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FOREWORD 

The final repor t on the P h a s e III Reusable Nuclear Shuttle (RNS) 
study was p repared by the North Amer ican Rockwell Corporation through 
its Space Division for the National Aeronaut ics and Space Adminis t ra t ion 's 
George C. Marsha l l Space Fl ight Center in accordance with Appendix A 
of contract NAS8-24975. The contract directed a study of miss ion r equ i r e ­
men t s , design concepts and definition, per formance , operat ions , facil i t ies, 
and development act ivi t ies for the RNS with associated funding and schedul­
ing r e q u i r e m e n t s . 

This repor t is submitted in six volumes with Volume II consisting of 
t h r ee s epa ra t e books: 

I. (SD 71-466-1) Execut ive Summary 
II. Concept and Feasibi l i ty Analysis 

A, (SD 71-466-2) System Evaluation and Capability 
B, (SD 71-466-3) Basel ine System Definition 
C, (SD 71-466-4) System Engineering Documentation 

III. (SD 71-466-5) P r o g r a m Support Requirements 
IV. (SD 71-466-6) Cost Data (Limited Distribution) 
V. (SD 71-466-7) Schedules, Milestones, and Networks 

VI. (SD 71-466-8) Reliabil i ty and Safety Analysis 

This book of Volume II p r e sen t s the detail design of the basel ine RNS 
configuration including engineering drawings, subsys tems , schemat ics , 
componenets , naass p rope r t i e s , and interface r equ i r emen t s . Also presented 
is a brief descr ip t ion of each of the selected subsystems and the Design 
Cr i t e r i a and Cons t ra in t s . 

SD 71-466-3 
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5. 0 G E N E R A L A R R A N G E M E N T 

T h e r e c o m m e n d e d RNS b a s e l i n e r e s u l t i n g f r o m t h e t r adeo f f s 
and d e t a i l i n v e s t i g a t i o n s p r e s e n t e d in V o l u m e I I - A , Sec t ion 4, 0, is a 
s i n g l e t ank c o n i c a l aft bu lkhead c o n f i g u r a t i o n with an 8 - d e g r e e half cone 
a n g l e and a 2 5 - i n c h cap r a d i u s , l a u n c h e d i nve r t ed wi thout t h e NERVA 
eng ine on an I N T - 2 1 b o o s t e r . A n o s e c o n e sh roud is u sed ove r t h e 
c o n i c a l aft bu lkhead d u r i n g t h e b o o s t p h a s e . T h e NERVA engine is 
d e l i v e r e d to o rb i t v ia t h e S p a c e S h u t t l e and m a t e d to t h e s t a g e in e a r t h 
o r b i t to c o m p l e t e t h e o p e r a t i o n a l v e h i c l e . The o v e r a l l d i m e n s i o n s of t h e 
v e h i c l e for 300, 000 pounds of LH2 wi th 5 p e r c e n t u l l a g e v o l u m e a r e 
g iven in F i g u r e 5-1 . The s t a g e o v e r a l l l eng th inc luding t h e eng ine is 
194 feet . T h e t ank exc lud ing the a s t r i o n i c s bay and t h r u s t s t r u c t u r e is 
a p p r o x i m a t e l y 153 feet in l eng th , of w h i c h 105 feet is t h e c o n i c a l aft 
b u l k h e a d . 

The t ank c y l i n d r i c a l s e c t i o n is 33 feet in d i a m e t e r . The f o r w a r d 
bu lkhead g e o m e t r y is an ob l a t e s p h e r o i d of a s p e c t r a t i o 1. 5, i. e. , t he 
m i n o r half a x i s i s equa l to 132. 0 i n c h e s . 

T h e h igh f i n e n e s s r a t i o c o n i c a l bulkhead e n h a n c e s r a d i a t i o n 
a t t e n u a t i o n by conabining t h e bene f i t s of i n c r e a s e d s e p a r a t i o n d i s t a n c e of 
pay load f r o m NERVA and of r e d u c e d n e u t r o n / g a m m a e n e r g y t r a n s m i t t e d 
into t h e t ank due to t h e s m a l l e r v i e w a n g l e . T h e con f igu ra t i on m e e t s t h e 
r a d i a t i o n d o s e c r i t e r i o n of 10 R E M at t h e t ank top wi th an e x t e r n a l sh ie ld 
weigh t of 4050 p o u n d s . 

HARDWARE T R E E 

The m a n u f a c t u r i n g and a s s e m b l y of t h e RNS r e q u i r e t h e d e v e l o p m e n t 
of a f a b r i c a t i o n t i m e l i n e and s c h e d u l i n g d i s c u s s e d in V o l u m e III, Sec t ion 2. 0, 
and a l s o in V o l u m e V. H o w e v e r , to g e n e r a t e the l a t t e r , an iden t i f i ca t ion of 
t h e h a r d w a r e c o m p o n e n t s and t h e i r e l e m e n t s is n e c e s s a r y . To th i s end a 
H a r d w a r e T r e e c o n s i s t e n t w i t h a P h a s e A con tex t w a s g e n e r a t e d and is 
p r e s e n t e d in T a b l e 5 - 1 . It i den t i f i e s t h e s e v e n m a j o r s u b s y s t e m s and t h e i r 
c o n s t i t u e n t e l e m e n t s . T h e p r o p e l l a n t t a n k and propel lant 
management a r e shown further subdivided into their s u b - e l e m e n t s . 

T h e s u b d i v i s i o n ident i f ied u n d e r t h e RNS H a r d w a r e T r e e i s u s e d to 
gu ide t h e d e s c r i p t i o n of t h e i n b o a r d p r o f i l e of the r e c o m m e n d e d con f igu ra t i on 
and exp la in t h e s c h e m a t i c s and b l o c k d i a g r a m s of t h e v a r i o u s s u b s y s t e m s . 
T h e i n b o a r d p r o f i l e is p r e s e n t e d in F i g u r e 5-2 . R e p e a t e d r e f e r e n c e to t h i s 
f i g u r e w i l l b e m a d e t h r o u g h o u t t h i s s e c t i o n . 

5-1 
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Figure 5 -1 . Single Tank Baseline Configuration 



Table 5-1. Hardware Tree for Single Tank Conical Aft Bulkhead RNS 

REUSABLE NUCLEAR SHUTTLE VEHICLE 

STRUCTURE 
THERmL/METEOROID 

PROTECTION 

-Insulation 

•Meteoroid 
Protection 

DOCKING 

-Propellant 
Tank 

.Forward 
Bulkhead 
.Cylinder 
Section 
.Aft 
Bulkhead 

-Engine Thrust 
Structure 

-Forward Skirt 

-Aft Skirt 

-Tunnel 5 Fairing 

-Exterior Finish ^ Sealer 

Equipment Support Structure 

Astrionics Module Structure 

-Aero Nose Cone Structure (Expendable) 

-Active Ring 

-Passive Ring 

MAIN 
PROPULSION 

•NERVA Engine 

•External 
Disc Shield 
For NERVA 

AUXILIARY 
PROPULSION 

-Reaction 
Control 

•Purge System 
5 Leak Detection 

L-Propellant Management 

.Propellant Feed 

.Ground Fill and 
Drain/Orbital 
Refueling 
.Pressurization 
.Vent 

ASTRIONICS SAFETY/ORDNANCE 

-Safety 

-Ordnance 

-Inertial 
Measuring 
Unit 

-Inertial State 
Vector Updating 
Sensors 

.Position Updating 

.Attitude L^dating 

.Relative Position 

-Information Management 
System 

.Digital Computer 

.Communications § 
Tracking 

-Electrical Power 
^ 0) 
o -o 
^ 0} 
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S T R U C T U R E 

T h e m a j o r e l e m e n t s c o m b i n i n g to f o r m t h e s t r u c t u r e s u b ­
s y s t e m c o n s i s t of p r o p e l l a n t t ank , eng ine t h r u s t s t r u c t u r e , s k i r t s , 
t unne l and f a i r i n g , e x t e r i o r f in ish and s e a l e r , e q u i p m e n t s u p p o r t 
s t r u c t u r e , a s t r i o n i c s m o d u l e s t r u c t u r e , and a e r o n o s e cone s t r u c t u r e 
( e x p e n d a b l e ) . 

P r o p e l l a n t Tank 

T h e p r o p e l l a n t t ank c o n s i s t s of the f o r w a r d and aft b u l k h e a d s 
and t h e c y l i n d r i c a l s i d e w a l l s . The m a t e r i a l employed in i t s f a b r i c a ­
t ion is a l u m i n u m a l loy 2014-T6 . 

F o r w a r d Bu lkhead 

T h e f o r w a r d bu lkhead is a modi f ied e l l i p t i c a l r e f e r r e d to a s 
o b l a t e s p h e r o i d wi th an a s p e c t r a t i o of 1. 5 and is p r e f e r r e d to a 
s t r a i g h t e l l i p t i c a l b e c a u s e of i ts h i g h e r v o l u m e t r i c e f f ic iency . 

I ts g e o m e t r y in C a r t e s i a n C o - o r d i n a t e s is g iven by: 

2a s in 0 
( s m 0+1) 

2a r cos 0 ^ 2 cos 0 "l 
2 -

w h e r e 

and 

r cos 0 
'^ ~ 3 [ ( s i n 0+1) ^ ~ ( s i n 0 + l ) j 

a = one half t h e m a j o r a x i s 

0 = a n g l e b e t w e e n Y a ^ i s and t h e n o r m a l to t angen t at t h e 
point def ined by X and Y c o o r d i n a t e s . 

Monocoque c o n s t r u c t i o n has b e e n c h o s e n for i t s c o n s t r u c t i o n s i n c e t h e 
d e s i g n cond i t ion is p r e s s u r e . 

Two d e s i g n c o n d i t i o n s w e r e i n v e s t i g a t e d for t h e b u l k h e a d . 

S ince t h e t ank is i n v e r t e d d u r i n g b o o s t , t h e bu lkhead , in 
add i t ion to u l l a g e p r e s s u r e , h a s to s u s t a i n t h e d y n a m i c head of t h e 
p r o p e l l a n t which r e a c h e s a m a x i m u m at S-IC c e n t e r eng ine cutoff 
( C E C O ) . T h e o t h e r cond i t ion is t h e m a x i m u m u l l a g e p r e s s u r e of 27. 5 
p s ig a t -250 F , t h e p r e s s u r a n t t e m p e r a t u r e . A l though t h e t e m p e r a t u r e 
of t h e f o r w a r d bu lkhead is a t -423 F du r ing t h e b o o s t p h a s e , t h e 
i n c r e a s e d s t r e n g t h a t t h a t t e m p e r a t u r e i s not suff ic ient to offset t h e 
d i f f e r e n c e i n p r e s s u r e b e t w e e n t h e two c a s e s and t h e r e f o r e the C E C O 
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condition sized the membrane. Table 5-2 summarizes the loading 
intensities and the corresponding membrane thickness. 

Cylinder Section 

Waffle construct ion (Section C-C of F igure 5-2) with 0-90 degree 
rib or ientat ion was selected for the stiffening of the cyl indrical sidewalls 
sized for an u l t imate loading intensity of 365 lb / in . occurr ing at Max 
(q a) and at LH2 t e m p e r a t u r e of -423 F , The corresponding p r e s s u r e 
differential at that condition is 25. 0 psig. The design p r e s s u r e of the 
m e m b r a n e is 27. 5 psig at -250 F occurr ing during space operat ions. 
The resul t ing s t ruc tura l s izes a r e 0. 104 inches for the tank wall thickness 
and 0.13 inches for the waffle r ib s . Ci rcumferent ia l and longitudinal rib 
pitch a r e 18. 0 and 36. 0 inches, respect ive ly , and their height is 1. 5 
inches. Detai ls of the cyl indrical section stiffening a r e also given in 
F igu re 5. 3. Skirt bolting rings have been included at each end of the 
cyl indr ical section to provide for the at tachment of the sk i r t s as shown 
in detai ls B and D of F i g u r e 5. 2. 

0 - 9 0 ° WAFFLE 

0, 13' 

1.5' 

0.104" 

Figure 5-3 . Tank Sidewall Construction 

Aft Bulkhead 

As for the forward bulkhead, the construction of the aft bulkhead 
is essent ia l ly monocoque since the p r i m a r y design condition is p r e s s u r e 
(bulkhead depleted, p r e s s u r e = 27. 5 psi and t e m p e r a t u r e = -250 F) , 
Table 5-3 s u m m a r i z e s the loading intensi t ies and the corresponding 
m e m b r a n e th ickness for the la t te r condition. A bolting ring is incorporat­
ed at the in tersec t ion with the th rus t s t ruc tu re to attach the la t te r to it. 
Detail of this a s sembly is given in the main vie'w of F igure 5-2. 
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Table 5-2 Loading Intensi t ies and Wall Thickness for the 
Oblate Spheroid F o r w a r d Bulkhead 

Condition Max. Acceleration 
@ -425°F 

Max. Ullage Pressure 
(5 -2£0QF 

Station 
0° 

Meridional 
Load 
N0 

(lb7in) 

Hoop 
Load 
NQ 

(Ib/ini 

tw 

(in) 

Meridional 
Load 
N0 

(lb/in) 

Hoop 
Load 

(lb 
NQ 

b/in) 

tv 

(in) 

0 

20 

40 

60 

80 

90 

9483 

7083 

5763 

5055 

4741 

4703 

9483 

4623 

1972 

528 

-165 

-264 

0.105 

0.078 

0.064 

0.056 

0.053 

0 1.161=1 

7587 

5680 

4640 

4085 

3840 

3811 

7587 

3737 

1657 

547 

58 

0 

0.104 

0.078 

0.063 

0.056 

0.053 

0.161* 

* Thickness based on weld land. The material thickness tapers between 
s t a t i o n s . 

2a sin ^ 

(sin ^ + 1) 

cos ^ 2 cos ^ 
(sin ^ + 1) 

^ a = I9S.O 
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T a b l e 5-3u Load ing I n t e n s i t i e s a n d Wal l T h i c k n e s s e s fo r the 
C o n i c a l Aft B u l k h e a d 

Condi t ion 

S ta t ion 
Y 

(in) 

0 

21 

110 

260 

410 

560 

710 

860 

1010 

1160 

1269 

Max. Ul lage P r e s s u r e 
@ -250 F 

M e r i d i o n a l 
Load 

N0 
( l b / i n ) 

481.25 

481.25 

740.00 

1176 

1624 

2088 

2568 

3067 

3589 

4136 

4479 

Hoop 
Load 
N Q 

( l b / i n ) 

481.25 

481.25 

1454. 

2274. 

3093 

3913 

4733 

5552 

6372 

7191 

7642 

Cin) 

0.030 

0.030 

0.030 

0.031 

0.042 

0,053 

0.064 

0.076 

0.087 

0,098 

0,161* 

* T h i c k n e s s b a s e d on we ld land . The m a t e r i a l t a p e r s b e t w e e n 
s t a t i o n s . 

3 0 " T r a n s i t i o n S e c t i o n 

2 5 " Rad 

1269" * 
O 
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Engine Thrus t S t ruc tu re 

The thrus t s t ruc tu re shown in F igu re 5-2 is a cone frustum 
approximate ly 107 inches long to which is attached the act ive docking ring 
of the neuter dock concept developed by the NR/SD Space Station study 
for potential application to interfacing space p r o g r a m elements . Because 
of t h e r m a l considera t ions the naater ial selected for the thrus t s t ruc tu re 
is 6A1-4V t i tanium alloy which has a substantial ly lower conductivity 
than aluminum. Boron epoxy and fiber g lass would be super ior in this 
application; however , the vicinity of the thrus t s t r uc tu r e to the NERVA 
and to the consequent h igh-radia t ion dose ra tes prec ludes their use until 
s t ruc tu ra l degradat ion of these m a t e r i a l s is a s s e s s e d . The upper edge 
of the thrus t s t ruc tu re is bolted to a ring integral with the aft conical 
bulkhead. The construct ion selected is r ing-stiffened -with the bas ic 
skin, tsk = 0. 10 inches. 

For'ward Skirt 

To min imize heat leak to the tank the forward skir t incorpora tes 
a 4-foot heat block consist ing of 0. 04 inches fiber glass faced sandwich 
with a 2, 0 inch HRP honeycomb core . The heat block is located next to 
the tank at tach point as shown in detai l D of F igu re 5-2. 

The basic construct ion selected for the ski r t s t ruc tu re is 
integral ly , longitudinally stiffened a luminum alloy 7075-T73, with 1. 50 
inches uprights at a 4. 32-inch pitch. The f rames required with this 
construct ion a r e mechanica l ly fastened to the inside face of the skin at 
a pitch of approximate ly 30 inches. The stiffener pitch of 4, 32 inches 
has been chosen for compatibi l i ty with the bolt spacing and stiffener 
dis t r ibut ion of the S-II forward ski r t and interface joint. This is 
n e c e s s a r y to maintain load path continuity during boost. The upright 
th icknesses vary from 0. 165 to 0. 20 inches while the skin thickness 
t ape r s from 0. 11 to 0. 133 inches . The f rame c r o s s section is 
approximate ly 2, 0 square inches. 

Aft Skirt 

The s ame bas ic construct ion is used for the aft as for the 
forward ski rt, A heat block with the same dimensions and for the s ame 
purpose i. e. , heat leakage mit igat ion to the tank, is employed. The heat 
block is located next to the tank at tach point as shown in detai l B of 
F i g u r e 5 -2 . To the aft edge of the heat block is at tached a f rame which 
doubles as ae ro nose cone support and as an anchor point for s tage 
t ranspor ta t ion and KSC opera t ions . 

* 
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T u n n e l and F a i r i n g 

A s y s t e m s t unne l running t h e l e n g t h of t h e s t a g e is shown m 
F i g u r e 5 -2 . F a i r i n g s a t t h e f o r w a r d and aft s k i r t s a r e u sed to s m o o t h 
out t h e a i r flow o v e r t h e t unne l on t h e c y l i n d r i c a l p o r t i o n of t h e s t a g e . 
The t u n n e l h o u s e s t h e 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 and t h e s u n d r y 
e l e c t r i c a l w i r e s and c o a x i a l s c a b l e s to t h e NERVA, t h e r m o - d y n a m i c 
ven t , and o r d n a n c e for t h e p r o p e l l a n t d i s p e r s i o n . 

