a r e u s e d for 
s t r u c t u r a l , cold flow, and ho t t e s t i n g . T h i s a l t e r n a t e p r o g r a m r e q u i r e s 
a d y n a m i c t e s t a r t i c l e , R N S - T A - 2 , and an e n g i n e e r i n g m o c k u p c o n s t r u c t e d 
of wood . 

4 . T h e g r o u n d t e s t m o d u l e (GTM) a l t e r n a t i v e e m p l o y s a c o m p o s i t e cold f low/ 
hot t e s t s t a g e of r e g u l a r s i z e f a b r i c a t e d f r o m ex i s t ing S-II h a r d w a r e and 
a new fl ight con f igu red c o n i c a l aft b u l k h e a d . O t h e r h a r d w a r e is c o m m o n 
wi th t h e b a s e l i n e . 

E v a l u a t i o n of t h e a l t e r n a t e t e s t p r o g r a m s i n d i c a t e d t h a t t he b a s e l i n e 
a p p r o a c h , w i th a l l s t a g e s bu i l t to f l ight h a r d w a r e s p e c i f i c a t i o n s , h a s a 
l ower c o s t for t h e t a r g e t e d r e l i a b i l i t y ( 9 5 - p e r c e n t ) and conf idence l e v e l 
( 9 0 - p e r c e n t ) t h a n t h e o t h e r a l t e r n a t i v e s . Add i t i ona l l y , i t r e f l e c t s t h e 
m o s t a t t r a c t i v e t i m e span and t e s t i n g s e q u e n c e u s e d in the d e v e l o p m e n t 
of t h e s c h e d u l e , bu t d o e s no t q u i t e m e e t t h e g u i d e l i n e lOO d a t e . P r e 
l i m i n a r y v a r i a b l e and f ixed c o s t s of f a c i l i t i e s , t e s t a r t i c l e s , GSE, and 
t e s t o p e r a t i o n s a n d d u r a t i o n s w e r e i n c o r p o r a t e d in t h e a n a l y s i s . T h e 
r e s u l t s showed c o s t r e d u c t i o n s for t h e b a s e l i n e f l ight c o n f i g u r e d d e v e l o p 
m e n t t e s t p r o g r a m on t h e o r d e r of 8 p e r c e n t l e s s t h a n t h e GTM, 33 
p e r c e n t l e s s t han the b o i l e r p l a t e , and 46 p e r c e n t l e s s t han t h e m i n i -
s t a g e p r o g r a m s . 

T h e d e v e l o p m e n t t e s t p r o g r a m a p p r o a c h r e q u i r e s i ndependen t h y d r o s t a t i c 
t e s t i n g of t h e f o r w a r d and aft bu lkhead wi th s e v e r a l c o m b i n a t i o n s of c y l i n d r i 
ca l s e c t i o n s . T h e s e a s s e m b l i e s t hen w i l l be m a t e d wi th t h e n e c e s s a r y t ank 
c y l i n d e r s to f o r m t h e b a s i c fl ight t ank and w i l l b e p n e u m o s t a t i c a l l y t e s t e d 
to p e r m i t e a r l y iden t i f i ca t ion of weld a s s e m b l y d e f i c i e n c i e s and p r o v i d e 
a s s u r a n c e t h a t t h e c o m p l e t e d a s s e m b l y w i l l m e e t d e s i g n r e q u i r e m e n t s . 

T h e s t r u c t u r a l t e s t a r t i c l e (RNS-S) t h e n w i l l b e r e a l l o c a t e d for u l t i m a t e 
u s e a s an e n g i n e e r i n g d i m e n s i o n a l s i m u l a t o r at t h e m a n u f a c t u r i n g s i t e to 
p r o v i d e a c o n f i g u r a t i o n inockup of m a j o r s u b s y s t e m c o m p o n e n t s , w i r e h a r 
n e s s e s , b r a c k e t r y , t ub ing , and o the r s t a g e i n t e r f a c e s . Th i s a p p r o a c h w i l l 
p e r m i t e a r l y i den t i f i ca t ion of p o s s i b l e con f igu ra t i on i n t e r f e r e n c e s and o t h e r 
p o t e n t i a l e n g i n e e r i n g d e s i g n d e f i c i e n c i e s . T h i s , in t u r n , w i l l m i n i m i z e 
f l ight a r t i c l e e n g i n e e r i n g d e s i g n c h a n g e s and t h e i r a s s o c i a t e d c o s t s . E n g i n 
e e r i n g da ta a c q u i r e d f r o m th i s a r t i c l e wi l l be u s e d to s u p p o r t t h e d e s i g n and 
a s s e m b l y of t h e cold flow and hot t e s t a r t i c l e . T h e p r i m a r y u t i l i z a t i o n c y c l e 
of t h e s t r u c t u r a l t e s t a r t i c l e is d e p i c t e d in F i g u r e 29. 

* 
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Figure 29. Test Ar t ic le Utilization Cycle 

The cold flow/hot tes t a r t i c l e (RNS-TA-1) will be fabricated and a s s e m 
bled by the same techniques developed and certified for the s t ruc tu ra l tes t 
a r t i c l e and dimensional s imula tor . Following th is , the stage will be pneumo
stat ical ly tested and configured to the prototype flight configuration during the 
sys tems instal lat ion phase of the manufacturing p r o c e s s . Then the completed 
s tage will be subjected to a post-manufacturing integrated sys tems checkout 
tes t which verif ies the functional per formance of all vehicle sys tems and the i r 
in te rac t ions . 

As shown in F igure 29, RNS-TA-1 first will be used for facility ac t iva
tion and checkout at NRDS. Upon completion of the facility activation, the 
a r t i c l e will be used for the cold flow test ing p r o g r a m at NRDS. Upon com
pletion of cold flow tes t ing, RNS-TA-1 will be hot tested on the same tes t 
stand (E/STS-2) . The RNS-TA-2 vehicle will provide backup for RNS-TA-1 
in case of damage during cold flow or hot tes t ing. While acting as backup, 
the RNS-TA-2 will be used to act ivate Kennedy Space Center (KSC) and then 
shipped to Marsha l l Space Flight Center (MSFC) for dynamic and acoustic 
test ing in conjunction with INT-21 . If RNS-TA-2 is required for complet 
ing the t e s t s at NRDS, the flight s tage (RNS-TA-3) will be used for KSC 
activation and checkout and the s t ruc tu ra l test a r t i c l e , which was previously 
scheduled to become the engineering dimensional s imula tor , will be cycled 
to MSFC for dynamic tes t ing. In this ca se , a dimensional s imulator could 
be fabricated of wood at the manufacturing facility. 
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T h e RNS d e v e l o p m e n t t e s t p r o g r a m i n c l u d e s e x p o s u r e of the f l ight t e s t 
a r t i c l e ( R N S - T A - 3 ) to c r y o g e n i c e n v i r o n m e n t at l aunch pad 39 wh i l e the RNS 
i s s t a c k e d on top of the INT-21 ( p r o p e l l a n t t ank ing dur ing countdown d e m o n 
s t r a t i o n t e s t ) . T h i s a p p r o a c h e l i m i n a t e s the n e c e s s i t y for a s p e c i a l off -pad 
co ld flow a c c e p t a n c e t e s t i n g fac i l i ty . T h i s r e c o m m e n d a t i o n i s b a s e d on the 
conf idence and e x p e r i e n c e d e r i v e d f r o m the S a t u r n p r o g r a m , and p r e d i c a t e d 
on the fo l lowing; (1) e a r l y l a b o r a t o r y c r y o g e n i c t e s t s , (2) e x t e n s i v e cold flow 
and hot t e s t p r o g r a m s a t NRDS, and (3) the m a n u f a c t u r i n g t e c h n i q u e which 
i n c l u d e s s t r u c t u r a l t e s t i n g of ind iv idua l t ank s e c t i o n s , i n - p r o c e s s t e s t i n g , and 
p o s t - m a n u f a c t u r i n g checkou t . 