A s p r e s e n t l y p r o j e c t e d , b a s e d on S-II e x p e r i e n c e , t h e f a i r i ngs 
c o n s i s t of f i b e r g l a s s s h e e t e d half c o n e s s u p p o r t e d by f o r m e r s a t t a ched 
to t h e s k i r t s . T h e tunne l is h e m i s p h e r i c a l in c r o s s - s e c t i o n and hinged 
about one of i ts edges to p e r m i t a c c e s s for i n s p e c t i o n and r e p a i r of the 
c o m p o n e n t s w i t h m it. 

E x t e r i o r F i n i s h and S e a l e r 

Al l exposed s u r f a c e s a r e pa in ted with a wh i t e epoxy p o l y m i d e 
a i r d r y i n g p r i m e r whi le t h e c l o s e d - c e l l foam app l ied to the t ank wal l for 
c r y o p u m p i n g p r e v e n t i o n , r e c e i v e s a s e a l i n g coat of c h e m s e a l po ly -
u r e t h a n e and a f in ish coat of d y n a t h e r m . T h e s e f in i shes a r e a d i r e c t 
r e s u l t of a n a l y s i s and t e s t s on the foam employed o v e r the S-II LH^ tank 
m t y p i c a l S a t u r n V ground hold and boos t e n v i r o n m e n t s . 

E q u i p m e n t Suppor t S t r u c t u r e 

U n d e r t h i s d e s i g n a t i o n is inc luded the a l u m i n u m a l loy b u i l t - u p 
c o n s t r u c t i o n employed m a i n l y m t h e f o r w a r d s k i r t and A s t r i o n i c s bay 
a r e a to s u p p o r t t h e GN&C, e l e c t r i c a l s u b s y s t e m , RCS b o t t l e s c r a d l e s 
and t h e dock ing c o n e , p lus t h e t r a c k s to f a c i l i t a t e r e m o v a l and r e p l a c e ­
m e n t of c o m p o n e n t s and s u n d r y c l i p s and b r a c k e t s . The m a j o r i t y of 
t h e s e i t e m s h a v e been ident i f ied in F i g u r e 5 -2 , a l be i t m a ske t chy 
m a n n e r . F u r t h e r def in i t ion of t h i s a r e a •will be a c c o m p l i s h e d a s the 
load ing e n v i r o n m e n t and f m a l i z a t i o n of e q u i p m e n t s i z e and loca t ion a r e 
e s t a b l i s h e d , 

A s t r i o n i c Module S t r u c t u r e 

The A s t r i o n i c s Modu le s t r u c t u r e is 60 i n c h e s high and can be 
c o n s i d e r e d i n t e g r a l with t h e f o r w a r d s k i r t s i n c e it i s an ex t ens ion of it . 
T h e c o n s t r u c t i o n is t h e r e f o r e i n t e g r a l l y , l ong i tud ina l ly st iffened 
a l u m i n u m a l l oy 7 0 7 5 - T 7 3 , wi th 1, 5 i n c h e s u p r i g h t s a t a 4. 32 inch p i tch . 
As d i s c u s s e d m t h e f o r w a r d s k i r t s e c t i o n t h e l a t t e r i s b a s e d on c o m p a t i ­
b i l i t y wi th the bol t s p a c i n g and s t i f f ene r d i s t r i b u t i o n of t h e S-II f o rward 
s k i r t and i n t e r f a c e jo in t . F r a m e s a r e l o c a t e d i n t e r n a l l y at a p p r o x i m a t e l y 
30 inch p i t c h . 
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A e r o N o s e Cone 

T h e n o s e c o n e c o v e r shown dot ted in F i g u r e 5 -2 is emp loyed d u r i n g 
t h e b o o s t p h a s e t h r o u g h t h e s e n s i b l e a t r a o s p h e r e to p r o t e c t t h e m e t e o r o i d / 
t h e r m a l p r o t e c t i o n o v e r t h e c o n i c a l aft bu lkhead f r o m t h e r m a l a s w e l l a s 
d y n a m i c p r e s s u r e l o a d i n g . It m a y b e j e t t i s o n e d o n c e t h e q load ing d r o p s 
be low 1. 0 psf; h o w e v e r , r e u s e c o n s i d e r a t i o n s would r e q u i r e t h a t t h e 
s h r o u d b e c a r r i e d to o r b i t , d i s m a n t l e d and r e t u r n e d via Space Shu t t l e . 
T h e c o n s t r u c t i o n employed for i t s f a b r i c a t i o n i s h o n e y c o m b s a n d w i c h w i t h 
0. 0 7 9 - i n c h f iber g l a s s f ac ings and a 3 . 0 - i n c h t h i c k c o r e . It is a t t a c h e d to 
the aft s k i r t edge m e m b e r by e i t h e r e x p l o s i v e b o l t s or q u i c k r e l e a s e 
f a s t e n e r s , depend ing on w h e t h e r it is e x p e n d a b l e o r r e c o v e r a b l e . One m o d e 
of d i s p o s a l is t o cut t h e cone into g o r e s wh ich would in t u r n dep loy and b e 
fo rce fu l ly e jec ted away f r o m t h e v e h i c l 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 

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 t h e 
exposed s u r f a c e s of t h e v e h i c l e , a s shown in F i g u r e 5-2 and de t a i l ed in 
Sec t ion C - C , and d e t a i l s B and D. Def in i t ion of t h e i n s t a l l a t i o n is a l s o 
g iven in F i g u r e s 5-4 and 5 -5 wh ich r e p r e s e n t i n t e g r a t e d H P I / 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 d e s i g n w h e r e i n H P I func t ions not only to t h e r m a l l y 
p r o t e c t t h e 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 i on , 
t he i n t e g r a l n a t u r e of t h e s e c o n c e p t s p r o v i d e (1) p r o t e c t i o n for t h e H P I frona 
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 e a l e d a r e a for t h e 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 a u n c h 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 a f forded by t h e t ank 
w a l l w h i c h 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 t h e s y s t e m . 

T h e double b u m p e r c o n c e p t , e m p l o y e d o v e r t h e t ank s i d e w a l l s , 
c o n s i s t s of two l a y e r s of f ibe r g l a s s 0. 030 and 0, 010 i n c h e s t h i ck for t h e 
o u t e r and i n n e 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 n c h e s net of G A C - 9 
in t h r e e s e p a r a t e p a n e l s , 0, 5 i n c h e s each . The d e s i g n is as shown in 
F i g u r e 5-4 . Both b u m p e r s a r e c o n t i n u o u s c y l i n d e r s wi th t h e o u t e r 
s h e e t b e a d e d to i m p a r t 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 . T h e two s h e e t s 
a r e kep t a p a r t by r o w s of r a d i a l f ibe r g l a s s p o s t s spaced a p p r o x i m a t e l y 
8. 6 i n c h e s c i r c u m f e r e n t i a l l y and 8 feet l ong i tud ina l l y . T h e i n s u l a t i o n 
p a n e l s " h a n g " f r o m t h e s e p o s t s . To avoid i m p o s i n g e x c e s s i v e b e a r i n g 
l o a d s on t h e " f l i m s y " a l u m i n i z e d m y l a r l a y e r s of t h e H P I , d a c r o n s t r a p s 
a r e u s e d on e i t h e r s i d e of t h e p a n e l a t e a c h p o s t l o c a t i o n . T h e s e s t r a p s 
a r e u s e d to d i s c r e t e l y p ick up t h e weigh t of the i n s u l a t i o n a t t h e d e n s i t y 
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c o n t r o l p i n s . T h e l a t t e r c o n s i s t of 30 m i l nylon p ins which a r e spaced 
l ong i tud ina l l y in l i n e wi th e a c h p o s t and to w h i c h is app l ied a th in a d h e s i v e 
c o a t i n g . By s p e c i a l t e c h n i q u e s deve loped a t N R / S D p r e c i s i o n p e r f o r a ­
t ions in t h e H P I p a n e l s a r e f o r m e d wi thout i n c u r r i n g p i e r c i n g o r t e a r i n g 
of t h e i n s u l a t i o n . T h e p ins a r e t h e n i n s e r t e d in t h e p e r f o r a t i o n s and 
bonded to t h e ind iv idua l H P I l a y e r s of t h e p a n e l in a s i ng l e o p e r a t i o n . 
The pin ends a r e bonded to t h e d a c r o n s t r a p s . 

T h e i n n e r b u m p e r is p e r f o r a t e d to a l low the p u r g e g a s s e s to 
e s c a p e into v e r t i c a l c h a n n e l s p r e c u t in t h e t ank s i d e w a l l c l o s e d ce l l 
s p r a y e d foam. 

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 o v e r the c o n i c a l aft bu lkhead 
is a s i n g l e b u m p e r d e s i g n a s shown in F i g u r e 5 -5 . P u r g e g a s s e s in t h i s 
i n s t a n c e a r e e v a c u a t e d t h r o u g h t h e a n n u l a r s p a c e f o r m e d be tween p a n e l s . 
T h i s is a c c o m p l i s h e d by s u b s t i t u t i n g t h e d a c r o n s t r a p s with r ig id f iber 
g l a s s epoxy mo lded s t r a p s . 

F i g u r e 5-2 shows t h e e x t e r n a l 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 y s t e m 
subd iv ided into t h r e e s e g m e n t s , i. e. , a s h o r t c y l i n d r i c a l s e g m e n t o v e r t h e 
eng ine t h r u s t s t r u c t u r e a t t a c h e d to t h e aft end of t h e l a t t e r , a con i ca l 
s e g m e n t o v e r t h e aft b u l k h e a d a t t a c h e d to t h e aft s k i r t , and a c y l i n d r i c a l 
s e g m e n t c o v e r i n g t h e b a l a n c e of t h e e x t e r n a l s u r f a c e inc luding t h e s k i r t 
h e a t b l o c k s and a t t a c h e d to t h e aft end of the aft s k i r t . Add i t iona l ly , 
i n s u l a t i o n m e t e o r o i d p r o t e c t i o n b l a n k e t s a r e p r o v i d e d ove r the f o r w a r d 
bu lkhead a r o u n d t h e i n s i d e of t h e f o r w a r d and aft s k i r t , and ove r t h e aft 
bu lkhead c a p and a r o u n d t h e i n s i d e of t h e eng ine t h r u s t s t r u c t u r e wi th 
a t t a c h m e n t to t h e s k i r t s only . T h i s a r r a n g e m e n t e l i m i n a t e s d i r e c t h e a t 
p a t h s b e t w e e n t h e i n s u l a t i o n and t h e t ank w a l l , yet a c c o m m o d a t e s t h e 
r e l a t i v e t h e r m a l d e f l e c t i o n s b e t w e e n t ank and s h e l l . 

DOCKING 

T h e s t a g e i n t e r f a c e s wi th t h e NERVA at t h e aft end and wi th o the r 
po t en t i a l s p a c e p r o g r a m e l e m e n t s a t t h e f o r w a r d end. T h e s e e l e m e n t s inc lude 
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 , S p a c e Tug, and pay load . The N e u t e r 
Docking s y s t e m d e v e l o p e d by N R / S D u n d e r t h e S p a c e S ta t ion Study is e m p l o y e d 
a t bo th ends of t h e s t a g e to m a x i m i z e c o m m o n a l i t y . 

T h e docking s y s t e m c o n s i s t s of an a c t i v e a s s e m b l y and a p a s s i v e 
r i n g . A c t i v e a s s e m b l i e s a r e m o u n t e d to t h e docking cone at t he f o r w a r d 
end of t h e s t a g e , and to t h e t h r u s t s t r u c t u r e a t t h e aft end, A p a s s i v e 
r ing is a t t a c h e d to t h e NERVA f o r w a r d t h r u s t s t r u c t u r e to m a t e with t h e 
s t a g e in o r b i t and to f a c i l i t a t e eng ine r e m o v a l and d i s p o s a l , if r e q u i r e d . 
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A c t i v e Ring a n d Cone A s s e m b l y 

T h i s a s s e m b l y i s shown in F i g u r e 5 - 6 and c o n s i s t s of a r i n g , c o n e , 
c a p t u r e l a t c h e s , a t t e n u a t o r and r e t r a c t o r c y l i n d e r s , docking l a t c h e s , and 
docking s e a l s . T h e cone i s a t t a c h e d to s ix p a i r s of p n e u m a t i c a l l y o p e r a t e d 
a t t e n u a t o r and r e t r a c t o r c y l i n d e r s t h a t p r o v i d e a 10- inch s t r o k e . T h e cone 
i s s l o t t e d to p r o v i d e f i n g e r s wh ich a r e s p a c e d and t a p e r e d so tha t an i d e n t i ­
c a l , a p p r o a c h i n g cone w i l l m e s h wi th it. The i n t e r m e s h i n g t a p e r e d f i n g e r s 
p r o v i d e r a d i a l and a n g u l a r index ing c a p a b i l i t y a s they m e s h . The c a p t u r e 
l a t c h s u b a s s e m b l i e s c o n s i s t of two p a i r of d i a m e t r i c a l l y o p p o s e d l a t c h e s 
t h a t a r e m o u n t e d in r e c e s s e s in the cone . F o u r k e y e d n o t c h e s a l s o a r e 
l o c a t e d in the cone so t h a t t h e cone w i l l c a p t u r e an a p p r o a c h i n g cone o r 
p a s s i v e r i n g . The c a p t u r e l a t c h e s s e r v e to t i e two c o n e s o r a cone and a 
p a s s i v e r i n g t o g e t h e r un t i l r e t r a c t i o n o c c u r s and the docking l a t c h e s a r e 
engaged . 

A docking r i n g wh ich i s bu i l t (we lded o r bol ted) in to t h e v e h i c l e 
s t r u c t u r e p r o v i d e s the docking s e a l s u r f a c e . Dua l s e a l s fit in to g r o o v e s 
m a c h i n e d into t h i s s u r f a c e . The docking r i n g a l s o p r o v i d e s the s t r u c t u r a l 
a t t a c h m e n t p o i n t s for the a t t e n u a t o r and r e t r a c t o r s and the docking l a t c h e s . 
The n o t c h e s into wh ich t h e docking l a t c h e s of a m a t i n g r i n g f a s t e n a l s o a r e 
p r o v i d e d i n s i d e t h e docking r i n g . 

When the a t t e n u a t o r and r e t r a c t o r s a r e a c t u a t e d , the cone i s r e t r a c t e d 
in to the docking r i n g . The docking r i n g i n s i d e s u r f a c e i s t a p e r e d and a 
m a t c h i n g t a p e r e x i s t s on the cone . T h e s e s u r f a c e s c o m e t o g e t h e r to p r o ­
v ide f ina l a l i g n m e n t and s h e a r c a p a b i l i t y . T h e 12 i n d e p e n d e n t l y o p e r a t i n g 
a u t o m a t i c docking l a t c h e s a r e t h e n e n g a g e d to lock the docking r i n g s 
t o g e t h e r . 

P a s s i v e Ring A s s e m b l v 

T h e p a s s i v e r ing a s s e m b l y , a l s o shown in F i g u r e 5 -6 , does not 
h a v e any a c t i v e c o m p o n e n t s . It is a m a c h i n e d a l u m i n u m a l loy r ing hav ing 
a docked s e a l face and a t a p e r e d i n s i d e s u r f a c e wi th n o t c h e s , to r e c e i v e 
t h e cone t a p e r e d f i n g e r s , t h e c a p t u r e l a t c h e s , and t h e dock ing l a t c h e s of 
t h e m a t i n g a c t i v e r ing and cone a s s e m b l y . The dock ing r ing is welded 
o r bo l t ed to t h e ad jo in ing and s u p p o r t i n g s t r u c t u r e . 
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MAIN PROPULSION 

This sect ion includes the NERVA engine and its external radiat ion 
disc shield for manned mis s ions , and stage related subsys tems requi red 
for the p roper operat ion of the vehicle . The la t te r a r e covered under 
Prope l lan t Management and include the propellant feed, p ressur iza t ion , 
fill and drain,and venting subsys tems . 

NERVA Engine 

The NERVA engine, i l lus t ra ted in F igure 5-7 , ut i l izes a nuclear 
react ion to provide heat to l iquid-hydrogen propellant in a "full-flow" cycle 
and thus obtain a h igh-speci f ic - impulse propulsive force. In the full-flow 
cycle, all propellant (including turbine drive fluid) pa s se s through the 
reac to r core and the nozzle to produce thrus t , thus maximizing specific 
impulse . 

Thrus t is genera ted by hydrogen which is heated under p r e s s u r e in 
the r eac to r core and expelled through a De Laval nozzle. The hydrogen 
is supplied from the tank by means of dual turbopumps and flows through 
cooling passages in the nozzle wall and ref lector before reaching the 
r eac to r . Energy t r a n s f e r r e d to the hydrogen in the cooling passages is 
ext rac ted by the fiill-flow turbines to drive the pumps. Bypass valves 
control the output of the turbopumps and thus regulate chamber p r e s s u r e . 
Reactor power is regulated to maintain a des i red chamber t empera tu re by 
control d rums and by s t ruc tu ra l support coolant valves (which control the 
hydrogen density in the r eac to r support s t ruc tu re ) . 

The p r i m a r y design requ i rement s include the capability of providing 
nominal ra ted thrus t and specific impulse of 75, 000 pounds and 825 seconds, 
respect ive ly , and a 10-hour operating life at rated t e m p e r a t u r e , acciimulated 
in as many as 60 operating cyc les . The engine is requi red to per form with 
high rel iabi l i ty and safety for m a n - r a t e d appl icat ions. 

The two basic e lements of engine control are turbine power and 
react ivi ty . Both a re used in the control of the p r i m a r y engine va r i ab l e s : 
chamber t empera tu re and p r e s s u r e as demanded by the engine p r o g r a m m e r . 
Input to the p r o g r a m m e r comes from the stage or g round- tes t control and 
is typically the s ta r t command, set points, shutdown, and emergency 
act ions . The engine rel iabi l i ty al location is 0. 995 and is to be m a n - r a t e d 
requiring that maximum effort in the design be di rec ted towards the 
el imination of single fa i lures or combinations of fai lures that could 
endanger personnel , including the launch crew and genera l public. 
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Diagnostic ins t rumentat ion, adequate to detect de ter iora t ing situations 
or incipient fa i lures , will be selected and the abili ty to overr ide the engine 
p r o g r a m m e r remote ly by the crew and ground control (as well as the 
capabili ty for remote th rus t reduction independent of the engine p rogram) 
will be provided. Additionally, the engine will incorpora te nneans of 
preventing accidental cr i t ica l i ty during all ground and space opera t ions . 
An ant ic r i t ica l i ty de s t ruc t sys tem will be provided for launch and ascent . 
Also, the engine is being designed for maintainabil i ty both on the ground 
and in space. Radiation shielding for protect ion of crew and pa s senge r s is 
designed for removal and re insta l la t ion in space . The reference design 
provides a single separa t ion plane to pe rmi t the engine replacement on the 
stage. In addition, the var ious subsys tems of the engine a re being 
modular ized to simplify replacement of failed components . 

Safety r equ i rement s of the overal l flight sys tem dictate the need for 
a second turbopump leg or branch to provide redundancy of the active 
functional e lements of the engine. Prov is ion a lso is made for isolating 
each leg from the sys tem in case of a malfunction. F o r reliabil i ty, 
additional bypass control valves a re added so that in the case of a failure 
of a single valve, the redundant turbopump leg will not fail a lso . Redundant 
valves a re a lso provided in the cooldown line and the s t ruc tu ra l support 
coolant sys tem. 

Not shown in the figure is the neuter pass ive docking ring, descr ibed 
under Docking Subsystem, which is at tached to the upper thrus t s t ruc ture 
of the NERVA. 

The cu r ren t calculated and projected weights of the engine a re 
p resen ted in Table 5-4. F o r unmanned miss ion applicat ions, the engine 
will not be equipped with an external shield. The weights stated apply to 
the engine in the operating state (without the de s t ruc t subsystem). They 
do include a projected weight allocation of 500 pounds for the s tage-mounted 
por t ion of the NERVA digital ins t rumenta t ion and control e lec t ron ics , 
located forward of the p r i m a r y engine-s tage in terface . The weight employed 
in the stage definition is the cu r ren t calculation shown in the table. 

Table 5-4. Nerva Engine Weight Summary 

Curren t 
Calculation Target 

Engine weight, 
excluding external shield 27, 728 lb . 23, 500 lb. 
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E s t i m a t e d l o c a t i o n s of the eng ine c e n t e r of g r a v i t y (C. G. ), wi th and 
wi thou t e x t e r n a l s h i e l d , a r e shown in F i g u r e 5 - 8 . The C. G. l o c a t i o n s a r e 
for the g i m b a l e d e n g i n e , e x c l u s i v e of a l l e q u i p m e n t f o r w a r d of the g i m b a l 
po in t . 

P r e l i m i n a r y v a l u e s of m o m e n t s of i n e r t i a of the d r y eng ine , in 
o p e r a t i n g con f igu ra t i on , t a k e n about the g i m b a l point (X = 23 . 0 in . , 
Y = 0 in . , Z = 0 in . ) and u s ing c a l c u l a t e d w e i g h t s , a r e p r e s e n t e d in 
T a b l e 5-5 . 

T a b l e 5 - 5 . M o m e n t of I n e r t i a About G imba l P o i n t 

Wi th Without 

E x t e r n a l Sh ie ld E x t e r n a l Shield 

Ro l l a x i s , s lug - f t ^ 6 , 2 7 5 3 ,800 

P i t c h a x i s , s lug - f t^ 9 0 , 7 2 3 8 3 , 6 1 8 

Yaw a x i s , s lug - f t ^ 9 0 , 6 9 2 83 ,587 

The g i m b a l a s s e m b l y s u b s y s t e m p r o v i d e s a c a p a b i l i t y for ad jus t ing 
the t h r u s t v e c t o r angle by a t l e a s t +3 d e g r e e s in any d i r e c t i o n . Of t h i s , 
± 1 . 5 d e g r e e s is a l l o c a t e d to v e h i c l e m i s a l i g n m e n t c o m p e n s a t i o n . The r a t e 
c a p a b i l i t y of the s u b s y s t e m i s 0. 25 d e g / s e c and the a c c e l e r a t i o n c a p a b i l i t y 
i s 0. 50 d e g / s e c . The a c t u a t o r s a r e e l e c t r i c a l l y o p e r a t e d and r e s p o n d to 
p o s i t i o n c o m m a n d s i g n a l s r e c e i v e d f r o m NERVA d ig i t a l I&tC e l e c t r o n i c s 
s y s t e m . 

The eng ine is d e s i g n e d for a m i n i m u m usefu l life in v a r i o u s c a t e g o r i e s , 
a s shown in Tab le 5 -6 , and i s r e q u i r e d to p e r f o r m wi thout d e g r a d a t i o n of 
r e l i a b i l i t y , p e r f o r m a n c e , and e n d u r a n c e s u b s e q u e n t to the s t o r a g e d e s i g n a t e d . 

T a b l e 5-6 . N e r v a Useful Life 

Life C a t e g o r y R e q u i r e m e n t 

O p e r a t i n g Life a t 4250°R T^ 500 m i n ( m i n i m u m ) 
(60 c y c l e s ) 

Space Life ( O p e r a t i n g and N o n o p e r a t i n g ) 3 y e a r s 

G r o u n d S t o r a g e and P r e - L a u n c h O p e r a t i o n s 

S t o r a g e ( c o n t r o l l e d e n v i r o n m e n t ) 5 y e a r s 
L a u n c h P a d E n v i r o n m e n t 6 m o n t h s 
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Externa l Disc Shield for NERVA 

The weight for the external disc shield to satisfy the 10 REM integral 
tank top dose c r i t e r ion , is 4050 pounds with a 44-inch disc rad ius . This 
resvilt is based on G 4 SCAT and WAND-REV computations based nominally 
on the CRAM model 10, 000 pound, 50-inch radius external disc shield 
design. 

Purge and Leak Detection 

During the prelaunch, hold and boost to ear th orbit , the HPI has to 
be maintained in an iner t , dry a tmosphe re . One major reason for this 
conditioning is that mo i s tu re will tend to remove the aluminized layer 
over the plast ic film, whether myla r or kapton, and any other contaminant 
on the surface of the HPI may cause continuous outgassing with a consequent 
degradat ion of the insulation p rope r t i e s . Therefore , c i rcumferent ia l 
inlet manifolds a re located at the edge of each major segment of the 
M e t e o r o i d / T h e r m a l protect ion subsys tem to diffuse ni trogen gas within 
the insulation. These manifolds a re connected to ground support equipment 
l ines for the pumping of GN2 at p r e s s u r e s above ambient to maintain an 
outflow of gas at the exit. At the other end of each major segment of the 
M e t e o r o i d / T h e r m a l protect ion subsys tem a gas permeable membrane is 
used to allow an even dis t r ibut ion throughout the HPI of the inert gas . 
The p r e s s u r e differential and gas flow have not as yet been identified. 
Fu r the r work is needed in this a rea to a s s i s t in sizing of the manifolds. 

Propel lant Management System 

The approach taken in establishing operational techniques and system 
design for management of the stage propellant has been to t r ea t hydro­
dynamics and thermodynamics as a single, integrated study task. This 
approach is dictated by the miss ion requ i rements and the physical and 
thermodynamic p rope r t i e s of liquid hydrogen. 

A pass ive propel lant management which exploits the inherent 
cha r ac t e r i s t i c s of the hydrogen, and the shape and size of the RNS is 
recommended. The cha rac t e r i s t i c s utilized a re the large stage volume, 
high fineness ra t io , l a rge ullage c rea ted by the TLI and LOI burns (2/3 of 
propel lant uti l ized), ullage strat if icat ion during p ressu r i za t ion (for a 
diffuser-type p r e s s u r i z a t i o n inlet), and the natural tendency for hydrogen 
to stratify because of heat leak. Pa s s ive propellant management uti l izes 
ve r t i ca l ullage t empera tu re gradients that occur during p ressur i za t ion 
and the slow approach to thermodynamic equil ibrium (long conduction path. 
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smal l gradients) to reduce boiloff and burnout r e s idua l s . Combined with 
a judicious propel lant feed sys tem, the integrated design resu l t s in 
improved the rma l control and overal l operat ional s implici ty. The 
capi l la ry devices , d i scussed below under Propel lan t Feed System and 
used for propel lant acquisi t ion and location control a re a lso used to 
mit iggate active mixing of ullage vapors and liquid hydrogen. In the same 
vein, such devices as liquid m i x e r s and ullage sp rays , which at tempt to 
mainta in thermodynamic equi l ibr ium, have been purposely avoided. 

The resul tant fluid sys tem presen ted schemat ical ly in F igure 5-9 
provides an overview of the propellant feed, p res su r i za t ion , fill and drain, 
and vent subsys tems . Only those detai ls of the NERVA fluid sys tem which 
have a di rect in te r re la t ionship with the stage propellant feed, cooldown, 
and p r e s su r i za t i on subsys tems are shown. Also included are detai ls of 
the ground and orbi tal fill subsys tems . Table 5-7 identifies the numbered 
components in the schemat ic . 

Some components of the fluid system a re util ized for dual functions. 
For example, the orbi tal fill line (5) is used as a vent line during ground 
fill and the emergency vent valves (17) a r e used as fill valves during the 
ground fill operat ion. During orbi ta l fill, the LH2 fluid flow is controlled 
by the on-off orbi ta l fill valve (2) and the orbi tal fill proport ioning valve (3) 
d i s t r ibu tes the flow between the spray head (4) and orbi ta l fill line (5). The 
sprayed LH2 col lapses the ullage and liquid LH2 is del ivered to the bottom 
of the RNS tank downst ream of the cooldown compar tment capi l lary b a r r i e r . 

The thermodynamic vent subsys tem is compr ised of in-orbi t vent 
valves (9), vent thrott l ing valves (10), propellant conditioning flow p r o ­
portioning valves (11), heat exchanger tubes (12), vent flow ra te regu la to rs 
(15), and non-propuls ive vents (16). LH2 is drawn through the cooldown 
line, just ups t r eam of the cooldown flow valves (8), expanded through the 
thrott l ing valves , passed through the heat exchangers to pick up heat from 
the propel lant and ullage gas and finally expelled through the vent flow 
regu la to rs and non propulsive vents . 

Prope l lan t is fed to the NERVA engine through two propellant feed 
l ines and controlled by the propellant shutoff valves (7). Cooldown 
propel lant is supplied through the cooldown line and is controlled by the 
cooldown flow valves (8). 

RNS tank p r e s su r i za t i on gas is provided by the NERVA engine during 
engine run through the tank p re s su r i z ing line (19). Tank p r e s su ran t flow 
is control led by on-off flow valves (22) and small (20) and large (21) or i f ices . 
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T a b l e 5 - 7 . F l u i d S y s t e m C o m p o n e n t s 

1,. Ven t V a l v e for G r o u n d F i l l 
2 . O r b i t a l F i l l Va lve On-Off 
3 . O r b i t a l F i l l P r o p o r t i o n i n g Va lve 
4 . S p r a y H e a d 
5. O r b i t a l F i l l L i n e 
6. O r b i t a l F i l l L i n e Dif fuser 
7. P r o p e l l a n t Shutoff Valve 
8. Cooldown F l o w Va lve 
9. I n - O r b i t Ven t V a l v e , On-Off 

10. I n - O r b i t V e n t T h r o t t l i n g Valve 
11 . P r o p e l l a n t - C o n d i t i o n i n g - F l o w P r o p o r t i o n i n g Valve 
12. H e a t E x c h a n g e r T u b e s (ou t l e t r e g i o n , con i ca l s e c t i o n , 

and c y l i n d r i c a l sec t ion) 
13. H e a t E x c h a n g e r Mani fo ld 
14. H e a t E x c h a n g e r ' B y - P a s s 
15. Ven t FloAV R a t e R e g u l a t o r s 
16. N o n - P r o p u l s i v e Ven t ing 
17 . Erne r g e n c y V e n t On-Off Va lve Quad 
18. G r o u n d F i l l L i n e ( capped off) 
19- Tank P r e s s u r i z a t i o n L i n e 
20. S m a l l O r i f i c e 
2 1 . L a r g e O r i f i c e 
22 . On-Off F l o w V a l v e s 
2 3 . P r e s s u r a n t I n l e t Di f fuser and Baffle 
24 . T u r b o p u m p A s s e m b l y 
2 5 . C h e c k V a l v e s 
26 . T u r b i n e B l o c k Va lve 
27 . T u r b i n e D i s c h a r g e B l o c k V a l v e and T u r b i n e T h r o t t l i n g Valve 
28 . B y p a s s B lock V a l v e and B y p a s s C o n t r o l Va lve 
29 . S t r u c t u r a l S u p p o r t B l o c k Va lve and C o n t r o l Va lve 
30. S tage P r e s s u r a n t Check VaLve 
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Prope l lan t Feed 

The propel lant feed supplies propellant at the requ i red flow r a t e s , 
t e m p e r a t u r e s and p r e s s u r e s during the var ious phases of engine opera t ions . 
The hardware assoc ia ted with the sys tem consis ts of the capi l lary devices 
and feed lines descr ibed below. 

Capil lary Devices . These have been developed to provide: (1) feedout 
during r e s t a r t , s teady burn, and cooldown; (2) slosh control ; and (3) t he rma l 
control , venting and p re s su r i za t i on . They divide the tank into four major 
compar tments and a r e named to denote thei r major function, i . e . , (1) ullage 
compar tment , (2) bulk propel lant compar tment , (3) cooldown compar tment , 
and (4) r e s t a r t compar tment . These a re shown in F igure 5-2 with details 
in F igure 5- 10 . 

The bulk propel lant capi l lary b a r r i e r is mounted and supported at 
the in tersec t ion of the cyl indr ical and aft bulkhead at a plane jus t above the 
propel lant level after the TLI burn. The b a r r i e r cons is t s of two perforated 
plates half inch apa r t with 0,060 inch chemically mi l led holes . The fraction 
of open a r e a to total plate a r ea for each plate is 0. 1. The plates a r e supported 
by rad ia l and c i rcumferen t ia l f r ames , conically shaped for s t ruc tu ra l pur­
poses , with the apex located two feet above the base . This b a r r i e r will p r e ­
vent al l but inconsequential gas- l iquid interchange between compar tments 
for rotation ra tes and la te ra l , negative and centrifugal acce lera t ions due to 
vehicle maneuvers and pe r tu rba t ions . The perforat ions d iameter and cone 
height a r e based on the solution of a stability equation for the retention of 
propel lant against l a te ra l and rotat ional maneuvers with the former being 
the controll ing p a r a m e t e r . The gap between the plates provides a wicking 
and resea l ing capabil i ty. A 0. 5-inch separa t ion is recommended based on 
information available at the p resen t t ime. 

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 la ry b a r r i e r . They a r e respec t ive ly 0.020 inches and 0.45 
openness fraction for the cooldown compar tment , 0 .025 inches and 0.35 
openness fraction for the r e s t a r t compar tment . The cone height of the cool­
down compar tment capi l lary b a r r i e r is 3 feet. Each compar tment is the r ­
mal ly cooled by a the rmal conditioning unit which is pa r t of the " t h e r m o ­
dynamic" vent sys t em. The r e s t a r t compar tment , which has a capacity of 
500 pounds, supplies vapor - f ree propel lant at each engine r e s t a r t . This 
compar tment is also designed to a s s u r e adequate feedout for the las t phase 
of the last engine cooldo-wn. During cooldown propel lant is fed from the r e ­
s t a r t compar tment to the col lector compar tment (Section A-A of F igure 5-10). 

« » 
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CAPILLARY BARRIER 
COLLECTOR COMPARTMENT 

f̂  COOLDOWN COMPARTMENT CAPILLARY BARRIER 

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

V SHAPED 
WICKING 
CHANNELS 
(11) 

RESTART COMPARTMENT CAPILLARY BARRIER 
• TWO PERFORATED PLATES 
• HOLE SIZE-0.025 IN . 
•FRACTION OPENNESS = 0.35 
•CONICAL SHAPE: 1 FT HEIGHT 

COLLECTOR COMPARTMENT 
CAPILLARY BARRIER 

• SINGLE,CONTOURED 
PERFORATED PLATE 

•HOLE SIZE«0.060IN. 
• FRACTION OPENNESS 

- 0 - 0 . 5 5 

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

Figure 5-10. Propel lant Acquisit ion & Location Control Configuration 
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The cooldown compar tment supplies the bulk of the cooldown p r o ­
pellant during the mis s ion and is sized for "worst c a s e " hydrodynamics 
for the lunar miss ion . As the bulk compar tment is par t ia l ly depleted, 
propellant could be dislocated to the upper end of the compar tment which 
would lead to vapor passage from the bulk to the cooldown compar tment 
as cooldown flow proceeds . To preclude vapor passage to the r e s t a r t 
compar tment , six V-shaped wicking c lus te r s have been added and a re 
shown in the main view and in Section C-C. These c lus t e r s a r e s ized to 
provide cooldown flow to the r e s t a r t compar tment under zero to minus 
10"-' g ' s . The size and shape of the wicks. Section B-B, have been 
de termined using data from NR in-house studies (Reference 5. 1). 

Feedout during the las t cooldown requ i res wicking c lus t e r s in the 
r e s t a r t compar tment a lso (Section A-A). Therefore , four of the V-shaped 
c lus t e r s a re extended to lead fluid into the col lector . V-shaped channels 
a re specified as they a re self-emptying, thereby, reducing t rapped res idual 
in the compar tment . The col lector capi l lary b a r r i e r is contoured to the 
aft bulkhead cap geomet ry with cut-outs to avoid the two pump outlet l ines . 
F rac t ion openness is designed to inc rease from 0 to 0. 55 with increasing 
distance from the center l ine . This is done to prevent vapor pul l - through 
(interface dip) over the outlet l ine. Per fora t ion size is 0. 060 inches . 

Feed Lines . A schemat ic of the feed flow is shown in F igure 5-11. 
Feedout is accomplished by two 9. 5-inch d iameter lines connected through 
PSOV valves (16) to the two NERVA engine turbopumps. The cooldown 
propel lant is supplied through a 3. 0-inch d iameter line with the flow 
control led by the cooldown flow valve (17). 