F A C I L I T I E S DEFINITION 

P r e l i m i n a r y r e s u l t s of f a c i l i t i e s r e q u i r e m e n t s and u t i l i z a t i o n a n a l y s e s 
showed tha t t he RNS t ank can be m a n u f a c t u r e d at e i t h e r M A F or Sea l B e a c h . 
C o s t e s t i m a t e s of n e c e s s a r y new and mod i f i ed f a c i l i t i e s i n d i c a t e d a neg l i g ib l e 
t o t a l c o s t d i f f e r e n c e . I r r e s p e c t i v e of the l oca t ion for m a n u f a c t u r i n g of the 
RNS t ank ( M A F , Sea l B e a c h , or bo th) , a r e q u i r e m e n t e x i s t s for new tool ing 
for the m a n u f a c t u r e and a s s e m b l y of the c o n i c a l aft b u l k h e a d s e c t i o n of the 
t ank . Apol lo tool ing i s a good c a n d i d a t e for p r o d u c i n g the 8 - d e g r e e half 
c o n e - a n g l e and 2 5 - i n c h cap r a d i u s sec t ion , up to a l eng th of ten feet . T h i s 
c o s t s a v i n g s w a s no t c r e d i t e d to the RNS dur ing the fac i l i ty and tool ing 
u t i l i z a t i o n a n a l y s i s . 

A p r e l i m i n a r y c o s t e s t i m a t e of the m a j o r f a c i l i t i e s and GSE r e q u i r e 
m e n t s for the co ld f l o w / h o t t e s t i n g and f l ight o p e r a t i o n s i s p r e s e n t e d in 
T a b l e 6. The e s t i m a t e d c o s t s a r e b a s e d on m a j o r i t e m s tha t r e q u i r e m o d i 
f i c a t i o n s , o r a r e not a v a i l a b l e and have to be a c q u i r e d . Al l c o s t s a r e 
b u d g e t a r y and a r e for funding p r o j e c t i o n p u r p o s e s only , and a r e no t i n t ended 
to r e f l e c t f ina l n o n - r e c u r r i n g c o s t s . I n d i c a t e d m a n u f a c t u r i n g c o s t s exc lude 
m a n u f a c t u r i n g checkou t e q u i p m e n t . 

T a b l e 6. F a c i l i t y Cos t (ROM) S u m m a r y 

FACILIfY AND GSE 

MANUFACTURING FACILITY' (AAAF OR SEAL BEACH) 
MANUFACTURING GSE* 
NRDS FACILITY 
NRDS GSE 
VAB GSE 
MOBILE LAUNCHER (GSE) 
LAUNCH PAD (LH2 STORAGE) 
DYNAMIC TEST FACILITY 
ROUTE MODIFICATIONS 

(SEAL BEACH TO NRDS) 

'MANUFACTURING COSTS DO NOT INCLUDE MODIFICATION AND/OR 
NEW TOOLING AND POST-MANUFACTURING CHECKOUT EQUIPMENT. 

COST $M 

2.0 
2.5 

64.0 
10.0 
5.5 
5.5 
1.0 

(TBD) 
2.0 

92.5 
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The basel ine RNS p r o g r a m schedule, F igure 30, depicts the in tegrated 
set of act ivi t ies and events neces sa ry to accomplish the development and 
operat ional phases . The schedule covers all major development act ivi t ies 
from Phase A-IV (follow-on to this study) through the completion of flight 
testing and a t en-year operat ional p r o g r a m . To a s s u r e considerat ion of 
the most promising p r o g r a m a l te rna t ives , schedules were p r epa red for the 
four a l ternate development / tes t p r o g r a m s . However, only the basel ine 
schedule is summar ized he re . 

The following major groundrules and assumptions were used in the 
prepara t ion of the integrated p r o g r a m schedule. They a r e derived from 
NASA study guidelines and the r e su l t s of Phase III technical ana lyses : (1) 
NASA dates for the f i r s t t es t flight ( mid CY-1979) and IOC (CY-1981) a r e 
t r ea t ed as guidelines but not as const ra in ts ; (2) a 12-month spacing between 
the s t a r t s of Phases A-IV, B, and C was used ; and (3) a nine-month per iod 
was assumed for Phase C, with Phase D commencing immediately at its 
conclusion and with continuous NASA review throughout the p r o g r a m ra the r 
than a th ree -mon th gap between phases . 

A maximum of t h r ee RNS/S-II s tages per year can be produced 
with a single set of tooling. F u r t h e r m o r e , the production of two a r t i c l e s 
per year is cons ide red the minimum economical r a t e , due to util ization 
of manpower and maintenance of technical ski l ls . To minimize the cost and 
t ime span for DDT&E, a combined production r a t e of th ree stages per year 
during development was employed. Six operat ional RNS stages (and six 
S-IC/S-II sets for INT-21 boos te r s a r e requi red . Each RNS flies ten miss ions 
evenly spaced in t ime at an annual r a t e of six per year . A s a compromise 
between s torage t ime and production r a t e economy, it was a s sumed that one 
RNS and one S-II would be produced annually in the same facility. 

The minimum t imes in months r equ i red for major sys tem t e s t s 
as derived in the tes t planning study a r e as follows:(l) cold flow - 9, 
(2) hot t e s t s - 24; (3) dynamic t e s t s - 12; (4) faci l i t ies checkout - 6; and 
(5) flight t e s t s - 18. 

The basel ine p r o g r a m development schedule ref lec ts the des i red 
manufacturing t ime spans and testing sequences within the aforementioned 
const ra in ts bu t does not quite mee t the guideline IOC date of CY 1981 
(denoted by dot on F igure 22). The IOC date could be rea l i zed by shortening 
the length of the hot t es t and /or flight t es t per iod, or shortening Phases A-IV 
and/or B. However, the t ime spans used a r e the best cu r ren t e s t imates of 
r ea l i s t i c r e q u i r e m e n t s . 
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A funct iona l b lock d i a g r a m p r e s e n t e d in a logic n e t w o r k f o r m w a s p r e 
p a r e d to c o m p l e m e n t t h e p r o g r a m s c h e d u l e . It is p r o g r a m - p h a s e o r i e n t e d 
and can b e u s e d a s a b a s e l i n e for deve lop ing d e t a i l e d s c h e d u l e s and w o r k 
p lan t a s k s . The r e q u i r e d d a t a , inc lud ing t h e p r i n c i p a l t a s k s and t h e i r i n t e r 
f a c e s , a r e d e s c r i b e d and d i s c u s s e d in the de t a i l ed r e p o r t s a s p a r t of t h e 
s y s t e m e n g i n e e r i n g p r o c e s s . 