Ground Fi l l and Dra in /Orb i t a l Refueling 

Since the tank is in an inverted position during boost, ground fill and 
dra in a r e accomplished via line (1) as shown in F igure 5-11.Propel lant is 
pumped in via this line and pumped out (using a different pump), should 
ground draining be requi red . A 3. 5-inch d iameter line is adequate for 
this purpose . Jus t p r io r to launch, this line is capped off. To a s s u r e 
that inadvertant drainage or venting does not occur during the flight, the 
valves (2) a r e normal ly maintained in the closed position. The ground 
fill and dra in sys tem ut i l izes , in common, some of the l ines of the 
refueling or emergency vent sys tem. This sys tem will be d i scussed 
subsequently. 
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An ar t i f ic ia l gravi ty field for propel lant positioning using l inear or 
rotat ional acce le ra t ion was recommended in Volume II A, Section 3 -
Orbital Operat ions , to facili tate refueling in orbit . Refueling in the no 
vent mode (locked tank) is no longer requi red and the minimum tank 
p r e s s u r e at the f i rs t engine s t a r t has been lowered to 15. 5 ps ia . Therefore , 
the sys tem proposed allows filling in the no vent mode or can be used with 
venting for conditioning of the tank and i ts contents . 

As shown in F igure 5-11, filling in the no vent mode ut i l izes a 
divider valve (3) which proport ions the entering propellant between the 
fill line (5) and the ullage spray (4). If tank p r e s s u r e should r i se 
excess ively , flow is diver ted to the ullage spray (4) to reduce tank 
p r e s s u r e , the divider valve operating off tank p r e s s u r e . However, in 
o rde r to a s s u r e that the fueling p r o c e s s does not take excess ive t ime and 
that the final t empera tu re of propellant is sufficiently low ( ~ 3 6 . 8°R), it 
is likely that venting p r io r to or during refueling will be requi red . This 
can be accomplished by opening the refuel ing/emergency vent valves (2). 
The ar t i f ic ia l gravi ty field and the capi l lary b a r r i e r s will allow l iquid-free 
venting through this sys tem throughout most of the refueling. The 
refue l ing/emergency vent sys tem (1) can a l so be used to r e tu rn vapor to 
the supply tank. This refueling approach, which has been recommended 
in the NR Propel lan t Depot Study for NASA-MSFC, requ i res that propellant 
be pumped from the source tank to the RNS to maintain a higher p r e s s u r e 
in the l a t t e r . 

The orbi ta l refueling sys tem has another important feature , the 
reduction and dissipat ion of inlet momentum. As it is impor tant that this 
momentum be reduced to prevent s t ruc tu ra l damage and vehicle per turba t ions , 
the proposed design uti l izes an inlet diffuser (6) in the lowermost capi l lary 
compar tment . The diffuser uses a plug at the end of the refil l l ine, with many 
holes machined along the length of the tube. The holes should be uniformly 
dis t r ibuted along the length of the tube within the lowermost compar tment . 
Holes size is not too impor tan t as long as the s ize is g rea te r than about 
0.2 5 inch and less than 2 inches . Total hole a r e a should be at leas t ten t imes 
the c r o s s - s e c t i o n a l a rea , that is 1.96 ft^, thus reducing the inlet momentum 
by a factor of about 100. In addition to the effect of the diffuser, the capi l lary 
b a r r i e r s which subdivide the tank into compar tments diss ipate pa r t of the 
energy. This technique should allow order ly refueling, although further w^ork 
needs to be done on diffuser design and the magnitude of capi l lary b a r r i e r 
diss ipat ion. 
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Using a refueling rate of 30, 000 I b s / h r (10 hours to accomplish 
refueling), the p r e s s u r e loss through the valves and the fill line (5) is 
about 2. 2 psi for a 6-inch d iamete r l ine. Although a detailed tradeoff on 
fill line size was not done as par t of this phase of the RNS study, such a 
study was c a r r i e d out as par t of NR's Orbital Propel lant Depot contract and 
a 6-inch line size was recommended. Therefore , as the refueling rate is 
compatible with the p resen t logist ic plan and the p r e s s u r e loss is acceptable, 
a 6-inch refueling line is recommended at this t ime. 

P r e s s u r i z a t i o n 

The Phase II study showed that a boots t rap pressur iza t ion sys tem, 
called "autogenous p ressur i za t ion" , resu l ted in appreciable weight saving 
over other candidate s y s t e m s . In pr inciple , autogenous pressur iza t ion 
uti l izes engine heat to vapor ize some of the LH-, pumped from the tank and 
thus the hydrogen gas is then re turned to the tank maintaining the tank's 
p r e s s u r e as the expulsion cont inues. A turbopump sys tem is used to feed 
propel lant to the engine - with turbine exhaust working fluid, supplied via 
a by-pass from the engine, being used as p r e s su ran t . The s t a r t -up phase 
when engine chamber p r e s s u r e , pump spin r a t e , and turbine exhaust supply 
a r e building up is the c r i t i ca l operat ional period. P r e s s u r a n t supply rate 
r equ i rement s a r e appreciably higher during this period than during steady 
engine burn, ra te requ i rements surging to s tay ahead of pump requ i remen t s . 

In performing the p ressu r i za t ion analysis before ANSC's s t a r t -up 
analysis (Reference 5.2) had been completed it was neces sa ry to make some 
assumptions as to tank p r e s s u r e r e q u i r e m e n t s . In making this f i rs t cut, , 
it was a s sumed that tank p r e s s u r e r i s e during bootstrapping was l inear with 
t ime. Detailed resu l t s a r e presen ted in the Thermodynamic Analysis of 
Section 4. It was found that the highest p r e s s u r a n t ra tes were needed during 
the LOI burn. The p r e s s u r a n t ra te r equ i rement s were 3.4 l b / s e c . and 6.07 
l b / s e c , respec t ive ly . As pass ive propel lant management (stratification) is 
the recommended approach, this lower flow ra te is used in line sizing. 

To account for uncer ta int ies as to degree of ullage stratif ication, 
flow ra te upon which the design was based was increased 33% to 4. 5 l b / s e c . 
Equations and design char ts for compress ib le pipe flow with friction a r e p r e ­
sented in Reference 5 . 3 . The char t s p r e sen t resu l t s of simultaneous solution 
of Equations (1) and (2). 
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II. 
V T 

M, (1) 

fL 

D k . 

+ (k - 1) M 

2 M, 

2 i 

2 ' -" 
(2) 

where 

p IS p r e s s u r e 
V is specific volume 
k is ra t io of specific heats (C^/C ) 

\J V 

f IS friction factor 
L is l ine length 
M is the Mach number 

Subscript (1) r ep re sen t s conditions ups t r eam, at the turbine 
exhaust. 

Subscript (2) r e p r e s e n t s conditions downs t ream, at the tank 
p r e s s u r e regula tor . 

Conditions at the turbine exhaust a r e p r e s s u r e = 650 psia, 
t e m p e r a t u r e = 260 degrees R, as de termined from Reference 5. 2. Using 
the design char t (F igu re 8-7 of Reference 5. 3), it was determined that line 
size 2. 25 inches in d iamete r is requi red . ANSC (Reference 5. 2) r e c o m ­
mended a 3. 5-inch line d iamete r . This difference can be readily explained, 
as ANSC assumed a destrat i f ied ul lage, while NR's analys is is based on a 
strat if ied ul lage - with ul lage p r e s s u r e at s ta r tup g rea t e r than the vapor 
p r e s s u r e . 
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A schemat ic of the autogenous p ressu r i za t ion subsystem is 
included in Figure 5-12. A bang-bang control system is used operating off 
tank p r e s s u r e . Orifice (12) allow l e s s flow than that required for steady 
engine burn; thus, this flow is supplemented as required with flow through 
the l a r g e r orifice (13) by activation of the on-off valves (14), as requi red . 
Orifice (12) plus (13) a r e overs ized for the maximum flow requi rement 
during p re s su r i a t i on . As requ i red during p ressur iza t ion , the flow through (13) 
is shut-off by valves (14) to give the p roper p r e s s u r e build up. 

P r e s s u r a n t en ters the tank through the diffuser (15). This causes 
flow to en te r horizontal ly and at low veloci t ies to minimize ullage mixing. 
However, during p r e s s u r e build-up and steady burn, the p r e s su ran t flow 
ra tes a re 180 and 27 ft / s e c . These high volumetr ic flow ra tes will require 
a baffle sys tem as well as a diffuser to reduce the incoming momentum of 
the p r e s s u r a n t . This development effort is regarded as being relat ively 
routine and should be studied in subsequent study phases . 

Vent System 

The vent system differentiates between boost or ground venting, 
orbital venting and emergency venting as shown in Figure 5-12. 

Ground and Boost Vent Subsystem. The vent line and valves for 
venting and p r e s s u r e control during ground loading, ground hold, and boost 
phases of the miss ion a re denoted by (1) in the figure. Two valves in s e r i e s 
a re normal ly closed; they open if tank p r e s s u r e reaches an incipient cr i t ica l 
condition. In i ts operation, this vent subsys tem util izes the orbital refueling 
subsys tem. The vent line connects to the orbital fill line; thus venting is 
accomplished via the orbi ta l fill diffuser (6) through the orbital fill line (5) 
to the vent line (7). Using two valves in s e r i e s prevents inadvertent venting 
if one valve fails open. If one valve fails closed (normal position) venting 
can be accomplished through the orbi tal fill system (3) and (8). In this case , 
the shutoff valve (8) and the divider valve (3) a re opened to pe rmi t full flow 
through the fill line (5). Both valves open if they sense a p r e s s u r e of 1 psia 
g r e a t e r than the p r e s s u r e at which valve (1) is p rogrammed to open. For 
a 6-inch line d iameter , the rate of p r e s s u r e decay due to venting was 
calculated to be 0. 045 p s i / s e c . This calculation was based upon a vent rate 
of 52. 5 ft•^/sec, based on a conservat ive evaluation of line friction l o s s e s . 
Substitution of this vent ra te into the formula below yielded the p r e s s u r e 
decay rate of 0. 045 p s i / s e c . 

CpMP dV 
dP R dt 
dt / CpM 

R 
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In the above equation, Cp is the specific heat, M the molecular weight 
R the ideal gas constant, P the tank pressure, and V the tank volume. 
This equation was der ived as par t of the Thermodynamic Analysis in 
Section 4. This vent rate is deemed adequate and as the line size is 
compatible with that requi red for orbi tal refueling, a 6-inch d iameter 
ground and boost vent line is recommended. 

Thermodynamic Vent System. This vent system has the dual 
function of preventing p r e s s u r e excurs ions and maintaining subcooled 
propellant within the capi l lary compar tmen t s . The system, as shown in 
F igure 5-12 is in effect an open loop refr igera t ion sys tem and has many 
features in common with the design being developed by NR for the Space 
Shuttle orbi tal maneuvering propulsion sys tem. 

The system opera tes by withdrawing liquid through the cooldown 
line from the lowest capi l lary compar tment and throttl ing the liquid to a 
lower t empera tu re and p r e s s u r e . The thermodynamic state of the expanded 
fluid usually cor responds to a two phase (liquid and vapor) condition. The 
on-off valve ups t ream of the thrott l ing valves operate off both tank p r e s s u r e 
and liquid t e m p e r a t u r e . Venting is init iated if tank p r e s s u r e or liquid 
t empera tu re r i s e s over p r e s c r i b e d va lues . The thrott le p r e s s u r e adjusts 
to maintain a sufficient t empera tu re difference for cooling the LH^. The 
thrott l ing valves sense the t empera tu re of the liquid within the capi l lary 
compar tments and the hot ter the propellant t empera tu re , the lower the 
thrott le p r e s s u r e and the lower the vented fluid t empera tu r e . 

Under nominal conditions the fluid flows to heat exchanger tubes (9) 
at the bottom of the RNS tank to a s s u r e that this important region and the 
feedout l ines receive adequate cooling. The tubes have a hemispher ica l 
c r o s s - s e c t i o n and a re affixed (probably by welding) to the outer tank wall 
to a s su r e good the rmal contact. The thermodynamic tubes run the length 
of the tank in para l le l and a re connected together at var ious levels by 
manifolds. Means to isolate a leak in e i ther tube or manifold need to be 
developed to safeguard that a few leaks will not resul t in total system 
fai lure . The tubes cool the liquid propellant and tank walls , and intercept 
heat leaks through the high per formance insulation. The flow rate is 
regulated so that the cooling fluid becomes completely vaporized upon 
reaching the ullage compar tment . This is accomplished by flow rate control 
valves which sense the t empera tu re of the vented fluid, assur ing that the 
vent fluid is substantial ly superheated. 
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This sys tem is subject to the over r ide that if tank p r e s s u r e begins 
to r i s e rapidly, cold thrott led fluid is by-passed direct ly to the cooling tubes 
along the ullage compar tment (10). If n e c e s s a r y , all the throt t led fluid 
can be by-passed in this way resul t ing in rapid cooldown, including possible 
ullage vapor condensation, of the ullage compar tment . The proportioning 
valves (11) controll ing this by-pass opera te off tank p r e s s u r e . 

The in-orb i t vent sys tem has been designed to have m o r e than 
adequate capacity for anticipated solar and nuclear heating. This provides 
ample safety factor and allows util ization of the sys tem for venting during 
orbi ta l refueling. Analysis of this sys t em proceeded from re la ted studies 
done at NR for the Space Shuttle. In par t i cu la r , the nominal p r e s s u r e of 
the fluid after throttl ing was 5 psia. This provides two phase fluid about 
6°R cooler than that within the capi l lary compar tments and allows 3 to 4 psi 
flow loss . The average heat leak is 1280 B t u / h r . , which r equ i re s a vent 
ra te of 6. 74 l b / s e c . of sa tura ted vapor or 3. 37 l b / s e c . of superheated 
vapor at 130 °R. It is anticipated that this higher vent fluid t empera tu re 
can be obtained; however, the flow ra te for s izing of the vent sys tem is 
cons idered at 6.74 l b / s e c . 

The recommended design is 0. 5 inch hemispher ica l c r o s s - s e c t i o n 
tubes spaced at 3-ft. horizontal in tervals along the cyl indrical portion of 
the tank. The tube spacing or number of tubes must , of cour se , change 
within the conical portion of the tank. P r e s s u r e drop for this configuration 
was calculated to be 2. 7 x 10" psi for the nominal vent r a t e . Thus, the 
design has flexibility in that low throt t le p r e s s u r e (for g r ea t e r cooling 
capability) and can be obtained without compromis ing vent flow rate capabili ty. 
In addition, the sys tem has the capability to handle higher vent ra tes as 
would occur w îth on-off vent sys t em operation, higher heat leak ra tes or 
venting during refueling. 

The in-orbi t vent sys tem is fully redundant; each individual sys tem 
has three valves to a s s u r e p roper flow shutoff. However, an emergency 
vent sys tem is provided to handle contingencies . 

Emergency Vent. Unanticipated high ra tes of heating will requi re 
an emergency vent provis ion. No p rac t i ca l sys tem could handle a wors t case 
situation such as a detonation. However, g r e a t e r vent capabil i ty than that 
provided by the in-orbi t sys tem to handle non-catas t rophic situations is 
requi red . An 8-inch d iameter emergency vent line can pass about 45 ft / s e c 
of liquid or 360 ft / s e c of vapor corresponding to p r e s s u r e relief (for 2 /3 
empty RNS) ra t e s of 0. 039 and 0. 312 p s i / s e c . , respect ively . This is 
believed to be adequate for non-ca tas t rophic contingencies and, therefore , an 
8-inch line d iamete r is recommended. This sys tem should be more than 
adequate for venting during orbi tal refueling. 

* 
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AUXILIARY PROPULSION 

The RCS selected for the RNS consis ts of 4-quads mounted 90 degrees 
apar t on the forward sk i r t of the s tage. Each quad consis ts of two Z50-pound 
axial t h r u s t e r s and two 25-pound rad ia l th rus te r s for pitch, yaw and rol l 
control . The reac tan t employed is O2/H2 supercr i t ica l ly s tored. 

System Design Requi rements 

The mos t c r i t i ca l control maneuver demanded for the sys tem is docking 
with a payload in lunar orbit since a miss ion abort due to a single point 
failure at this t ime would be unacceptable. Also, although the docking 
maneuver is expected to be automatic , manual docking backup is requi red . 
Never the less , the maneuver r equ i rements establ ished to date for the lunar 
shuttle miss ion pe rmi t a re la t ively le i sure ly manner of accomplishment . 
That i s , no maneuver needs to be accomplished in a few seconds; severa l 
minutes or longer can be taken. Additionally, continuous thrusting for as 
long as 1000 seconds is considered acceptable . This design approach reduces 
the acce le ra t ions requ i red for any given maneuver and pe rmi t s employing a 
sma l l e r s ize thrus te r than recommended during the Phase II study. Also, 
the midcour se cor rec t ive maneuvers have shown to be more economical 
when per formed with the NERVA, reducing in half the RCS thrust recommended 
during the previous phase of the study. Additionally, thrust levels less 
than 300 pounds a re compatible with the capi l lary devices designed for 
propel lant location control . The flexibility of the devices inc rease as the 
th rus t e r s s ize d e c r e a s e s . 

The total RCS impulse requ i rements for the lunar shuttle miss ion is 
1, 900, 000 l b / s e c This amounts to a total propellant requi rement of 
approximately 5, 800 pounds. 

O T / H ^ Supercr i t i ca l System 

The superc r i t i ca l s torage gaseous 0-,/H2 sys tem is recommended for 
the Reusable Nuclear Shuttle because the concept exhibits a minimum amount 
of development p rob lems . The superc r i t i ca l s torage concept for both 
hydrogen and oxygen has been used in previous spacecraft so valuable 
development experience is a l ready available. Additionally, this type of 
sys tem el iminates the problem of propel lant acquisition since superc r i t i ca l 
s torage a s s u r e s single phase del ivery r ega rd l e s s of the gravitat ional 
conditions. 
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The major a r e a needing development is in the requi red propel lant 
conditioning. This is basical ly accomplished by heating the propel lants 
in a heat exchanger which is provided energy from the flow of hot gases 
from an 02 /Hp gas genera tor as shown in F igure 5-13. The gas gene ra to r s , 
one for each propellant , a lso supplies the thermal energy to the super ­
c r i t i ca l s torage tanks heat exchangers that a r e requ i red to maintain the 
propel lant in a supe rc r i t i ca l s ta te . This is done by flowing hot propellant 
from the p r i m a r y heat exchanger into the s torage tank heat exchanger . A 
bypass flow control loop is util ized to control the propel lant t empera tu re 
out of the p r i m a r y heat exchanger . The propellant from the s torage tank 
heat exchanger is fur ther conditioned in a secondary heat exchanger which 
also contains a t empera tu re sensing bypass flow control loop. The final 
product is then s tored in accumula tors whose size is de te rmined by 
p r e s s u r e l imi t s , propel lant t empera tu re and the sys tem cycle r equ i r emen t s . 
F r o m the accumula to rs , the propel lants flow through p r e s s u r e regula tors 
and then to the engines. 