COST ANALYSIS 

A p r i m a r y g u i d e l i n e employed in t h e conduc t of t h e RNS P h a s e A s tudy 
h a s b e e n to a c h i e v e t h e m o s t a t t r a c t i v e d e s i g n at t h e l e a s t c o s t . Th i s p r i n 
c i p l e w a s appl ied in t h e f o r m u l a t i o n of d e s i g n c o n c e p t s , d e v e l o p m e n t p l a n s , 
and o p e r a t i n g p r o c e d u r e s w h e t h e r o r not a c c o m p a n i e d by q u a n t i t a t i v e cos t 
e v a l u a t i o n s or t r a d e s t u d i e s . De t a i l ed p r o g r a m c o s t da ta w e r e deve loped 
for t h e b a s e l i n e and a l t e r n a t e c o n f i g u r a t i o n s c o v e r i n g a w i d e r a n g e of o p e r a t 
ing c o n d i t i o n s . T h e a c c u r a c y of t h e s e da t a h a s b e e n i m p r o v e d c o n s i d e r a b l y 
o v e r t h e P h a s e II r e s u l t s by g r e a t e r depth of e n g i n e e r i n g a n a l y s i s and 
def in i t ion of c o s t e s t i m a t i n g r e l a t i o n s h i p s ( C E R ' s ) down to a s low as t h e 
s e v e n t h l e v e l of t h e w o r k b r e a k d o w n s t r u c t u r e (WBS). 

A n a l y s e s and t r a d e o f f s a l s o w e r e conduc ted to a s s u r e c o s t m i n i m i z a t i o n 
a t a l l l e v e l s wi th in t h e bounds of o v e r a l l s tudy obj ec t i ve s , g u i d e l i n e s , and 
c o n s t r a i n t s . Q u a n t i t a t i v e da t a h a v e b e e n deve loped w h e r e v e r p r a c t i c a l , 
l i m i t e d only by t h e a v a i l a b i l i t y of a p p r o p r i a t e input i n f o r m a t i o n and s tudy 
r e s o u r c e s . Majo r c o s t d r i v e r s w e r e ident i f ied a long w i th a l t e r n a t i v e s for 
a c h i e v i n g s ign i f i can t s a v i n g s in bo th c o s t and c o s t e f f ec t i venes s - - t h e 
l a t t e r be ing e x p r e s s e d in t e r m s of e i t h e r d o l l a r s p e r fl ight o r d o l l a r s p e r 
pound of m a x i m u m pay load d e l i v e r e d to l u n a r o r b i t . 

The c o s t i n g a n a l y s i s c o n f i r m e d t h e a t t r a c t i v e n e s s of t h e s i n g l e t ank 
( 8 - d e g r e e half c o n e - a n g l e , 2 5 - i n c h end cap r a d i u s ) , d e s i g n o v e r a l l o t h e r s 
c o n s i d e r e d . F u r t h e r m o r e , t h e b e n e f i t s to be ga ined t h r o u g h l o w e r s p a c e 
s h u t t l e l o g i s t i c s d e l i v e r y c o s t and u s e of a fully r e u s a b l e o r p a r t i a l l y r e u s 
a b l e b o o s t e r to l a u n c h t h e RNS t ank w e r e d e l i n e a t e d . S igni f icant s a v i n g s 
a l s o a p p e a r p o s s i b l e by c o m m o n a l i t y of h a r d w a r e / s o f t w a r e , f a c i l i t i e s , GSE, 
and s u p p o r t equ ip inen t wi th o t h e r s p a c e p r o g r a m s ( c o n c u r r e n t and p a s t ) ; 
d e s i g n o p t i m i z a t i o n c o n s i d e r i n g p r o p e l l a n t c a p a c i t y , p r o p e l l a n t m a n a g e 
m e n t ( s t r a t i f i c a t i o n ) , and s u b s y s t e m s ; and i m p r o v e m e n t in s t a g e l i f e t i m e . 

T h e top l e v e l c o s t s for t h e b a s e l i n e s i n g l e t a n k c o n f i g u r a t i o n ( s ix p r o 
duc t ion u n i t s , d e l i v e r y of NERVA and l o g i s t i c s u p p l i e s to o r b i t by t h e s p a c e 
s h u t t l e at a c o s t of $162 / Ib . , , b o o s t of RNS t ank in i n v e r t e d a t t i t u d e on I N T - 2 1 ) 
a r e shown in F i g u r e 31 wi th a p lo t of a n n u a l funding r e q u i r e m e n t s . T h e s e 
da ta a r e e x p r e s s e d in t e r m s of 1971 d o l l a r s and exc lude NERVA and I N T - 2 1 
D D T & E . RNS p r o d u c t i o n c o s t a v e r a g e s $ 4 5 . 4 M, inc luding $ 1 3 . 0 M for_. 
N E R V A . T h e o p e r a t i o n a l p r o g r a m c o v e r s a p e r i o d of t e n y e a r s . 
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Figure 31. Baseline RNS P r o g r a m Funding Requi rements 

A comparison of the base l ine RNS with the two most a t t rac t ive hybrid 
designs is shown in Table 7. Although the re a r e only modest differences 
m DDT&E and P r o d / O p e r cos ts , t he re a r e sufficient differences m s t ruc t 
u ra l and external shielding weight to show payload benefits for the basel ine 
which m turn t r ans l a t e s into be t te r cost effectiveness. For the hybrid 
designs to del iver the same maximum outbound lunar payload (200,000 
pounds) as the single tank, the re is an additional cost per flight of 3. 0 and 
6. 5 mill ion dol lars for the 8-degree and 7. 5-degree hybr ids , respect ive ly . 
F u r t h e r m o r e , the 8-degree hybrid (m compar ison to the 7. 5-degree design) 
has a m o r e limited capabili ty for se l f -disposal using the auxi l iary prope l l 
ant tank. 
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Table 7. Cost Comparison of Alternate Configurations 

CONFIGURATION 

SINGLE TANK 

HYBRID 

HYBRID 

DESIGN FEATURES 

8 ° x 25-IN. 