Because of the heavy s torage tanks and number of components , this 
sys tem weighs m o r e than other candidates considered. However, due to 
the high total impulse r equ i rement s for the RNS, the sys tem ha rdware 
weight penalty has min imal impact on the selection. 

F igure 5-14 shows the schemat ic of the sys tem depicting a fail 
operat ional / fa i l safe capabili ty. 

ASTRIONICS 

The as t r ion ics bay sho-wn in F igure 5-2 contains all the electronic 
equipment including guidance, navigation, controls , communication, and the 
NERVA NDIC. In addition RCS, e lec t r i ca l power sys tem, and environ­
menta l control a r e housed in this a r e a . 

The distr ibution of the equipment both within and w^ithout the as t r ionics 
bay is displayed in F igure 5-15. All ins t rumentat ion and components identi­
fied during the course of the study a r e show^n on the developed views of the 
inner and outer surfaces of the as t r ion ic module s t r u c t u r e . 

The major i ty of the inside surface is covered by the two RCS pro­
pellant tankage quadrants with a third quadrant occupied mainly by three 
fuel cells with their a ssoc ia ted inve r t e r s and con t ro l s . Also shown a re the 
two ba t te r ies r equ i red during peak NERVA opera t ions . The NDIC is located 
next to the e l ec t r i ca l power sy s t em. The last in ternal quadrant is used for 
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the i n s t r u m e n t a t i o n c o n n e c t e d wi th h o r i z o n s e n s o r s , c o m m u n i c a t i o n , s t a t i on 
keep ing 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 m e a s u r i n g 
un i t s a r e u s e d to s a t i s f y the fail ope 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 
c r i t e r i a e m p l o y e d in the def in i t ion of 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 . 

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 i s m o s t l y c o v e r e d with 
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 the four RCS p o d s . In 
add i t ion , the 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 , the ULTRA t r a c k e r 
and 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 - b a n d 
r a d a r a n t e n n a occupy the r e m a i n i n g a v a i l a b l e s p a c e . 

As can be s e e n , the s u r f a c e and v o l u m e o c c u p i e d by the 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 than the RCS and i ts p r o p e l l a n t r e q u i r e m e n t , 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 a d d i t i o n a l o r new r e f u r b i s h m e n t r e q u i r e ­
m e n t s can be a c c o m m o d a t e d . 

An a u t o n o m o u s s y s t e m has b e e n def ined for the 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 and o r b i t shu 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 n e e d 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 than for m o n i t o r i n g , fl ight s c h e d u l i n g , and r e s u p p l y . Anothe r obvious 
a d v a n t a g e to p r o v i d i n g 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 capab i l i t y is 
tha t r e d u n d a n t e q u i p m e n t is p r o v i d e d for b a c k - u p by the MSFN dur ing o r b i t -
t o - o r b i t t r a n s f e r s , i nc lud ing 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 both 
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 d u r i n g r e n d e z v o u s and dock ing . 

A u t o m a t i c r e n d e z v o u s and dock ing w^ith m a n u a l o v e r r i d e is c o n s i s t e n t 
w i th the a u t o n o m o u s c a p a b i l i t y r e q u i r e m e n t s . A l so , t h e r e a r e s o m e obvious 
d i s a d v a n t a g e s to r e q u i r i n g a m a n - i n - t h e - U o o p for r e n d e z v o u s and dock ing . 
V i s u a l cues would have to be p r o v i d e d e i t h e r by having a m a n on b o a r d one of 
the v e h i c l e s or by hav ing TV. If the m a n w e r e on the e a r t h o r Space Sta t ion 
for e x a m p l e , t i m e lags i n t r o d u c e d by da t a r e l a y s a t e l l i t e s y s t e m s could p r e ­
s e n t a p r o b l e m . 

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 have been u s e d to 
e s t a b l i s h m i s s i o n r e q u i r e m e n t s for 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 a 
r e n d e z v o u s t r a n s f e r . T h e s e m i s s i o n r e q u i r e m e n t s t r a n s l a t e into c o n s t r a i n t s 
wh ich the G u i d a n c e , N a v i g a t i o n and C o n t r o l m u s t s a t i s f y . F o r phas ing o r b i t s 
t h e s e c o n s t r a i n t s t r a n s l a t e into e s t a b l i s h i n g the o r b i t w i th suf f ic ient a c c u r a c y 
to a l low the RNS r a d a r to d e t e c t a t a r g e t v e h i c l e wi th a 99 . 9% p r o b a b i l i t y a t 
a d e s i r e d d e t e c t i o n r a n g e and wi th in p r e s c r i b e d s c a n l i m i t s , so tha t the r o o t -
s u m - s q u a r e of d e l t a - V ' s to c o r r e c t c r o s s r a n g e a l t i t ude pos i t ion e r r o r s and 
v e l o c i t y e r r o r s in a l l t h r e e axes is l e s s (within a 99. 7% probabi l i ty ) than 
cou ld be c o r r e c t e d by a d e l t a - V of the s a m e m a g n i t u d e as tha t r e q u i r e d for 
the 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 . 
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Using the phasing orbi t as a basel ine orbit , the Guidance, Navigation, 
and Control is then requ i red to accompl ish t rans lunar , t r a n s - e a r t h , and 
geosynchronous orb i t t r ans fe r s so that injection into the new^ t ra jec tory r e ­
sults in the RNS enter ing des i red a r r i v a l co r r idor with a midcourse cor rec t ion 
of 50 fps or l e s s . Final ly, the phasing orbi t r equ i rements mus t be m e t 
folio-wing inser t ion into a new orbi t after these t r a n s f e r s . 

The Information Management Sys tem (IMS) investigated for these 
operat ions include digital computer(s) , and communication and tracking sub­
sys tems to provide the major functions of data handling, control , and communi­
ca t ions . The functions a r e in tegrated into a sys tem by digital computer soft­
ware w^ith provisions for crew^ part ic ipat ion during manned opera t ions . The 
cen t ra l component of the sys tem is the digital computer which provides 
Guidance, Navigation and Control computations as well as communication 
signal routing, miss ion planning and event scheduling, on-board checkout, 
moni tor and a l a r m logic, and operat ions data management . 

A functional descr ip t ion of the selected Guidance, Navigaticn, and 
Control components is presented below encompass ing an in tegrated 
definition of the sys tem. Also, a detail component breakdown is p resen ted 
in the Mass Charac te r i s t i c s Section following the NASA establ ished weight 
repor t ing format , 

Iner t ia l Measur ing Unit (IMU) 

Sensors for establ ishing iner t i a l s tate vec tor , or at leas t components 
of the s ta te vector including vehicle l inear velocity, l inear position, and 
alt i tude a r e commonly r e f e r r e d to as the IMU, In prac t ice , the sensor s out­
put a r e t r ansmi t t ed to the on-board digital computer where actual alti tude 
velocity, and position information is mainta ined. A strapdown IMU is 
recommended for the RNS as a r e s u l t of a detailed N R / S D t rade study. The 
strapdown compar i son per formed resu l ted in the MICRON sys tem being the 
p re fe r r ed IMU candidate. MICRON, which is the acronym for " m i c r o navi­
gator" , is a lightweight, low cost s y s t e m that incorpora tes la rge sca le in te­
grated e lec t ronic technologies . The main consti tuents of the MICRON a r e 
two smal l e lec t ros ta t ica l ly suspended gyros (ESG's), a min ia ture 4096-word/ 
Z4-bit me ta l oxide semiconductor computer , servo e lec t ron ics , power supply 
and bat tery , environmenta l control , and s t ruc tu ra l housing. The sys tem 
weighs three pounds, occupies less than 90-cubic inches and consumes about 
12 w^atts of power. The gyro has only one moving par t , a solid ball , supported 
e lec t ros ta t i ca l ly . The micron-ESG can s e rve as an a c c e l e r o m e t e r as well 
as a gyro; therefore , two ins t ruments per sys tem provide complete information. 
The total number of par ts used in assembl ing the mic ro-ESG is approximately 

* 
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40 a s c o m p a r e d to 250 o r m o r e for an i n e r t i a l g r a d e gyro in a m o r e con ­
v e n t i o n a l s y s t e m . 

E x i s t i n g MICRON s y s t e m s exh ib i t a 0 . 0 4 d e g / h r r m s r a n d o m dr i f t 
r a t e and a 2, 000 hou r M T B F . P r o j e c t e d c a p a b i l i t i e s of the s p a c e - q u a l i f i e d 
i n s t r u m e n t a r e a 0 .01 d e g / h r and 16 ,000 h o u r s , r e s p e c t i v e l y . To p r o v i d e 
a high r e l i a b i l i t y , u s e of four MICRON s y s t e m s p e r v e h i c l e is a n t i c i p a t e d . 
P r e s e n t a c c u r a c y of the MICRON a c c e l e r a t i o n s e n s i n g c a p a b i l i t y is in the 
o r d e r of 10" . Six a d d i t i o n a l a c c e l e r o m e t e r s a r e i nc luded in the power , 
we igh t , a n d v o l u m e to c o v e r any r e q u i r e m e n t s for g r e a t e r a c c u r a c y . 

I n e r t i a l S t a t e V e c t o r Upda t ing S e n s o r s 

I n e r t i a l s t a t e v e c t o r upda t ing s e n s o r s c a n be subd iv ided into two 
c l a s s e s - a t t i t u d e and p o s i t i o n / v e l o c i t y s e n s o r s . 

A t t i t ude Upda t ing S e n s o r s 

V e h i c l e i n e r t i a l a t t i t ude can be d e t e r m i n e d by s e v e r a l m e t h o d s . 
D e t e r m i n i n g l i n e - o f - s i g h t to two s t a r t w a s s e l e c t e d for the RNS b e c a u s e of 
its s i m p l i c i t y , a c c u r a c y , and a p p l i c a b i l i t y to a l l p h a s e s of the r e f e r e n c e 
luna r m i s s i o n . M e c h a n i c a l l y g i m b a l l e d s t a r t r a c k e r s w e r e s e l e c t e d for the 
a t t i t ude u p d a t i n g . T h e s e i n s t r u m e n t s have the capab i l i t y of t r a c k i n g s t a r s 
wi th in a f ie ld of vievy (FOV) d e t e r m i n e d by the g i m b a l f r e e d o m . S ta r a c ­
qu i s i t i on is a c c o m p l i s h e d by s c a n n i n g a p o r t i o n of the c e l e s t i a l s p h e r e in 
wh ich a know^n s t a r is e x p e c t e d . S ince g i m b a l i n g can p r o v i d e a l a r g e FOV, 
t h e s e i n s t r u m e n t s a r e , in g e n e r a l , l e s s c o n s t r a i n e d o p e r a t i o n a l l y than o t h e r 
types e v a l u a t e d . F o r f u r t h e r d e t a i l s , p l e a s e r e f e r to V o l u m e II - P a r t A -
Sec t ion 4 of th is r e p o r t . 

P o s i t i o n Upda t ing S e n s o r s 

A c c u r a t e s p a c e n a v i g a t i o n h a s h e r e - t o - f o r e u t i l i z e d g round b a s e d 
t r a c k i n g n e t w o r k s for v e h i c l e pos i t i on upda t i ng . The r e q u i r e m e n t for 
a c c u r a t e a u t o m a t i c a u t o n o m o u s nav iga t i on p r e s e n t s s ign i f i can t p r o b l e m s 
which have no t y e t b e e n fully i n v e s t i g a t e d . T h e s e inc lude the d e t e r m i n a t i o n 
of w h a t o b s e r v a b l e p h e n o m e n a y ie ld n a v i g a t i o n da t a . O b s e r v a b l e p h e n o m e n a 
i n c l u d e the fol lowing: 

o Ang le s b e t w e e n the l ines of s i g h t to s e l e c t e d c e l e s t i a l ob jec t s 
o Sub tended a n g l e of p l a n e t d i s k 
o C u r v a t u r e of a p l a n e t h o r i z o n 
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o Time of known s t a r occultations 
o Ranging m e a s u r e m e n t s to planets or navigation sa te l l i t es 
o Refraction angle of a s ta r near a planet disk 
o Landmarks 
o Ions in the upper a tmosphere 

Observat ion of one or m o r e of these phenomena lead to m e a s u r e ­
ments used to update the es t imate of the vehicle s ta te which is maintained 
continuously in the on-board digital computer using IMU outputs. 

The study of position updating sensor s is complicated by the fact 
that less information is readi ly available than for the IMU, However, a 
number of qualitative judgements a r e possible and a r e the bas i s of a p r e ­
l iminary selection of a horizon sensor , and an unknown landmark t racker 
(ULTRA) for s ta te vector position updating. 

Horizon Sensor . A horizon sensor in general t e rms is an ins t rument 
to detect the limb of a planet or moon. Fo r ea r th operat ion p resen t horizon 
s enso r s detect energy in the 14-16 mic ron CO2 absorbt ion band. This band 
is also suitable for detecting the hot side of the moon which rad ia tes over 
a b road band. However, it is not sa t is factory for cold side of the moon 
operat ion where approximately 90% of the radiation is above 13 m i c r o n s . 
The 22-40 mic ron region is suitable for both hot and cold side of the moon 
operat ion and fu r the rmore includes a water vapor absorpt ion line suitable 
for ear th sensing. Horizon senso r s used for RNS applications mus t cover 
a la rge range of subtended angles . Discussions with Quantic Industr ies have 
indicated the feasibil i ty of having two optical a s sembl ie s in each sensor head. 
One would opera te at al t i tudes in the 80 to 15, 000 n . m i . region and the other 
at higher a l t i tudes . Power , weight, and volume horizon sensor es t imates 
given in Table 5-8 a r e for this dual optical a s sembly Quantic Industr ies 
4-head, fully redundant sys tem. 

Table 5-8. Horizon Sensor Charac te r i s t i c s 

•^—----Characteristics 
Component " . 

T racke r Heads 

Elec t ronics 

Total 

Power 
(Watts) 

-

-

38 

Weight 
(lb) 

-

-

49 

Volume 
(in^) 

720 

510 

1230 

Accuracy 
(1 0- ) 

2 min 
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Hovs^ever, even if the h o r i z o n s e n s o r h a r d w a r e w e r e p e r f e c t , e r r o r s 
wou ld s t i l l be p r e s e n t in o r b i t b e c a u s e the e a r t h ' s IR r a d i a t i o n is not c o n s t a n t . 
E r r o r s due to c h a n g e s in e a r t h r a d i a t i o n a r e no t the s a m e in a l l k inds of 
h o r i z o n s e n s o r s ; e a c h c o n c e p t is s u b j e c t to a d i f f e ren t a m o u n t of e r r o r , d e ­
pend ing on the w a y i t f inds the h o r i z o n . This e r r o r can be c a l c u l a t e d for any 
given s e n s o r e m p l o y i n g e a r t h ' s h o r i z o n da ta and the s e n s o r s p e c i f i c a t i o n s . 
Any p o r t i o n of the e r r o r not c a l c u l a t e d and no t of s h o r t t e r m d u r a t i o n b e ­
c o m e s a b i a s e r r o r . H o r i z o n s e n s i n g b i a s e r r o r s not a c c o u n t e d for in 
the e r r o r c a l c u l a t i o n t r a n s l a t e into n a v i g a t i o n e r r o r s . The c o r r e l a t i o n b e ­
tween u n a c c o u n t e d for b i a s e r r o r s and n a v i g a t i o n a l a c c u r a c y is r e c o m m e n d e d 
to be i n v e s t i g a t e d in fu tu re RNS d e v e l o p m e n t ef for ts emp loy ing the M i s s i o n 
A c c u r a c y R e q u i r e m e n t s C o m p u t e r P r o g r a m (MARC). 

Unknown L a n d m a r k T r a c k i n g . Unknown l a n d m a r k t r a c k i n g has been 
d e v e l o p e d by the A u t o n e t i c s D iv i s ion of NR and h a s been p r o v e n f e a s i b l e by 
d e t e r m i n i s t i c m e t h o d s s i m i l a r to L a P l a c e o r b i t d e t e r m i n a t i o n u s e d by 
a s t o n o m e r s (the p r o b l e m is a c t u a l l y r e v e r s e d s i n c e the t r a c k i n g involves 
looking a t e a r t h f r o m o r b i t , b u t th is a c t u a l l y r e d u c e s the d i f f rac t ion i nduced 
e r r o r s w h i c h have p l agued a s t o n o m e r s ) . After f e a s ib i l i t y w a s e s t a b l i s h e d 
u s i n g d e t e r m i n i s t i c m e t h o d s , the t e c h n i q u e w a s m e c h a n i z e d us ing s t a t i s t i c a l 
t e c h n i q u e s ( K a l m a n f i l t e r m o d i f i e d to a c c o u n t for r a n d o m wa lk e r r o r s ) . 

The t r a c k e r u s e s two narrow^ p h o t o s e n s o r s to s c a n a f ield of viev/ of 
240 a r c s e c o n d s by 240 a r c s e c o n d s (about 0. 1 m i l e s x 0. 1 m i l e s f r o m a 
100 m i l e o r b i t ) . The s c a n is p e r f o r m e d f i r s t in the X d i r e c t i o n , then in the 
Y d i r e c t i o n , then in the X d i r e c t i o n and s o - o n . The p h o t o s e n s o r output is 
s u b s e q u e n t l y s u b j e c t e d to a t h r e s h o l d , d ig i t i z ed , and c o n v e r t e d to a 6 0 - b i t 
w o r d . 