8 ° x 4 0 - I N . MAIN 
TANK, 3000 LB LH 2 
AUX TANK 

7.5° X 112-IN. 
MAIN TANK, 9300 
LB LH2 AUX TANK 

DDT&E 
$M 

809.2 

839.8 

832.0 

PROD/OPER 
($M/FLT) 

67.03 

67.29 

67.23 

RELATIVE PAYLOAD 
DELIVERY C O S T ' 1 ' 

1.00 

1.06 

1.11 

(1) BASED ON MAXIMUM OUTBOUND PAYLOAD TO 
LUNAR ORBIT WITH ZERO RETURN PAYLOAD 

„The t r anspor t of logist ic supplies - - par t icu la r ly RNS propellant - -
r e p r e s e n t s a major fraction of p r o g r a m cost . If the space shuttle de l ivery 
cost can be reduced to $ 100/lbJ^.0^_000_pound payload capabili ty to 260 n mi x 

J J . 5 degrees at $5M/flight) from the base l ine study value of $ l 6 2 / l b , RNS 
cost effectiveness would be improved by 26. 7 percent . On the other hand, if 
shuttle orbi tal del ivery cost is $200/lb, it would inc rease the cost of moving 
payload to lunar orbit by 16. 4 percent . The p a r a m e t r i c data a r e presented 
in F igu re 32, 

100 150 200 250 

SPACE SHUTTLE DELIVERY COST l$/LB) 

Figure 32. RNS Sensitivity to Space Shuttle Delivery Cost 
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A n o t h e r way to r e d u c e RNS c o s t m a y be p o s s i b l e if a v e h i c l e o the r than the 
e x p e n d a b l e I N T - 2 1 is employed for l aunch of t h e RNS tank to o r b i t . One p r o m 
is ing a p p r o a c h is to u s e t h e s p a c e s hu t t l e b o o s t e r wi th an expendab le second 
s t a g e (ESS). A n o t h e r a l t e r n a t i v e is to t e m p o r a r i l y con f igu re t h e RNS a s an 
ESS ( d e s i g n a t e d h e r e a s C P S - c h e m i c a l p r o p u l s i o n s tage) by adding an LO2 
t a n k and a s p a c e s h u t t l e eng ine . S ince t h e e n g i n e / L 0 2 tank m o d u l e would b e 
r e c o v e r e d for r e u s e by a l a t e r r e g u l a r s hu t t l e flight a f te r it d e l i v e r s t h e 
N E R V A , t h i s concep t is equ iva len t to a fully r e u s a b l e s y s t e m . T a b l e 8 c o m 
p a r e s t h e b a s e l i n e l aunch m o d e w i th the ESS and C P S . As can b e s e e n , t h e 
p o t e n t i a l r e d u c t i o n s in l u n a r d e l i v e r y c o s t a r e 8. 1 p e r c e n t and 14. 3 p e r c e n t , 
r e s p e c t i v e l y . 

T a b l e 8, Cos t C o m p a r i s o n of A l t e r n a t e RNS Tank B o o s t Modes 

LAUNCH VEHICLE 

INT-21(BASELINE) 

EOS BOOSTER + ESS 

EOS BOOSTER + CPS 

DDT&E 

809.2 272.3 

762.9 272.3 

720.2 272.7 

COST IN $M 
PROD OPER TOTAL $M/FLT 

3749.3 4830.8 67.0 

3471.2 4506.4 62.4 

3210.0 4202.9 58.1 

33 
".j/iJ^ 

RNS s e r v i c e l i fe w a s a s s u m e d to be t e n equ iva len t l u n a r round t r i p s d u r i n g 
a t h r e e - y e a r p e r i o d . The effect of v a r y i n g m i s s i o n c y c l e s (without changing t h e 
m a x i m u m t i m e in s p a c e , wh ich in f luences m e t e o r o i d p r o t e c t i o n and t h e r m a l 
coa t i ng r e q u i r e m e n t s ) w a s d e t e r m i n e d and t h e r e s u l t s a r e p lo t ted in F i g u r e 33.. 

PERFORMANCE 

NOTE: AT ZERO-POINT 
PAYLOAD DELIVERY COST 
IS$67M/FLTOR$335/U. 

90 

STAGE 
INERT 
WEIGHT 

70 

SPECIFIC 
IMPULSE 

-10 -5 0 5 

% CHANGE IN PARAMETER 

60 

RNS LIFE 

TOTAL FLIGHTS = 60 

BASELINE 

12 
FLIGHTS/RNS 

F i g u r e 33 . RNS P r o g r a m Cos t Sens i t i v i t y 
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The s e n s i t i v i t y of c o s t to s e r v i c e life r e d u c t i o n below the b a s e l i n e v a l u e i s 
qu i t e ev iden t , p a r t i c u l a r l y below 8 f l i g h t s / R N S . S o m e c o s t benef i t m a y be 
p o s s i b l e by ex tending l i f e t i m e beyond 10 f l igh ts if it does not i m p o s e undue 
m a i n t e n a n c e r e q u i r e m e n t s o r d e g r a d e s a f e t y / m i s s i o n s u c c e s s p r o b a b i l i t y . 

P e r f o r m a n c e s t u d i e s h a v e ind ica ted tha t c o s t e f f e c t i v e n e s s is m o s t s e n s i 
t i v e to NERVA spec i f i c i m p u l s e . T h u s , a t e n - p e r c e n t i n c r e a s e in Igp would 
r e d u c e l u n a r pay load d e l i v e r y c o s t by n e a r l y 25 p e r c e n t ( F i g u r e 33) . S ince t h e 
Los A l a m o s Sc ien t i f i c L a b o r a t o r y is c u r r e n t l y deve lop ing c a r b i d e - t y p e fuel 
e l e m e n t s w h i c h h a v e a p o t e n t i a l Igp w e l l ove r 900 s e c o n d s , t h e e c o n o m i c b e n e 
fit is a p p a r e n t . H i g h e r spec i f i c i m p u l s e can be even r n o r e s ign i f i can t t han 
NERVA l i f e t i m e . T h u s , an e i g h t - p e r c e n t i n c r e a s e in l ap is equ iva len t to t h e 
$13 M p r o d u c t i o n c o s t o f a compl^^,^p.g.ijQe. S tage i n e r t we igh t , wh i l e not a s 
s t r o n g a c o s t d r i v e r as spec i f i c i m p u l s e , n e v e r t h l e s s of fers i m p o r t a n t b e n e f i t s ^ 
(or p e n a l t i e s ) . T h e s e n s i t i v i t y of cos t to we igh t is n e a r l y a 1:1 r a t i o j ^ (-'•-_ - j 
On t h e o t h e r hand , wi th t h e u s e of t h e m u l t i - p e r i g e e t h r u s t i n g t e c h n i q u e for m i n i 
m i z i n g RNS g r a v i t y l o s s e s , t he low t h r u s t of the 75K NERVA i m p o s e s only a 
s m a l l p e r f o r m a n c e p e n a l t y . T h u s , t h r u s t l e v e l w i l l h a v e a n e g l i g i b l e effect on 
cos t e f f e c t i v e n e s s . 