An Au tone t i c s p a t e n t e d l i n e - l i n e - s c a n c o r r e l a t i o n m e t h o d is u s e d to 
p r o d u c e a c o r r e l a g r a m of the c o r r e l a t i o n f r o m one s c a n to the nex t . The 
l a n d m a r k is r e j e c t e d if the i n t e n s i t y p a t t e r n does no t m e e t c e r t a i n s p e c i ­
f i ca t ions (to avo id t r a c k i n g b r i g h t c louds ) o r if the c o r r e l a g r a m is no t a d e ­
q u a t e for t r a c k i n g (a n a r r o w u n i m o d a l s h a p e is p r e f e r r e d ) . The s c a n is r e ­
p e a t e d a t one s e c o n d i n t e r v a l s and the l oca t i on of the m a x i m u m c o r r e l a t i o n 
is u s e d to m e a s u r e the r e l a t i v e m o t i o n of the l a n d m a r k and t r a c k i t . I n - p l a n 
l a n d m a r k s a r e p r e f e r r e d and typ ica l ly 3 to 5 d i f fe ren t l a n d m a r k s can be 
t r a c k e d p e r o r b i t (as d e t e r m i n e d by Monte C a r l o s i m u l a t i o n s ) . It is no t 
p r a c t i c a l to p e r f o r m t r a c k i n g on the n ight s ide of the e a r t h b e c a u s e of the 
l ack of b r i g h t l ight s o u r c e s o r o v e r the o c e a n b e c a u s e of lack of l a n d m a r k s . 

A u t o n e t i c s has bu i l t a m o d e l t r a c k e r and has flown t e s t f l ights in a 
s m a l l a i r p l a n e a t 6000 fee t wi th s c a l e d o p t i c s . The p e r f o r m a n c e a c c u r a c y is 
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classif ied but it is obviously bet ter than s tar horizon measu remen t s alone 
and not as good as automatic kno-wn landmark t racking. The performance is 
degraded by the inability to obtain suitable night side l andmarks . The use 
of infrared t racking for the night side does not seem prac t ica l for this type 
of m e a s u r e m e n t because of the assoc ia ted ins t rument e r r o r s . 

A problem exists in that one output of the Kalman fi l ter diverges 
after a long period of t racking. A technique for truncating old data and 
initializing the covar iance ma t r i x has been developed which allows retent ion 
of some of the old data but this has not been implemented. A flyable ULTRA 
sys tem could be available in about one year if space ra ted gimbal bear ings 
with the proper accuracy and preload cha rac t e r i s t i c s a r e available. The 
device will weight 10-15 lbs and use 25 wat t s . Volume is es t imated at 
1230 cubic inches . 

The ULTRA output can be used to provide good ephemer i s data in 
ear th or lunar orbit , but is not effective at alt i tudes above 1000 n . m i , be­
cause of optical resolut ion l imi ta t ions . Thus, it complements the capabili ty 
of the horizon senso r , A disadvantage is that the unknown landmark t r acker 
r equ i res two landmarks approximately 90 degrees apa r t on the ear th or lunar 
surface to, in effect negate uncer ta in t ies in the unknown landmark ' s elevation. 

It is of impor tance to note that, Class II and III mis s ions need further 
evaluation to de te rmine if the s t a r t r a c k e r s a r e also sat isfactory planet 
t r a c k e r s and what re l iance should be placed on the Deep Space Tracking 
Network. 

Relative Posi t ion Sensors 

Rendezvous, stat ion keeping, and docking r ada r and /o r l a se r s de­
t e rmine the re la t ionship of the RNS re la t ive to another vehic le . During 
rendezvous the components of in te res t a r e vec tor range, sca la r range r a t e , 
and perhaps l ine-of-s ight r a t e . During stat ion keeping, vec tor range is 
sufficient information. Automatic docking requ i res vector range , sca la r 
range ra te , and re la t ive angular r a t e s . If a man in the loop accomplishes 
docking, TV and /o r visual information to accomplish l a te ra l maneuvers 
a r e requ i red in addition to sca la r range and range r a t e . 

The re la t ive s ta te vector information is provided at a high data r a t e 
and is maintained in the IMS digital computer independently of orbi t data 
provided by the IMU and navigation state vector updating s e n s o r s . 

^ 
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Rendezvous and Docking Sensors . In the requi rements analysis a 
r ada r with an 0, 6 degree angle t rack accuracy was specified. The beam 
v/idth should be 6 degrees or less to provide this capability, w^hich implies 
an acquisi t ion and tracking radar antenna 30 cm or more in d iameter . The 
r ada r was s ized for a 30 cm antenna using s tandard scaling laws. 

The scanning l a se r r ada r (SLR) package provides chaser and target 
vehicle capabili ty for the RNS with a 5 to 10 KB PS data ra te communication 
sys tem which can be used as a redundant data channeled for rendezvous and 
docking. Cha rac t e r i s t i c s of the SLR a r e presen ted in Table 5-9. 

Station Keeping Sensors . Depending on PD, EOSS, and LOSS traffic 
pat terns and whether a rotat ional or t rans lational " g" field, or combination 
thereof is used for propellant t ransfer an essent ia l ly omnidirect ional station 
keeping r ada r may be requ i red . Four X-band dipoles mounted on the for­
ward RNS s t ruc tu re would provide near ly 4 s teradian coverage. Information 
from any three of the dipoles fixes a ta rge t vehic le ' s vector position. The 
acquisit ion and tracking r ada r or SLR could provide vector range information 
over a more l imited solid angle, but could only position targets within the 
respect ive beam widths. The station keeping r ada r , on the other hand, can 
fix all ta rge ts separable in range and not in the region along the RNS axis 
shadowed from the station keeping r a d a r . Charac te r i s t i c s of the station 
keeping r ada r , and the X-band r ada r a r e included in Table 5-9. 

Information Management System 

The Information Management System (IMS) includes digital computer(s) , 
and communicat ion and tracking subsys t ems . A mul t ip rocessor computer 
sys tem was selected for the RNS because of the maximum flexibility it 
al lows, the expansion capabili ty both for added process ing and growth to 
p lanetary miss ion capability, and its lower size, weight, and power. 
Additionally, a mul t ip rocess ing sys tem can be developed in pa ra l l e l with 
the other subsys tems because of its capabili ty to adapt to changes in the 
subsys tem r e q u i r e m e n t s . 

The Goddard Tracking and Data Relay Satellite (TDRS) sys tem 
appears a t t rac t ive for providing continuous communicat ions. However, 
p re l imina ry calculat ions indicate that a 3 to 13-foot antenna, depending on 
ha rdware (p re -amp, etc. ), cha r a c t e r i s t i c s would be required to compensate 
for a TDRS nondirect ional antenna link with the RNS. Direct links with 
ea r th would requ i re much sma l l e r antenna size and /or t r ansmi t t e r power, 
but provide only in termi t tent coverage in low ear th orbit. Since no 
requ i rement for continuous communicat ion has been identified, a sys tem 
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Table 5-9. Acquisition and Tracking Radar , Scanning L a s e r 
Radar , and Station Keeping Radar Cha rac t e r i s t i c s 

SYSTEM 

X-band R a d a r 
2 T r a n s m i t t e r s (1 wat t avg power 

p e r t r a n s m i t t e r ) 
R e c e i v e r 
Antenna (1 .2 ft dia) 

To ta l s 

SLR 
T a r g e t 

S e n s o r 
E l e c t r o n i c s 

C h a s e r 
S e n s o r 
E l e c t r o n i c s 

T o t a l s 

Sta t ion Keeping R a d a r 
2 T r a n s m i t t e r s 
4 R e c e i v e r s 
4 Omni D i r e c t i o n a l Antennas 
Cabl ing 

Tota l 

POWER 
(Watts) 

8 

12 
30 

50 

20 

35 

55 

8 
50 

58 

WEIGHT 
(lb) 

4. 4 

5 .0 
12. 0 

2 1 . 4 

20. 0 
6 . 0 

2 0 . 0 
9 .0 

5 5 . 0 

4. 4 
16. 0 

. 5 
12 .0 

3 2 . 9 

VOLUME 
(in^) 

640 

290 
300 

1230 

755 
300 

855 
1440 

3350 

640 
920 

30 
90 

1680 
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t r a n s m i t t i n g i n t e r m i t t e n t l y , wh i l e in c o n t a c t w i th the M S F N , w a s s e l e c t e d . 
In the even t t ha t MSFN S-band c h a n n e l s a r e a l l o c a t e d , K - b a n d f r e q u e n c i e s 
a t w indows in the oxygen and w a t e r v a p o r a b s o r p t i o n s p e c t r u m s a p p e a r 
a t t r a c t i v e . The U H F s y s t e m p r o v i d e s o m n i d i r e c t i o n a l v e h i c l e - t o - v e h i c l e , 
EVA, and s h o r t r a n g e g r o u n d - R N S c o m m u n i c a t i o n s . 

The X - b a n d r a d a r p r o v i d e s for r e n d e z v o u s and m a y be t i m e s h a r e d 
for v e h i c l e - t o - v e h i c l e c o m m u n i c a t i o n s . O p e r a t i n g wi th a c o o p e r a t i v e 
t a r g e t , the r a d a r , w i th a 2 - w a t t t r a n s m i t t e r and 3 0 - c m d i a m e t e r p a r a b o l i c 
a n t e n n a , h a s a d e t e c t i o n r a n g e g r e a t e r than the 820 n m i r e q u i r e m e n t for 
g e o s y n c h r o n o u s a l t i t ude a u t o n o m o u s r e n d e z v o u s . The s cann ing l a s e r r a d a r 
a c c o m p l i s h e s a u t o m a t i c dock ing and a l s o p r o v i d e s for t r a c k i n g a 
c o o p e r a t i v e t a r g e t at r a n g e s up to 75 n m i . 

D ig i t a l C o m p u t e r 

The h e a r t of the 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 (IMS) i s the d ig i t a l 
c o m p u t e r . It p r o v i d e s for a l l da t a hand l ing , p r o c e s s i n g , and s t o r a g e on­
b o a r d the RNS. The r e q u i r e m e n t s u s e d for the d ig i t a l c o m p u t e r t r a d e s tudy 
a n a l y s i s a r e ou t l ined in V o l u m e II - P a r t A - Sec t ion 4 of th is r e p o r t . 
G e n e r a l p u r p o s e p r o c e s s o r s h a v e b e e n s e l e c t e d for the RNS b e c a u s e of 
the m a x i m u m f lex ib i l i ty they afford, t h e i r g r o w t h c a p a b i l i t y to p r o v i d e for 
p l a n e t a r y m i s s i o n s , and t h e i r s av ing in s i z e , weight , and p o w e r . 

In the c o m p a r i s o n tha t fo l lowed b e t w e e n a s ing le c e n t r a l i z e d p r o c e s s o r , 
s e v e r a l d e d i c a t e d p r o c e s s o r s , and m u l t i p r o c e s s i n g s y s t e m , the l a t t e r w a s 
c h o s e n b e c a u s e of the m a x i m u m f lex ib i l i ty i t a l l o w s ; the e x p a n s i o n capab i l i t y 
bo th for added p r o c e s s i n g and p l a n e t a r y g rowth ; and i t s l ower s i z e , we igh t , 
and p o w e r . Add i t iona l ly , m u l t i p r o c e s s i n g s y s t e m s can be deve loped in 
p a r a l l e l w i th the o the r s u b s y s t e m s b e c a u s e of t h e i r c apab i l i t y to adapt to 
c h a n g e s in the s u b s y s t e m r e q u i r e m e n t s . S e v e r a l r e c e n t s t u d i e s have 
i n v e s t i g a t e d m u l t i p r o c e s s o r d i g i t a l c o m p u t e r c o n f i g u r a t i o n s in c o n s i d e r a b l e 
d e t a i l . R e f e r e n c e 5.4 g ives a s u r v e y of e x i s t i n g s y s t e m s and p r e s e n t s 
s c a l i n g l a w s . R e f e r e n c e 5. 5 d i s c u s s e s p r e p r o c e s s i n g by loca l p r o c e s s o r s , 
da t a bus d e s i g n , and p a c k a g i n g c o n c e p t s . Weight and v o l u m e e s t i m a t e s for 
the m u l t i p r o c e s s o r a r e f r o m R e f e r e n c e 5. 5. P o w e r w a s c o m p u t e d a s 50 w a t t s 
for the f i r s t C P U p l u s 30 p e r c e n t i n c r e a s e for e a c h add i t i ona l C P U . M e m o r y 
p o w e r w a s a l l o t t e d s ix w a t t s for e a c h 4, 000 32 -b i t w o r d s . 

C o m m u n i c a t i o n s and T r a c k i n g 

E x t e r n a l c o m m u n i c a t i o n l inks a s s o c i a t e d wi th the RNS fall into the 
fol lowing c a t e g o r i e s . 
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1. Communications with ground via d i rec t or re lay satel l i te sys tem 
links while the RNS is in ea r th orbit at or below geosynchronous 
a l t i tudes . 

2. Communicat ions with ground while in ear th and lunar orbi ts above 
geosynchronous al t i tudes including t rans lunar t r a jec to r ies and 
lunar o rb i t s . 

3. Communicat ions with ea r th during in te rp lane tary and c i rcumplane ta ry 
flight. 

4. Communications with logis t ics vehic les , Space Station, LOSS, and 
PD/M&R via di rect l inks. 

Providing for communicat ions in the fourth of the preceding ca tegor ies 
is s t ra ight forward. The third ca tegory will use the deep space t racking 
network. Providing common equipment for the f i rs t two ca tegor ies is m o r e 
of a problem because of the number of options avai lable. A communicat ions 
sys tem s u m m a r y is shown in Table 5-10. The trade-off analysis per formed 
leading to the select ion of each component is d i scussed in detail in 
Volume II - P a r t A - Section 4 of this r epor t . 

An RF sys tem using MSFN facil i t ies was selected as most a t t rac t ive 
on the bas is of the qualitative c r i t e r i a . In the event that MSFC S-band 
channels a r e allocated, K-band frequencies at windows in the oxygen and 
water vapor absorpt ion spec t rums appear a t t rac t ive . 

Vehic le- to-vehic le communicat ions a r e provided by X-band, SLR, and 
UHF s y s t e m s . The X-band and SLR sys t ems , a lso used for t racking, a r e 
d iscussed in the section on re la t ive posit ion s e n s o r s . The UHF sys tem 
provides omnidirect ional veh ic le - to -vehic le , EVA, and ground RNS 
communication. Four UHF antennas a r e provided for redundancy. Equip­
ment c h a r a c t e r i s t i c s a r e p re sen ted in Table 5-11 , including power, weight, 
and volume. 

The schemat ic d iagram shown in F igure 5-16 depicts the main 
information flow paths among the a s sembl i e s which compr i se the 
Navigation, Guidance and Control subsys tem. All of the navigation sub­
assembly inputs and outputs can be addressed only through the RACU's . 
Activation of a guidance p r o g r a m de te rmines which assembly or a s sembl i e s 
will rece ive commands from the mul t ip rocess ing computer or provide data 
to the computer to satisfy the r equ i r emen t s of the pa r t i cu la r phase of the 
miss ion . 
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Table 5 -10 . C o m m u n i c a t i o n s S y s t e m S u m m a r y 

Communications 
System Component 

X-band sys tem 

Scanning radar l a se r 

UHF sys tem 

S-band 

Communications 
Purpose 

In ter -vehic le 

In ter -vehic le 

In ter -vehic le (short 
range), ground 

Ground 

Comments 

Antenna shared with 
acquisit ion and tracking 
r ada r sys tem. 

Provides back-up 
rendezvous and docking 
communicat ions 
capabili ty. 

Omnidirect ional antennas 
provide for in te r -vehic le , 
ground and/or EVA 
comnaunication. 

Data dump from low ear th 
orbit using MSFN 
faci l i t ies . Continuous 
communication capability 
with deep space network in 
geosynchronous, t r a n s ­
lunar, lunar orbi ts . 



Table 5-11, Communications Equipment Cha rac t e r i s t i c s 

System 

S-band 
2 t r ansmi t t e r s 
1 r ece ive r 
4 omni antennas 
1 direct ional antenna 
cabling 

Totals 

X-band 
e lect ronics 

SLR 

UHF 
2 t r a n s m i t t e r s 
1 r ece ive r 
4 antennas 
cabling 

Totals 

Power 
(Watts) 

80 
15 

30 

125 

15 

6 
4 

10 

Weight 
(lb) 

8. 0 
5.0 

. 5 
19.5 
12.0 

44. 5 

5 

1. 0 
2.0 

. 5 
12.0 

15. 5 

Volume 
(in3) 

1300 
300 

10 
7300 

90 

9000 

350 

70 
100 

30 
90 

290 

Comments 

3-foot d iameter parabol ic antenna. 
12-watts t r ansmi t t e r power. 

E lec t ronics (encoder, e t c ) for communica­
tions, only. Other equipment (antenna, etc. « 
covered under re la t ive position s enso r s . 

All equipment covered under re la t ive 
position s e n s o r s . 
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Elec t r i ca l Power 

The RNS self-sufficing concept r equ i re s that all e l ec t r i ca l energy 
r equ i remen t s be provided from on-board equipment during each miss ion 
cycle. Power cycles of 28 and 55 days have been invest igated with a m i n i ­
mum stage lifetime of three y e a r s . E lec t r i ca l power during dormant 
per iods other than those in the miss ion cycle is assumed to be supplied 
from the propel lant depot and /o r other power modules . The subsys tem 
concept and component select ion is based on maximizing commonali ty with 
other space p r o g r a m elements (i. e. , Space Shuttle, Space Station, etc. ) 
and minimizing special logist ic r e q u i r e m e n t s , where p rac t i ca l . 

The redundancy requ i rements a r e dictated by the mis s ion including 
considerat ions for manned payload mi s s ions . Three separa te and independent 
busses a r e to be provided to satisfy redundancy r equ i r emen t s . Automatic 
c i rcu i t ry is to be provided to p e r m i t paral le l ing of energy sources , 
i nve r t e r s and /or conver te r s with min imum t rans ien t effects and for load 
protect ion. Both back-up and emergency power r equ i remen t s a r e considered 
in the final concept selection. 

Requi rements 

ANSC repor t S-130, "NERVA Engine Reference Data, " September 1970, 
Contract SNP-1 was util ized as the source document in identifying the 
NERVA power r equ i r emen t s . The engine firing can be divided into three 
dist inct per iods from a power consumption viewpoint: (1) engine operation 
including s tar tup, s t eady-s ta te , and shutdown; (2) cooldown; and (3) coast . 

The power r equ i remen t s for a typical engine firing include operating 
engine valves and control d rum ac tua tors as well as the engine control and 
ins t rumentat ion power. This value, when averaged over the engine operating 
period, is approximately 2, 200 wat ts . Peak power during this t ime may be 
3, 500 watts at initiation of chilldown. 