The RNS p r o d u c t i o n r a t e is an i m p o r t a n t c o s t f ac to r s i n c e it a f fec ts o p e r a t 
ing ef f ic iency a s w e l l a s r e q u i r e m e n t s for f a c i l i t i e s , t oo l ing , and s p e c i a l t e s t 
e q u i p m e n t . Dur ing P h a s e II , it w a s e s t i m a t e d tha t a r a t e of two s t a g e s p e r y e a r 
(two RNS ' s or one RNS p lus one S-II) would i n c r e a s e p r o d u c t i o n c o s t s by about 
13 p e r c e n t c o m p a r e d to t h e o p t i m u m r a t e of t h r e e _ a t t h e Sea l B e a c h f ac i l i t y . A 
r e d u c t i o n to one p e r y e a r would n e a r l y doub le t h e unit p r o d u c t i o n c o s t . On t h e 
o t h e r han3~tKenaurnFeT''o7~p'ro3Tre^ a p p r e c i a b l e 
effect on r e c u r r i n g c o s t o v e r t h e r a n g e c o n s i d e r e d in t h i s s tudy (2 -10) if l i f e t i m e 
is c o n s i d e r e d to be c o n s t a n t . H o w e v e r , if DDT&E is a m o r t i z e d o v e r t h e p r o d u c t 
ion r u n , t h e r e is a s u b s t a n t i a l i m p a c t when only a few o p e r a t i o n a l s t a g e s a r e 
bu i l t . 

An i m p o r t a n t f ac to r in d e s i g n o p t i m i z a t i o n is RNS s i z e . Due to t h e 
c u r r e n t a b s e n c e of f i r m m i s s i o n r e q u i r e m e n t s , t he m a j o r s tudy effort w a s 
c o n c e r n e d wi th a n o m i n a l LH2 c a p a c i t y of 300, 000 pounds - - b a s e d on p r e v 
ious m i s s i o n s t u d i e s . H o w e v e r , t h e effect on p e r f o r m a n c e and c o s t of c h a n g 
ing t h e s i z e w a s eva lua t ed ( F i g u r e 3 4 ) . The c o s t da ta shown exc ludes DDT&E. 
Signi f icant i m p r o v e m e n t in c o s t e f f e c t i v e n e s s wi th s i z e is q u i t e ev iden t and would 
jus t i fy d e v e l o p m e n t of a l a r g e r s t a g e if h e a v i e r p a y l o a d s a r e n e e d e d . O v e r a l l 
p r o g r a m e c o n o m i e s should d i c t a t e s i z ing t h e RNS b a s e d on t h e a n t i c i p a t e d 
t r a f f i c d e n s i t y and pay load we igh t r a n g e . If t h e r e is need to c a r r y a h e a v i e r 
pay load only o c c a s i o n a l l y , a l t e r n a t e flight m o d e s a r e a v a i l a b l e ( s u c h a s t u g -
a s s i s t on t h e r e t u r n to e a r t h o r b i t ) . F u t u r e s t u d i e s need to m o r e fully e x p l o r e 
t h i s a r e a , inc lud ing t h e e c o n o m i c s of flying t h e RNS wi th of f - loaded p r o p e l l a n t . 
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250 300 350 
RNS PROPELLANT TANK CAPACITY (1000 LB LH2I 

F i g u r e 34. C o s t and P e r f o r m a n c e Sens i t i v i t y to RNS S ize 

6 .0 STUDY LIMITATIONS 

The P h a s e III NR s tudy has c l e a r l y m e t i ts i n t ended ob j ec t i ve of def ining 
an a t t r a c t i v e RNS p r o g r a m as d e s c r i b e d e a r l i e r in this r e p o r t . H o w e v e r , t h e r e 
w e r e a n u m b e r of i m p o r t a n t l i m i t a t i o n s i m p o s e d by (1) s tudy gu ide l ines and 
c o n s t r a i n t s , (2) a v a i l a b l e da ta , and (3) depth of a n a l y s i s . Whi le i t is b e l i e v e d 
tha t none of the l i m i t a t i o n s i m p a c t the o v e r a l l a s s e s s m e n t of the RNS p r o g r a m , 
they cou ld p o s s i b l y af fec t d e s i g n , o p e r a t i o n s , p r o g r a m m a t i c , o r c o s t r e s u l t s . 

€L^ 
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GUIDELINES AND CONSTRAINTS 

P r o b a b l y the Jwo..jrio.st.^tgQJ.iicajat.«s±udy. c o n s t r a i n t s w e r e the use_of_a^ 
33- foo t d i a m e t e r m a i n p r o p e l l a n t tank and its l aunch by I N T - 2 1 . P h a s e II 
p r e l i m i n a r y i n v e s t i g a t i o n s by NR c l e a r l y d e m o n s t r a t e d the c o m p e t i t i v e n e s s 
of a m u l t i - t a n k concep t , c o m p a t i b l e with the c a r g o bay of the s p a c e s h u t t l e , 
and a s s e m b l e d in o r b i t into a c o m p l e t e s t a g e . F u r t h e r m o r e , r e c e n t i n - h o u s e 
NR s t u d i e s ( inc luding c o s t a n a l y s e s ) on shu t t l e b o o s t e r a s s i s t e d launch of 3 3 -
foot d i a m e t e r tanks i n d i c a t e d tha t s ign i f i can t s a v i n g s a r e p o s s i b l e by t e m p o 
r a r i l y conf igur ing the RNS tank as a c h e m i c a l s e c o n d s t a g e which in jec t s i t 
self into o r b i t . 

A n o t h e r i m p o r t a n t l i m i t a t i o n s t e m s f rom the s i z e of the s p a c e shu t t l e 
c a r g o b_§.y: 15-foot d i a m e t e r by 60-foot l eng th . Due to the low dens i t y of 
the h y d r o g e n p r o p e l l a n t , full advan t age canno t be t aken of c u r r e n t l y p r o j e c t e d 
s h u t t l e pay load capab i l i t y u n l e s s m i x e d c a r g o s a r e p r a c t i c a l . 

In a c c o r d a n c e with s tudy gu ide l ines , one c o m p l e t e RNS fl ight s t a g e 
and its a s s o c i a t e d l aunch c o s t s w e r e c h a r g e d to the DDT&E p r o g r a m . How
e v e r , on the b a s i s of the t e s t p r o g r a m def ini t ion, it a p p e a r s qui te l ike ly 
tha t this s t a g e can be added to the o p e r a t i o n a l i nven t o ry following fl ight t e s t 
ing. In add i t ion , it m a y be p r a c t i c a l to d e l i v e r u n m a n n e d pay loads du r ing 
the t e s t p r o g r a m and thus ob ta in a f u r t h e r " c r e d i t " a g a i n s t d e v e l o p m e n t c o s t . 

A V A I L A B L E DATA 

The Limited " h a r d da t a " on RNS pay loads and the a b s e n c e of a m i s s i o n 
^^—ffn—«iM.iin_4i__LiMMW'"m»ii'*4iWi*"iii'~" ' ~ ""ini iiiTMi—i'ii II ' ' •*••"•'— "̂ <t.i^i mil I m — < i i ii .i « i » i ...iii i l l ' i i i^wi ii H' II riiU'iiiiMvriMii I'liiTIi 'Imil i i 

m o d e l p r e c l u d e d d e t e r m i n a t i o n of an o p t i m u m RNS s i z e and de t a i l a s s e s s m e n t 
of o p e r a t i o n a l r e q u i r e m e n t s i m p o s e d by t raff ic r a t e . RNS s i z e is of p a r t i c u l a r 
i m p o r t a n c e s i n c e it affects both c o s t and c o s t e f f e c t i v e n e s s . 

C o m m o n a l i t y benef i t s f r o m o t h e r s p a c e p r o g r a m e l e m e n t s a r e e x 
p e c t e d to p lay an i m p o r t a n t r o l e in RNS c o s t a v o i d a n c e . D u r i n g P h a s e III, 
spec i f i c i t e m s a c c o u n t e d for inc luded docking and e l e c t r i c a l s u b s y s t e m s . 
H o w e v e r , even l a r g e r benef i t s s h o u l d be r e a l i z a b l e if the RNS u s e s the s a m e 
H P I as the s p a c e shu t t l e and e m p l o y s a high d e g r e e of c o m m o n a l i t y wi th s h u t t l e 
and s p a c e s t a t i o n in the a r e a s of e l e c t r o n i c e q u i p m e n t , s o f t w a r e , and o p e r a t i n g 
p r a c t i c e s . T h u s , f u r t h e r r e d u c t i o n in RNS d e v e l o p m e n t and p r o d u c t i o n c o s t s 
shou ld be p o s s i b l e . On the o t h e r hand, s u b s t a n t i a l gains w e r e c r e d i t e d to the 
RNS p r o g r a m b a s e d on the a n t i c i p a t i o n tha t S a t u r n V /ApoUo f a c i l i t i e s , t oo l 
ing, and o t h e r e q u i p m e n t wi l l be a v a i a b l e in the p o s t - 1 9 7 4 t i m e p e r i o d as r e 
q u i r e d by the RNS. If this a s s u m p t i o n p r o v e s to be i n c o r r e c t , t h e r e wi l l be 
a s e r i o u s i m p a c t on p r o g r a m c o s t . 

* • » 
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STUDY D E P T H 

A n u m b e r of a r e a s r e c e i v e d only p r e l i m i n a r y a t t e n t i o n . H a r d w a r e 
l i f e t i m e was a s s u m e d to be t h r e e y e a r s in s p a c e (or ten m i s s i o n s ) wi th 
m a i n t e n a n c e . H o w e v e r , l i t t l e is known abou t the long t e r m e n v i r o n m e n t a l 
effects on RNS s t r u c t u r e and o t h e r s u b s y s t e m s . In add i t ion , l i m i t e d da ta 
a r e a v a i l a b l e on the p roduc ib i l i t y of the e n v i r o n m e n t a l p r o t e c t i o n s y s t e m 
e m p l o y i n g high p e r f o r m a n c e i n s u l a t i o n . C o n v e r t i n g l a b o r a t o r y and s m a l l 
s c a l e e x p e r i e n c e to s u i t a b l e p r o c e d u r e s for handl ing , i n s t a l l i n g , p r o t e c t i n g , 
and t r a n s p o r t i n g H P I on a l a r g e s t a g e r e p r e s e n t s a m a j o r e x t r a p o l a t i o n . A 
d e g r e e of u n c e r t a i n t y a l so e x i s t s r e g a r d i n g the s u r v i v a b i l i t y of the c o m p l e x 
e n v i r o n m e n t a l p r o t e c t i o n s t r u c t u r e du r ing b o o s t - p a r t i c u l a r l y wi th r e s p e c t 
to the f lu t t e r p h e n o m e n o n . 

In s u b s y s t e m def in i t ion, a pro£e_Uant m a n a g e r n e n t s y s t e m was d e 
fined which e m p l o y s a s t r a t i f i e d u l l age to effect s u b s t a n t i a l r e d u c t i o n s in 
r e s i d u a l p r o p e l l a n t weigh t and thus a c c r u e a l a r g e benef i t on p e r f o r m a n c e . 
H o w e v e r , due__^ the c o m p l e x n a t u r e of the a n a l y s i s , f u r t h e r s tudy and 
p r o b a b l y t e s t ing wil l be r e q u i r e d to ver i fy the_ ,a t t rac t iyenes s of this c o n c e p t . 

O t h e r a r e a s wh ich r e c e i v e d l i m i t e d c o n s i d e r a t i o n inc lude r e l i a b i l i t y 
(which was s tud i ed to the depth p e r m i t t e d by s u b s y s t e m s def in i t ion) , sa fe ty 
( p a r t i c u l a r l y in the a r e a s of a b o r t , c r e w r e s c u e , and RNS r e c o v e r y ) ; and 
m a i n t e n a n c e in the v i c in i t y of the engine as w e l l a s engine r e m o v a l and d i s 
p o s a l by a s p a c e tug . 

7. 0 IMPLICATIONS F O R R E S E A R C H 

The n e c e s s a r y r e s e a r c h and technology for the RNS p rog rana can be 
b e s t a c c o m p l i s h e d by t i m e - p h a s i n g i t to two technology d e s i g n p e r i o d s . The 
c r i t i c a l a c t i v i t i e s n e c e s s a r y to so lve the n e a r - t e r m d e v e l o p m e n t p r o b l e m s 
a r e shown in Table 9 • taking p lace in the t h r e e y e a r s p r e c e d i n g P h a s e D 
( d e v e l o p m e n t / o p e r a t i o n s ) . T h e s e c o v e r a n a l y t i c a l and t e s t i n g i n v e s t i g a t i o n s 
in m o s t of the t e c h n i c a l d i s c i p l i n e s and a r e in t ended to s e r v e a s the b a s i s 
for the in i t i a l s t a g e d e s i g n . 

Some of the m o r e s ign i f i can t a c t i v i t i e s in this c a t e g o r y inc lude the 
d e v e l a p m e n t of a f lu t t e r f r ee t h e r m a l / m e t e o r o i d p r o t e c t i o n d e s i g n i n t e g r a t i n g 
an eff ic ient and e a s y to p r o d u c e , m a i n t a i n , and r e p a i r high p e r f o r m a n c e 
i n s u l a t i o n . Addi t iona l ly , p a s s i v e p r o p e l l a n t man.ageOTexit e m p l o y i n g a s t r a t i f i e d 
u l l age to m i n i m i z e r e s i d u a l s has shown po ten t i a l payoffs that a r e w o r t h y of 
c o n c e n t r a t e d i n v e s t i g a t i o n . A n o t h e r a r e a need ing i m m e d i a t e a t t e n t i o n is the 
def ini t ion of an e c o n o m i c a l i n - s p a c e m a i n t e n a n c e o p e r a t i o n s c o n c e p t tha t 
benef i t s a l l the c u r r e n t l y p r o g r a m m e d s p a c e e l e m e n t s . 
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ANALYSIS 

X 
X 
X 
X 
X 

TEST 

X 
X 
X 
X 
X 

COS! 
•3 

(HOC) 
100 
300 
100 
200 
300 

- $100U 
-2 

(1300) 
100 
300 
100 
300 
300 

-1 

(1400) 
100 
300 
100 
300 
300 

Table 9. Supporting Research and Technology Program/Funding 

TASK DESCRIPTION 

STRUCTURES, MATERIALS AND MANUFACTURING 
Meteoroid Protection 
High Performance Insulation 
Aluminum Alloy Under Cyclic Loading 
Flutter Analysis and Tunnel Testing 
Application of Composite Materials to 