The power r equ i rement s during cooldown and coast a r e much lower 
than during engine operat ion. Power requ i rement during cooldown is about 
200 watts with additional 400 watts pulses , which r ep re sen t valve operation. 
However, because the valves used during pulse cooldown requ i re no power 
except when actuated, valve operation adds only about one watt of 
continuous power. The coast power requ i rements (approximately 60 watts) 
a r e based upon the use of a l imited amount of c r i t i ca l ins t rumentat ion and 
maintenance of the command receiving capability. 
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Although the p o w e r r e q u i r e m e n t s a r e l o w e r d u r i n g cooldown, the 
a m o u n t of e n e r g y r e q u i r e d i s m u c h g r e a t e r than for engine o p e r a t i o n as 
shown in T a b l e 5 -12 . 

S u r g e c u r r e n t s wi l l be s ign i f i can t only for the a c t u a t o r s . In i t i a t ion 
of ch i l ldown wi l l d r a w a s m u c h as 128 a m p for a p p r o x i m a t e l y five s e c o n d s 
d u r i n g n o r m a l o p e r a t i o n . O t h e r s u r g e s w i l l be 70 a m p or l e s s for a p e r i o d 
not e x c e e d i n g five s e c o n d s . 

The s t a g e - m o u n t e d d i g i t a l e l e c t r o n i c s , l oca t ed in the f o r w a r d s k i r t 
a r e a of the n u c l e a r s t a g e , w i l l d i s s i p a t e 97 p e r c e n t of the NERVA e l e c t r i c a l 
e n e r g y d u r i n g the c o m p l e t e m i s s i o n . The r e m a i n i n g t h r e e p e r c e n t wi l l 
be d i s s i p a t e d in the eng ine a r e a for v a l v e s and a c t u a t o r s . 

P o w e r r e q u i r e m e n t for the eng ine d u r i n g checkou t i s 200 w a t t s and i s 
p r e s e n t l y iden t i f i ed to h a v e a d u r a t i o n of 600 s e c o n d s . Th i s power l eve l is 
c o n s i d e r a b l y l o w e r than the o p e r a t i n g p o w e r l e v e l p r e v i o u s l y a s s u m e d for 
the checkou t funct ion b a s e d on e a r l i e r da t a . 

The a s t r i o n i c s e l e c t r i c a l p o w e r r e q u i r e m e n t s l i s t e d in Vo lume II -
P a r t A - Sec t ion 4 of th is r e p o r t a r e the l a t e s t e s t i m a t e s b a s e d on def in i t ion 
of v a r i o u s c o m p o n e n t s iden t i f i ed in the P h a s e III s tudy . The e l e c t r i c a l 
n e t w o r k s p o w e r r e q u i r e m e n t s a r e t h o s e d e v e l o p e d d u r i n g the P h a s e II s tudy . 
The NERVA eng ine p o w e r l e v e l s sho'wn in T a b l e 5-13 a r e the e x a c t power 
r e q u i r e d for e a c h NERVA engine o p e r a t i o n . 

The e l e c t r i c a l e n e r g y r e q u i r e m e n t s iden t i f ied in Tab le 5 - 1 3 a r e b a s e d 
on the "NR N o m i n a l " l u n a r m i s s i o n s . The s t ay t ime in l u n a r o r b i t i s 
a p p r o x i m a t e l y 17 d a y s , 1 3 of wh ich the RNS is a s sunaed to be in a d o r m a n t 
m o d e . S ince the m i n i m u m e n e r g y t r a n s f e r o p p o r t u n i t i e s o c c u r e v e r y 54. 6 
d a y s , i t h a s b e e n a s s u m e d the RNS •will be in a d o r m a n t condi t ion for 24 
days in e a r t h o r b i t , a l lowing t i m e for s t a g e checkou t , r e n d e z v o u s wi th the 
p r o p e l l a n t depot , and t r a n s f e r of p r o p e l l a n t s . 

E n e r g y r e q u i r e m e n t of N R ' s r e p r e s e n t a t i v e l una r m i s s i o n f r o m t i m e 
of E a r t h d e p a r t u r e to r e t u r n to E a r t h o p e r a t i o n s o rb i t is shown in a sub to t a l 
(777. 4 kwh) in T a b l e 5 - 1 3 . The to ta l e n e r g y r e q u i r e m e n t for a 54. 6 day 
t u r n a r o u n d t i m e i s 1196. 41 kwh. It should be noted that the long cooldown 
t i m e and the long d o r m a n t t i m e s a r e the m a j o r c o n t r i b u t o r s to the o v e r a l l 
e l e c t r i c a l e n e r g y r e q u i r e m e n t even though the p o w e r l e v e l s a r e m o d e s t . 

Unoff ic ia l i n f o r m a t i o n r e c e i v e d f r o m ANSC could inf luence the s i z ing 
of the RNS e l e c t r i c a l p o w e r s o u r c e in the f u t u r e . Tha t i s , ANSC is c o n s i d e r i n g 
the u s e of a b a t t e r y l o c a t e d be low the N E R V A / s t a g e i n t e r f a c e poin t to r e d u c e 
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Table 5-12. RNS Subsystem 

RNS Subsystem 

^^^200 Watts for 600 Seconds 
/px for checkout 
^ 'Engine Run Time Dependent-

3500 watts Peak at 
Engine Start, 2200 
Watts during Engine 
Steady State Run 

Engine 

Propellent Gaging 

Pressurization 

Electrical Control 

Environmental Control 

Reaction Control 

IMU 

Star Tracker (2) 

Horizon Sensors 

Radar X-Band 

Radar SLR 

Radar Station Keep 

Computer 

Communications X-Band 
S-Band 
UHF 

Television 
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T/M Signal Cond 

T/M Transducers 
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Table 5-13.RNS Elec t r ica l I 'nergy Requirements 
(Reference Ltinar Shuttle Mission) 

1 M i s s i o n P h a s e 
0 / 3 5 0 0 watts p e a k at engine s tart , 

2200 watts d u r i n g s t e a d y state 
engine run. 

P a y l o a d Mate (S ta t ion Keep) 
C h e c k o u t R N S / P L (Stat jon Keep) 
T L I i B u r n (950 Sec SS)(1620 sec P T C ) " " 
T L I i E l l i p s e C o o l d o w n 
T L I 2 B u r n (770 Sec SS)(1370 sec P T O ) 
TLI2 Cooldown 
M i d c o u r s e C o r r e c t i o n (0 s e c SS) 

(520 Sec PTO) 
TLI2 Cooldown Cont . 
LCI Burn ( 320 sec SS) ( 7 1 0 sec P T O ) 
LOI Cooldown 
R e n d e z v o u s to Standoff P o s i t . ( R E N D Z ) 
D o r m a n t 
R e n d e z v o u s to S ta t ion K e e p P o s i t . 
S ta t ion Keep ( P L MATE) 
Checkou t R N S / P L (Sta t ion Keep) 
TEIi B u r n (100 Sec SS)(370 Sec P T O ) 
TEI^ Cooldown 
TEI2 B u r n (0 Sec SS)(190 Sec P T O ) 
TEI2 C o a s t 
T E I 3 B u r n (30 Sec SS)(260 Sec P T O ) 
TEI3 Cooldown 
T E C o a s t 
M i d c o u r s e C o r r e c t i o n (0 Sec SS)(250 Sec 

P T q 
1 TE C o a s t 

EOI B u r n (500 Sec SS)(990 Sec P T O ) 
EOI Cooldown 
H o h m a n n T r a n s f e r &; Dock - Cooldown 

Cont . 
Subto ta l 

Sub to ta l - Eng ine p lus s t a g e 

Checkou t RNS 
D o r m a n t 
Checkou t RNS 
R e n d e z v o u s wi th P r o p e l l a n t Depot 
T r a n s f e r P r o p e l l a n t 

: S ta t ion K e e p ( P / L Mate P o s i t . ) 
1 T o t a l 
[ T o t a l - Eng ine p lus s t a g e 

Mi s s i o n 
P h a s e 

Duration 

(Hours) 

2 5 . 
0. 
0. 
4 . 
0. 

10. 
0. 

8 2 . 
0. 

66 . 
2. 

323. 
2. 

2 5 . 
0. 
0. 

12. 
0. 

12. 
0. 

9. 
0. 
0. 

7 3 . 
0. 

24 . 
2. 

50 
5 
4 5 
0 
38 
0 
144 

197 
7 
0 
0 
0 
5 
5 
103 
0 
0 5 3 
0 
072 
7 
3 

069 

0 
2 7 5 
0 
0 

2 . 

576. 
2. 
2. 

18. 
2. 

0 
0 
0 
0 
0 
0 

Power 
Leve l 
(kv. 

Eng. 
Burn 

— 

® 
® 
® 

® 

© 
® 
® 

© 

® 
— 

_ ^ 
— 

- -
— 

) 

Stage 

1.437 
1.437 
1. 549 
1.749 
1. 549 
1. 749 
1. 549 

1.749 
1. 549 
1.749 
1.599 
0 . 6 6 5 
1. 599 
1.437 
1.437 
1. 549 
1.749 
1. 549 
1. 254 
1. 549 
1. 749 
1. 254 
1. 549 

1. 254 
1. 549 
1.749 
1.749 

1 .4 

0. 665 
1 .4 

1. 599 
1. 295 
1. 437 

Energy 
Leve l 
(kwh) 

Eng. 
Burn 

1. 14 

0 . 9 8 

0. 41 

0. 54 

0. 30 

0. 18 

0 .23 

0. 22 

0 .72 

4. 72 
777 

Stage 

3 6 . 7 0 
0 .72 
0 .70 
7. 0 
0. 59 

17 .49 
0 .22 

143 .5 
0. 31 

115 .2 
3. 2 

2 1 5 . 0 1 
3. 2 

3 6 . 7 
0. 72 
0. 16 

2 1 . 0 
0.C8 

15. 1 
0. 11 

17. 0 
0. 37 
0. 11 

9 1 . 6 
0. 43 

42. 0 
3. 5 

7 7 2 . 7 1 
. 4 3 

2 . 8 
3 8 4 . 0 

2. 8 
3 . 2 

2 3 . 3 
' 2 . 8 8 

1191 .69 1 
1196 .41 1 

* SS = s teady-s ta te run 
>"* PTO = NERVA run s t a r t -up through pump tailoff 
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peak power del ivery r equ i rement s to the engine, thereby reducing the weight 
of e l ec t r i ca l power cables between the power source and the engine. With 
this configuration the peak power requ i rement during engine s teady-s ta te run 
would be approximately 700 wat t s . Bat te ry recharge power requ i rements 
a re anticipated to be 360 watts for a period of ten hours following a major 
engine burn (ANSC's ALM miss ion) . The cooldown power requ i rement 
would r emain at 200 wat ts . 

E lec t r i ca l Power Subsystem Analysis 

Three fuel cel ls will provide the power level, voltage regulat ion and 
redundancy capabili ty for supplying the p r i m a r y d i rec t cu r ren t (dc) power 
needs of the RNS. Two of the three fuel cells would be normal ly connected 
to the busses with the third fuel cell in a ready standby mode. This 
configuration will allow inc reased subsys tem life capabili ty by a l te rna te 
uti l ization of the three fuel cel ls as well as providing redundancy 
capability. Three , three-phase> 400 Her tz inve r t e r s a r e included for 
a l ter ing cu r ren t (ac) loads in the otherwise dc power subsys tem configuration. 
Two s i lve r -z inc (one-year l ifetime) secondary ba t t e r i e s will supplement 
the fuel cells for peak loads and emergency power r e q u i r e m e n t s . Power is 
del ivered to the ac and dc control centers for dis t r ibut ion throughout the 
vehicle with due r ega rd for e lec t romagnet ic compatibil i ty considera t ions . 
Sol id-s ta te switching devices and c i rcui t b r e a k e r s will be used for switching 
and control where p rac t i ca l . Cooling of so l id-s ta te convers ion equipment and 
ba t t e r i e s will be effected through mounting on cold p la tes . Radia tors , 
mounted external ly on the s t r uc tu r e of the as t r ion ics bay a r e provided for 
fuel cell cooling. Where p rac t i ca l , the e lec t r i ca l power components will 
be located in a common equipment bay. 

Ratings of the major components a r e shown in the F igure 5-17 schemat ic . 
The fuel ceils a r e ra ted at 2 kw each and a r e based upon an average RNS 
load as high as 1. 9 kw, with t rans ien t peak loads at engine s t a r t increas ing 
to 5. 75 kw. The total power level requ i red during s teady-s ta te engine run 
will be slightly less than 4 .4 kw (includes 10% allowance for losses ) . Since 
operating t imes at the higher power levels and t rans ien t peak power levels 
a r e re la t ively shor t compared with the longer lower average power level, 
two fuel cells will be capable of supplying power for all other RNS nnission 
opera t ions . 
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SAFETY/ORDNANCE 

This subsys tem provides a posi t ive means of te rminat ing vehicle 
flight in the event of excess ive deviation from the planned t ra jec tory . 
Since the RNS is pass ive (payload to the INT-21) throughout the boost phase , 
the signal activating the ordnance for propellant d i spers ion of the RNS is 
sent from the S-IC or S-II with the in i t ia tors located on these vehicles . 
There fore , passivat ion of this sys tem is not required after separat ion from 
S-II in ear th orbit . 

Therefore , the en t i re subsys tem cons is t s maint ly of two l inear 
shaped cha rges , for redundancy, running the length of the tank s idewalls . 
The 'ordnance is located within the Systems Tunnel. Controlled detonators 
fuses (CDF) interface with the S-II through quick disconnects . F igu re 5-18 
p re sen t s a schemat ic of the subsys tem. 
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6. 0 MASS C H A R A C T E R I S T I C S 

Th i s s e c t i o n s u m m a r i z e s t h e e s t i m a t e d and c a l c u l a t e d we igh t s for the 
s i n g l e t ank c o n i c a l aft bu lkhead c o n f i g u r a t i o n . C o m p u t e r p r o g r a m s w e r e 
employed a s a p p l i c a b l e to s y n t h e s i z e t h e we igh t of each c o m p o n e n t . L o a d s , 
e n v i r o n m e n t , o p e r a t i o n a l l i fe , m i s s i o n , g round and s p a c e o p e r a t i o n s 
r e q u i r e m e n t s a s w e l l a s the c a n d i d a t e m a t e r i a l s , f a b r i c a t i o n , i n s t a l l a t i o n , 
duty c y c l e , and g e o m e t r i c c h a r a c t e r i s t i c s f o r m e d the b a s i s for the a n a l y s i s . 
In add i t ion , ex i s t i ng h a r d w a r e da ta w e r e modi f ied as r e q u i r e d . M o r e o v e r , 
m a l l t h e c a l c u l a t i o n s and a s s u m p t i o n s , c o n s i d e r a t i o n w a s g iven to t h e 
p e n a l t i e s a s s o c i a t e d w th the i n s t a l l a t i o n of e a c h c o m p o n e n t . This is 
e s s e n t i a l to a s s u r e r e a l i s t i c weigh t for p e r f o r m a n c e and c o s t s t u d i e s . 
I t e m s inc luded w e r e j o i n t s , s p l i c e s , s u p p o r t s , c u t o u t s , i n t e r c o n n e c t s , 
u m b i l i c a l s , h a i n e s s e s , t i t t m g s , v a l v m g , qu ick d i s c o n n e c t s , r edundan t 
h a r d w a r e , and c o m p o n e n t a t t a c h m e n t s . W h e r e " h a r d d a t a " w e r e not a v a i l ­
a b l e , a we igh t f a c t o r b a s e d on e x p e r i e n c e w a s a s s i g n e d to m a i n t a i n r e a l i s m 
m t h e r e s u l t s . The m a g n i t u d e of each f ac to r w a s d e t e r m i n e d taking into 
c o n s i d e r a t i o n not only d e s i g n c r i t e r i a and i n s t a l l a t i o n , but a l s o s h a p e , 
l oca t i on , and funct ion of the c o m p o n e n t a s w e l l . F o r e x a m p l e , s k i r t s and 
t h r u s t s t r u c t u r e f a b r i c a t e d of t h e s a m e m a t e r i a l exhibi t c o m p l e t e l y d i f fe ren t 
i n s t a l l a t i o n f a c t o r s e s t a b l i s h e d by t h e load ing , s h a p e , and loca t ion . Tha t i s , 
t h e t h r u s t s t r u c t u r e s h a p e and n e c e s s a r y c u t o u t s and equ ipmen t s u p p o r t s 
c a r r y t h e h i g h e s t i n s t a l l a t i o n we igh t p e n a l t y of a l l t h e s t r u c t u r a l c o m p o n e n t s . 
T h e f o r w a r d and aft s k i r t s follow m s e v e r i t y . The v a r i a t i o n in i n s t a l l a t i o n 
we igh t b e t w e e n t h e s e two c o m p o n e n t s a l s o d e p e n d s on s t a g e d e s i g n conf igu­
r a t i o n , t h r u s t s t r u c t u r e a r r a n g e m e n t , and equ ipmen t l oca t i on . 

T h e a s t r i o n i c s u b s y s t e m w e i g h t s inc luding e l e c t r o n i c s and e l e c t r i c a l 
p o w e r c o m p o n e n t s a r e b a s e d on ex i s t ing h a r d w a r e a n d / o r m a n u f a c t u r e r ' s 
d a t a , a s a p p l i c a b l e . 

T a b l e 6-1 p r e s e n t s t h e we igh t s u m m a r y for t h e b a s e l i n e v e h i c l e 
following t h e f o r m a t e s t a b l i s h e d by N A S A - M S F C . Table 6-2 p r e s e n t s a 
de t a i l ed we igh t b r e a k d o w n for t h e R e a c t i o n C o n t r o l S y s t e m . A l s o p r e s e n t e d 
m the t a b l e a r e t h e v o l u m e , p r e s s u r e , and condi t ion ing r e q u i r e m e n t s for 
t h e oxygen and h y d r o g e n r e a c t a n t s . 