Large Structures 
Space Fabrication, Assembly, Testing, X X 100 200 300 

and Refurbishment 

NUCLEAR RADIATION 
Radiation Analysis Techniques Development 
Materials and Components Radiation Effects 

PROPULSION AND PROPELLANT MANAGEMENT 
Capillary Devices for Propellant Management 
Internal Thermodynamics 
Orbital Refueling 
In-Orbit Venting 
Destratificatinn 
Propellant I'.juging 
Reaction Control System 
Hydrogen Reliquefaction System 

ASTRIONICS 
Navigation Accuracy and Instruments Mounting 
Guidance Equations Generation 
Thrust Vector Control Simulation 
Information Management System Development 

OKB'TA! OPERATIONS 
In-Space Maintenance Operations 
Incipient Failure Detection 
Computer-Aided Space Transportation Model 

TOTAL (4100) (4250) (4350) 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 

X 

X 

X 
X 

X 
X 
X 

(450) 
150 
300 

(1700) 
250 
200 
250 
250 
150 
300 
300 
-

( 350) 
100 
100 
75 
75 

(500) 
250 
100 
150 

(550) 
150 
400 

(1600) 
250 
150 
200 
250 
150 
300 
300 
-

(250) 
100 
-
-
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(550) 
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100 
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(650) 
150 
500 

(1500) 
200 
100 
200 
200 
-
200 
300 
300 

(150) 
-
-
-
150 

(650) 
250 
100 
300 
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Cont inu ing i n v e s t i g a t i o n s d u r i n g P h a s e D wi l l s e r v e to i m p r o v e the 
i n i t i a l d e s i g n a n d / o r to evo lve into an a d v a n c e d s y s t e m for m a n n e d p l a n e t a r y 
m i s s i o n s . Some of the m o r e s ign i f i can t e f fo r t s in this l a t t e r c a t e g o r y in 
c lude the d e v e l o p m e n t of b o r o n - e p o x y for a p p l i c a t i o n to m a j o r s t r u c t u r a l 
c o m p o n e n t s . A l s o , a con t inu ing i m p r o v e m e n t in high p e r f o r m a n c e i n s u l a t i o n 
tak ing into c o n s i d e r a t i o n e a s e of m a n u f a c t u r i n g , i n s t a l l a t i o n , i n s p e c t i o n , and 
r e p a i r would be b e n e f i c i a l to both i n i t i a l and a d v a n c e d s t a g e d e s i g n s . A d d i 
t iona l ly , con t inu ing d e v e l o p m e n t in s p a c e f a b r i c a t i o n , a s s e m b l y , t e s t i n g , and 
r e f u r b i s h m e n t cou ld be of s i g n i f i c a n t benef i t to a l l fu tu re s p a c e s y s t e m s . 

8 .0 SUGGESTED ADDITIONAL E F F O R T 

In keep ing wi th i t s P h a s e A s t a t u s , the NR i n v e s t i g a t i o n h a s d e 
f ined in c o n s i d e r a b l e d e t a i l an a t t r a c t i v e RNS concep t . The b e n e f i t s of 
r e u s a b i l i t y , c o m m o n a l i t y , d e s i g n and o p e r a t i o n a l s i m p l i c i t y , and a u t o 
n o m y w e r e e x p l o i t e d to the m a x i m u m p r a c t i c a l ex t en t to a c h i e v e s p a c e 
f l ight e c o n o m y safe ly and r e l i a b l y . With a c a p a b i l i t y of sa t i s fy ing a wide 
r a n g e of p r o p o s e d m a n n e d and u n m a n n e d shu t t l e m i s s i o n s , c o m b i n e d wi th an 
i n h e r e n t g r o w t h p o t e n t i a l for m a n n e d p l a n e t a r y e x p l o r a t i o n , t he RNS r e p r e 
s e n t s a t r u l y v e r s a t i l e s p a c e t r a n s p o r t a t i o n s y s t e m for t h e 1980s and beyond . 
H o w e v e r , in sp i t e of be ing j udged t e c h n i c a l l y f e a s i b l e and e c o n o m i c a l l y 
a t t r a c t i v e , c o n s i d e r a b l e r o o m r e m a i n s for a d d i t i o n a l p r e - P h a s e B s t u d i e s 
to (1) expand the b a s e for RNS a p p l i c a t i o n s ; (2) b e t t e r de f in i t i ze i ts r o l e in 
s p a c e ; (3) f u r t h e r r e d u c e n o n - r e c u r r i n g and r e c u r r i n g c o s t s t h r o u g h d e s i g n 
and o p e r a t i n g i m p r o v e m e n t s wi th e m p h a s i s on h a r d w a r e / s o f t w a r e c o m m o n 
a l i ty ; (4) r e s o l v e o u t s t a n d i n g t e c h n i c a l q u e s t i o n s by spec i f i c a n a l y t i c a l and 
e x p e r i m e n t a l e f fo r t s ; and (5) i n c r e a s e conf idence in the d e s i g n / p r o g r a m 
r e c o m m e n d a t i o n s t h rough g r e a t e r depth of a n a l y s i s a s w e l l a s c o n c u r r e n t 
SR&T. 

MISSION ANALYSIS 

P r i m a r y e m p h a s i s has been devo ted to the l una r shu t t l e m i s s i o n . 
R e p e t i t i v e r e a l i s t i c c y c l e s have been e s t a b l i s h e d - e m p l o y i n g p r e c i s i o n fl ight 
m e c h a n i c s t e c h n i q u e s - wi th pay load d e l i v e r y c a p a b i l i t i e s equa l to o r e x c e e d 
ing the r e q u i r e m e n t s ident i f ied in o t h e r s t u d i e s . S igni f icant i m p r o v e m e n t s in 
c a p a b i l i t y o r p e r f o r m a n c e e f f e c t i v e n e s s w e r e i n d i c a t e d by p r e l i m i n a r y 
a n a l y s i s of t u g - a s s i s t m o d e s . To a l e s s e r d e g r e e , f l ights to s y n c h r o n o u s 
o r b i t , in jec t ion of u n m a n n e d pay loads t o w a r d p l a n e t a r y t a r g e t s , and m a n n e d 
m i s s i o n s to M a r s w e r e i n v e s t i g a t e d . H o w e v e r , t h e r e is a def in i te n e e d for 
m o r e spec i f i c d e t a i l s on a p p l i c a t i o n s , f l ight m o d e s ( p a r t i c u l a r l y in c o n 
j u n c t i o n wi th u s e of o t h e r s t a g e s l ike s p a c e tug) , p a y l o a d s , i n t e r f a c e r e q u i r e 
m e n t s , and m i s s i o n / t r a f f i c s c h e d u l i n g . Such da ta a r e e s s e n t i a l to the 

« » 

62 
SD 7 1 - 4 6 6 - 1 



Space Division 
North American Rockwell 

es tab l i shment of a rea l i s t i c RNS size coupled to expected demand but with 
sufficient flexibility to pe rmi t economic del ivery of smal le r as well as l a rge r 
size payloads than nominal . 

DESIGN DEFINITION 

Within the l imitat ions imposed by study guidelines (33-foot d iameter 
RNS tank and INT-21 booster) , a high fineness ra t io single tank geometry com
bined with an inverted tank launch mode appeared to be the bes t overa l l com
promise considering al l per t inent fac tors . However, in para l le l with the 
Phase III effort, NR performed sufficient design definition and cost analyses 
to es tabl ish that super io r economics should be possible -with the single 
la rge tank RNS design if a s emi - r eusab l e or fully reusable launch mode is 
employed. This entails using the space shuttle booster with ei ther an ex
pendable second stage for boosting the RNS or t emporar i ly configuring the 
nuclear tank as a chemical orbi ta l injection stage by the addition of an oxygen 
tank and shuttle engine. Fu r the r exploration of this approach should be 
pursued. 

P r i o r investigations during Phase II lead to the synthesis of an 
a t t rac t ive mul t i - tank concept assembled into a stage in orbi t from individual 
tanks del ivered by the space shuttle o rb i t e r . The benefits available from a 
low cost fully reusable e a r t h - t o - o r b i t logist ics sys tem demand further con
s iderat ion of the mul t i - tank concept. 

A potential impact to space shuttle LH-, orbi ta l del ivery economics 
was identified due to cargo bay volume const ra ints in cu r r en t des igns . It 
is therefore recommended that high pr ior i ty be given to an a s s e s s m e n t of 
methods for amel iora t ing this key problem. 

Major benefits in cost avoidance, operat ional simplici ty, and 
rel iabi l i ty appear likely by applying the pr incipal of commonali ty to the RNS. 
Gains a r e possible in the a r e a s of technology development, hardware , soft
ware , faci l i t ies , tooling, equipment, and operat ing procedures from today's 
space p rog rams as well as expected developments by space shutt le, space 
station, and other space p r o g r a m e lements . Implementat ion of numerous cost saving 
i tems was made during Phase III, notable from the Saturn/Apollo p rogram. 
However, this effort needs to be expanded to consider comraonality benefits 
for such cost d r ive r s as high performance insulation, as t r ionic equipment 
and software, orbi ta l operat ing procedures (par t icular ly maintenance and 
OBCO), and ground testing (typically common NERVA-stage hot test ing). 
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In the a rea of design there is also need for bet ter definition of sub
sys tems to pe rmi t es tabl ishment of rea l i s t i c lifetime goals and to bet ter 
de termine test r equ i rement s and overal l system re l iabi l i ty . The weight 
saving potential and improved propellant management control and condition
ing through use of a stratified ullage and thermodynamic venting needs to be 
validated by further analysis and probably experimentat ion. The RNS t h e r m o 
dynamic vent sys tem is analogous to that cur rent ly being considered for the 
space shuttle. 

High performance insulation needs additional design analys is to a s s u r e 
that producibili ty is pract ica l , flight through the a tmosphere will not c r ea t e 
a ser ious flutter problem, and maximum commonali ty benefits can be de
rived from space shuttle developments . Wind tunnel tes ts will probably be 
required in connection with the flutter evaluation. 

Other des ign-or iented studies should include integration of the NERVA 
NDIC into the stage IMS, diagnostic techniques and sensors for subsys tems 
status monitoring and failure prediction, and the var ious SR&: T act ivi t ies 
summar ized in s ection 7 .0 . 

OPERATIONS AND FACILITIES 

As a resu l t of the P h a s e A studies to date, a considerable amount is 
known about RNS ground operat ions and supporting fac i l i t ies /equipment ranging 
from fabrication to launch. No significant problem a r e a s have been un
covered although numerous uncer ta int ies exist and will pe r s i s t until the RNS 
program reaches a g rea te r state of matur i ty . Typically, cu r r en t manu
fac tur ing /assembly facili t ies offer suitable choices for RNS production but 
their status in the post-1974 t ime period remains in doubt. The same is 
true for GSE, tooling, and other i tems of applicable Saturn/Apollo equipment. 
Subsequent studies should focus on defining commonali ty of RNS r e q u i r e 
ments with those of other IPP elements which will precede it, thus providing 
a more rea l i s t i c picture of what is likely to be available in support of the 
nuclear shuttle p rogram. 

The RNS study groundruled use of the space shuttle for logist ics 
support, including NERVA del ivery. Additional studies a re requi red to be t ter 
define handling, packaging, loading, del ivery, and unloading opera t ions . 
Fu r the r attention is n e c e s s a r y to expand the pre l iminary definition of orbi ta l 
operating procedures in the presence of the space/NERVA radiat ion environ
ment; this is par t icu lar ly neces sa ry to a s s u r e safe, prac t ica l , maintenance 
procedures , especial ly in the vicinity of NERVA and at the tank bottom, as 
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w e l l a s eng ine r e m o v a l and d i s p o s a l . O p e r a t i o n of the RNS n e a r o t h e r s p a c e 
p r o g r a m e l e m e n t s a l s o should be c o n s i d e r e d in g r e a t e r d e t a i l . 

C o n c u r r e n t wi th the H P I d e s i g n s t u d i e s , de t a i l p r o c e d u r e s and 
s u p p o r t i n g e q u i p m e n t r e q u i r e m e n t s m u s t be e s t a b l i s h e d for f a b r i c a t i o n , 
a s s e m b l y , hand l ing , t r a n s p o r t a t i o n , p r o t e c t i o n , and r e p a i r . 

Add i t i ona l t e s t p r o g r a m op t ions should be i n v e s t i g a t e d inc lud ing 
chang ing the m i x of f ixed ( f a c i l i t i e s , equ ipmen t ) and v a r i a b l e ( t e s t t ime) 
c o s t i t e m s . P r o g r a m r i s k n e e d s to be a s s e s s e d for the spec i f i ed m i n i m u m 
t e s t a r t i c l e p lan . B e t t e r v i s i b i l i t y is n e c e s s a r y for the g round and f l ight 
t e s t s r e q u i r e d to v a l i d a t e the m a i n t e n a n c e c o n c e p t - i nc lud ing t e c h n i q u e s 
for n o n - d e s t r u c t i v e t e s t i n g and s e n s i n g of i nc ip i en t f a i l u r e s . 

The a f o r e m e n t i o n e d s u g g e s t i o n s have b r i e f l y t ouched on the m o r e 
s i g n i f i c a n t a r e a s w h e r e a d d i t i o n a l s t u d i e s should be b e n e f i c i a l . Obv ious ly 
o t h e r s can be and w i l l be c o n s i d e r e d a s the RNS p r o g r a m evo lves and m o r e 
s u b s t a n t i v e i n f o r m a t i o n b e c o m e s a v a i l a b l e f r o m o t h e r i n t e r f a c i n g p r o g r a m s . 
H o w e v e r , it shou ld be no t ed in conc lud ing tha t s u b s e q u e n t s t u d i e s a r e e x 
p e c t e d to l ead us in the d i r e c t i o n of f u r t h e r i m p r o v e m e n t s in an a l r e a d y 
a t t r a c t i v e c o n c e p t for s p a c e t r a n s p o r t a t i o n in the 1980 p e r i o d and beyond . 
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