T a b l e 6_3 p r e s e n t s a d e t a i l we igh t b r e a k d o w n of t h e a s t r i o n i c s y s t e m 
inc luding e l e c t r i c a l p o w e r , e n v i r o n m e n t a l c o n t r o l , and p r o p e l l a n t m a n a g e -
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Table 6-1 

SINGIJ-: TANK DK.SIGN RNS WEIGHT SUMMARY 
(CONICAK AFT BULKHEAD) 

CODE 
t 

2. 00 
2. 01 

2 . 0 2 
2. 03 
2 . 0 4 
2 . 0 5 
2 . 0 6 
2. 07 
2. 08 
2. 09 

3. 00 
3. 01 
3 . 02 

4 . 0 0 
4. 01 
4 . 0 2 
4 . 0 3 

5. 00 
5. 01 
5 .02 
5 .03 
5. 04 
5. 05 . 
5. 06 

DESCRIPTION 

S t r u c t u r e 
P r o p e l l a n t Tank 

Fwd Bulkhead 
Cyl Sect ion 
Aft Bulkhead 

Engine T h r u s t S t r u c t u r e 
F o r w a r d Sk i r t 
Aft Ski r t 
Tunnel -̂ F a i r i n g s 
Elxterior F i n i s h & S e a l e r 
E q u i p m e n t Suppor t S t r u c t u r e 
A s t r i o n i c s Modu le S t r u c t u r e 
Add i t i ona l S t r u c t u r e 

A e r o n o s e cone (expendab le ) 

M e t e o r o i d / T h e r m a l P r o t e c t i o n 
Insula t ion 
Meteo ro id P r o t e c t i o n 

D o c k i n g / C l u s t e r i n g 
Fwd Docking S y s t e m 
Aft Docking S y s t e m 
C l u s t e r i n g S t r u c t u r e 

Main P r o p u l s i o n 
NERVA Engine -
Ex t e rna l Disc .Shield for N E R V A * * 
P u r g e Sys tem L Leak Detect ion 
P r o p e l l a n t Scavenging Sys & S e n s o r s 
P r o p e l l a n t Feed S y s t e m 
P r e s s u r i z a t i o n S y s t e m 

- ORBITAL ASSEMBLY - 1 
INVERTED TANK 

LAUNCH 1 
Lunar 

Miss ion 

(24325) 
17470 
1710 
6900 
8860 

500 
2080 
1100 
1025 

430 
7 8 0 
940 
N / A 

(13120) 
7220 
5900 

(1320) 
520 
800 

N / A 

(30225) 
27230 

280 
N / A 
560 

1150 

Ground 
Launch 

(33325) 
17470 
1710 
6900 
8860 

500 
2080 
1100 
1025 

430 
7 8 0 
9 4 0 

(9000) 

9000 

(13120) 
7220 
5900 

(1040) 
520 
520 
N / A 

(2950) 
N / A 
N / A 
280 
N / A 
320 

1130 

Reference NERVA Engine Reference Data - .Sept. 1970-
4050-pound external shield rec;,uired for manned miss ions . 
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Tab le 6-1 (contd) 

CODE 

5 . 0 7 
5 .08 
5 .09 

6. 00 
6 .01 
6 . 0 2 
6. 03 

7. 00 
7. 01 
7 .02 
7 . 0 3 
7 . 0 4 
7 .05 
7. 06 
7. 07 
7 . 0 8 
7. 09 

8 .00 
8 .01 
8. 02 

9 .00 

DESCRIPTION 

F i l l 8. D r a i n / O r b i t Refueling 
Ground 8. E m e r g e n c y Vent 
F l igh t Vent 

Auxi l i a ry P r o p u l s i o n 
Reac t ion Con t ro l S y s t e m 
R e t r o S y s t e m 
Ul lage S y s t e m 

A s t r i o n i c s S y s t e m / A s t r i o n i c s 
Guidance Navigat ion & Cont ro l ** 
I n s t r u m e n t a t i o n 
C o m m a n d k Con t ro l 
E l e c t r i c a l P o w e r * -* 
E l e c t r i c a l Network 
E n v i r o n m e n t a l Con t ro l 
P r o p e l l a n t M a n a g e m e n t 
O n - b o a r d Checkout 
Data M a n a g e m e n t 

Safety O r d n a n c e S y s t e m 
Safety S y s t e m 
O r d n a n c e S y s t e m 

Cont ingency 

SUBTOTAL 

- ORBITAL ASSEMBLY -
INVERTED TANK 

LAUNCH 

Lunar 
Mis s ion 

655 
N / A 
350 

(1320) 
1320 
N / A 
N / A 

(5055) 
870 
445 
N / A 

2060 
350 
575 
600 

45 
110 

(175) 
95 
80 

0 

75540 

Ground 
Launch 

655 
N / A 

565 

(1320) 
1320 
N / A 
N / A 

( 5 0 5 5 ) 
870 
445 

N / A 
2 0 6 0 

350 
575 
600 

45 
110 

(175) 
95 

'80 

0 

56985 

** Inc ludes a 500 pound a l lowance for the NERVA i n s t r u m e n t a t i o n and 
con t ro l s u b s y s t e m . 

*=;:::; This weight inc ludes fuel ce l l r e a c t a n t s 
Reac t an t Breakdown Usab le = 1 0 3 0 lb 

Res idua l ^ 50 1b 

Tota l 1O8O Ih 
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Table 6-1 (Continued) 

CODE 

10. 00 

11 .00 
11 .01 
11 .02 
11 .03 

12. 00 

13 .00 

14. 00 

14 .01 
14. 02 
14. 03 
14. 04 

15 .00 

DESCRIPTION 

RCS P r o p e l l a n t 

R e s i d u a l P r o p e l l a n t 
Liquid P r o p e l l a n t 
Vapor Vented 
Vapor 

R e s e r v e F l igh t P e r f o r m a n c e 

P r o p e l l a n t Boiloff 

I m p u l s e P r o p e l l a n t (S ta r tup , M a i n -
s t a g e , Shutdown, Cooldown, R e s e r v e ) 

F i r s t B u r n 
Second B u r n 
T h i r d B u r n 
F o u r t h B u r n 

Usab le LH2 P l a c e d in Orb i t 

T O T A L 

- ORBITAL ASSEMBLY -
INVERTED TANK 

LAUNCH 

Lunar 
Miss ion 

(5800) 

(289Q 

0 

Ground 
Launch 

(5800) 

(1100) 
0 

( included in tode 13. 00) 
2890 1100 

( included in Code 14 .00) ' 

(1360) 

(295750) 

N/A 

381340 

0 

N/A 

186165 

250000 

Lunar Mission B .O. Weight 
Subtotal 
Less usable fuel cell react . 
Plus Residual Vapor 

B. O. weight 

P lus Ex te rna l Radiation Shield 

B .O. Weight 

NERVA Engine Orbi ta l Assembly 

75540 
1030 

2890 
77400 lb at end of last cooldown 

(unmanned miss ions) 
4050 : 

81450 lb at end of last cooldown 
(manned miss ions) 

27470 lb 
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T a b l e 6 -2 . S u p e r c r i t i c a l S t o r a g e RCS R e q u i r e m e n t s 
rT 

P r o p e l l a n t We igh t Lbs 
S t o r a g e Tank Weigh t L b s 
Accunnu la to r We igh t L b s 
H e a t E x c h a n g e r Weigh t L b s 
G a s G e n e r a t o r Weigh t L b s 
L i n e and Va lve Weigh t Lbs 

Subto ta l Lbs 

E n g i n e Weigh t L b s 

T o t a l S y s t e m Weigh t Lbs 

S t o r a g e Tank P r e s s u r e 
A c c u m u l a t o r P r e s s u r e s 
S t o r a g e Tank V o l u m e F t 
A c c u m u l a t o r V o l u m e F t 
Condi t ion ing T e m p e r a t u r e R 

°2 
4600 

2 8 0 
37 
14 

5 
44 

4980 

70 

7190 

800 
800/450 

6 8 
8 . 2 

300 

« 2 

1200 
7 3 0 

92 
18 

7 
33 

2070 

500 
500 /200 

285 
3 3 . 6 

200 

m e n t s u b s y s t e m s . T h e p r o p e l l a n t m a n a g e m e n t in t h i s c a s e c o n s i s t s of 
the s e n s i n g s y s t e m r e q u i r e d for p r o p e l l a n t gauging u n d e r a p o s i t i v e g. 
It is of i m p o r t a n c e to no t e tha t t he weight d i s t r i b u t i o n shown r e f l e c t s 
n p e r a t i o n a l . 19 74 s t a t e - o f - t h e - a . r t e q u i p m e n t . Al l n e c e s s a r y e l e c t r o n i c 
c o m p o n e n t s , h a r d w a r e , and cab l ing a r e inc luded . I n s t a l l a t i o n and 
s u p p o r t s t r u c t u r e , excep t a s no ted , is r e p o r t e d a s s t r u c t u r e u n d e r Code 
2. 08 in T a b l e 6 -1 , RNS Weight S u m m a r y . G u i d a n c e , Nav iga t i on and 
C o n t r o l s u b s y s t e m d e t a i l s a r e a s defined in the s u b s y s t e m d e s i g n s e c t i o n 
d i s c u s s e d p r e v i o u s l y . O t h e r s o u r c e s employed in the de ta i l ed def ini t ion 
of t h e i n s t a l l e d c o m p o n e n t s inc lude S-II and Apol lo h i s t o r i c a l da t a , a s 
wel l a s t h e Space S ta t ion Study, and a v a i l a b l e m a n u f a c t u r e r ' s da ta . 

T h e Guidance;;. N a v i g a t i o n and C o n t r o l s y s t e m inc ludes a 5 00-pound 
NERVA d ig i t a l i n s t r u m e n t a t i o n and c o n t r o l s u b s y s t e m (NDIC) a s speci f ied 
in t h e NERVA E n g i n e R e f e r e n c e D a t a , S e p t e m b e r 1970. 

T e l e m e t r y and m e a s u r i n g e s t i m a t e s a r e b a s e d on vendor da ta and 
S-II t y p e c o m p o n e n t s p r o j e c t e d to 1974 s t a t e of t h e a r t . Th i s p r o j e c t i o n 
a s s u m e s a v o l u m e r e d u c t i o n of 33 p e r c e n t and a we igh t r e d u c t i o n of 
50 p e r c e n t due to m i c r o m i n i a t u r i z a t i o n . T h e s y s t e m is m u l t i p l e x e d and 
u s e s S-band s y s t e m a n t e n n a s . 
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Table 6 -3 . As t r ion ics System Detail Weight Statement 
(Single Tank Basel ine Design) 

Code 

7. 00 

7. 01 

Descr ip t ion 

As t r ion ics Sys t em/As t r ion ic s 

Guidance, Navigation &; Control 
Iner t ia l Measurement Unit (IMU) 

IMU - Strapdown System 
Spare Power Supply 

Star T r a c k e r s (3) 
T r a c k e r Heads (2) 
E lec t ron ics (2) 
Optics 
Coaxial Cabling 

Horizon Sensor 
T r a c k e r Head ) 
E lec t ron ics ( 
Optics 
Coaxial Cabling 

X_Band Radar 
T r a n s m i t t e r s (2) 
Receiver 
Antenna 
Antenna Extension System 
Coaxial Cabling 

Scanning L a s e r Radar (SLR) 
Targe t 

Sensor 
E lec t ron ics 

Chase r 
Sensor 
E lec t ron ics 

Coaxial Cabling 
Statiohkeeping Radar 

T r a n s m i t t e r s (2) 
Rece ive r s (4) 
Omni-d i rec t iona l Antennas (4) 
Coaxial Cabling 

Radar Transponder 

W 

58, 0 
2. 0 

24. 0 
18. 0 
22. 0 

0. 5 

49. 0 

8. 0 
0,5 

4. 5 
5. 0 
7 , 0 
3 . 0 
1,0 

20. 0 
6. 0 

20, 0 
9 . 0 
0 , 5 

4. 5 
16. 0 

0, 5 
12. 0 

eight (Lb) 

(5055 . 

870 
60. 0 

6 4 . 5 

5 7 . 5 

20. 5 

55. 5 

33 . 0 

10. 0 

0) 

0 
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Table 6-3 . As t r ion ics System Detail Weight Statement 
(Single Tank Basel ine Design) 

contd. 

Code 

7, 02 

7, 03 

7. 04 

D e s c r i p t i o n 

T e l e v i s i o n 
C a m e r a 
C o a x i a l Cab l ing 

NDIC ( inc lud ing c o n t a i n e r ) 
Data B u s s e s ( c o a x i a l j 

Wi th in A . U . (2) 
NDIC to E n g i n e (2) 

I n s t r u m e n t a t i o n 
C o m m u n i c a t i o n s 

S_Band 
T r a n s m i t t e r (2) 
R e c e i v e r 
O m n i A n t e n n a s (4) 
D i r e c t i o n a l An tenna & D r i v e M e c h a n i s m 
An tenna E x t e n s i o n 
C o a x i a l Cab l ing 

X - B a n d 
E l e c t r o n i c s 
C o a x i a l Cab l ing 

UHF 
T r a n s m i t t e r s (2) 
R e c e i v e r 
A n t e n n a s (4) 
C o a x i a l Cab l ing 

T e l e m e t r y & M e a s u r i n g 
E l e c t r o n i c s , M u l t i p l e x e r , M o d u l a t o r s (2) 
T r a n s d u c e r s 
S igna l C o n d i t i o n e r s , A m p l i f i e r , 
P o w e r D i v i s i o n 

Cabl ing 

C o m m a n d and C o n t r o l 

E l e c t r i c a l P o w e r 
F u e l C e l l s (3) 
B a t t e r i e s , C h a r g e r s & Boxes 
F i l t e r s , H e a t e r s , C o m p r e s s o r s 

Wei 

10. 0 
1. 0 

25. 0 
33. 0 

( 5 0 . 0 ) 
8. 0 
5. 0 
0. 5 

19 . 5 
5. 0 

12 . 0 
( 5.. 5) 

5. 0 
0 , 5 

( 1 5 , 5 ) 
1. 0 
2. 0 
0. 5 

12 . 0 

1 0 1 . 0 
5 5 . 0 

1 8 5 , 0 
3 3 . 0 

g h t ( L b ) 

1 1 . 0 

500 , 0 
5 8 . 0 

7 1 . 0 

3 7 4 . 0 

- -

3 6 0 . 0 
7 0 . 0 
5 0 . 0 

4 4 5 . 0 

2 0 6 0 . 0 
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T a b l e 6_3, A s t r i o n i c s S y s t e m D e t a i l Weigh t S t a t e m e n t 
(S ing le Tank B a s e l i n e Des ign ) 

con td . 

Code 

7, 05 

7, 06 

7, 07 

7, 08 

7 .09 

D e s c r i p t i o n 

R a d i a t o r 
P l u m b i n g 
V a l v e s , e t c . 
I n v e r t e r s (3) 
T a n k a g e Inc lud ing S u p p o r t s 

GOX (1) 
GH2 

R e a c t a n t s 
GOX 
GH2 

E l e c t r i c a l N e t w o r k 
J u n c t i o n B o x e s 
Condi t ion ing E q u i p m e n t 
Cabl ing 

Wi th in A s t r i o n i c s Unit 
To E n g i n e (2 L e a d s ) 

E n v i r o n m e n t a l C o n t r o l 
P a s s i v e Sys A s s u m e d Weigh t A l l o c a t i o n 
A c c t s for C o n t a i n e r s ( excep t for NDIC) , 
I n s u l , and H e a t e r s 

P r o p e l l a n t M a n a g e m e n t 
E l e c t r o n i c s 
S e n s o r s 
M a s t 
Cab l ing & S u p p o r t s 

O n - B o a r d C h e c k o u t 
R e m o t e A c q u i s i t i o n & C o n t r o l Uni t s (9) 

Da ta M a n a g e m e n t 
C o m p u t e r 
L O , (2) 

Wei 

130. 0 
200. 0 

960, 0 
120, 0 

150. 0 
100. 0 

ght (Lb) 

50. 0 
40 . 0 
4 0 , 0 
40 , 0 

3 3 0 . 0 

1 0 8 0 . 0 

50, 0 
50, 0 

250, 0 

25 . 0 
1 8 5 . 0 
250. 0 
140, 0 

45 , 0 

100. 0 
10. 0 

350. 0 

5 7 5 . 0 

6 0 0 . 0 

4 5 . 0 

110 .0 
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T h e e l e c t r i c a l p o w e r s y s t e m w e i g h t s r e p r e s e n t t h e fuel c e l l s p lus 
b a t t e r i e s a r r a n g e m e n t d i s c u s s e d p r e v i o u s l y in th i s v o l u m e . The e l e c t r i c a l 
n e t w o r k is b a s e d on S-II d a t a . Cab l ing w i th in t h e a s t r i o n i c s bay is a s s u m e d 
to equa l a p p r o x i m a t e l y tha t w i th in t h e S-II f o r w a r d s k i r t . Cabl ing for 
fu rn i sh ing p o w e r to t h e NERVA is e s t inaa ted a t 33 p e r c e n t of the S-II 
e l e c t r i c a l cab l ing uni t we igh t in t h e t u n n e l . 

P r o p e l l a n t m a n a g e m e n t w e i g h t s a r e b a s e d on S-II fuel gauging da ta 
and c o n s i s t of poin t s e n s o r s , c a p a c i t a n c e p r o b e s , s e n s o r m a s t , e l e c t r o n i c s , 
c a b l i n g , and s u p p o r t s t r u c t u r e . T h e S-II s y s t e m w e i g h s a p p r o x i m a t e l y 
315 p o u n d s . F o r t h e RNS we igh t a l l o c a t i o n , s e n s o r s and m a s t w e r e s c a l e d 
a s a funct ion of t ank l eng th , and cab l ing and s u p p o r t s a s s u m e d to b e 
30 p e r c e n t of t h e t o t a l . Z e r o - g gauging is not inc luded in t h e b r e a k d o w n 
pending f u r t h e r de f in i t ion . / 

T h e w e i g h t b r e a k d o w n shown, t h e r e f o r e , r e p r e s e n t s an o p t i m i s t i c 
d e s i g n a p p r o a c h t ak ing into c o n s i d e r a t i o n t h e knowledge of t h e o p e r a t i o n a l 
r e q u i r e m e n t s of each c o m p o n e n t . 

T a b l e 6-4 p r e s e n t s the s t a g e m a s s and i n e r t i a c h a r a c t e r i s t i c s 
emp loyed to e s t a b l i s h t h e R e a c t i o n C o n t r o l S y s t e m r e q u i r e m e n t s . 

T a b l e 6 -4 . RNS M a s s and I n e r t i a P r o p e r t i e s 

Propel lan t 
Loading 

Mass 
(Slugs) 

Roll Inert ia 
Slug 

ft2 X 10^ 

Pi tch and Yaw 
Inert ia Slug 

ft^ X 10^ 

Center of 
Gravity 

(feet) 

NO PAYLOAD 

Empty 
Full 
1/2 Full 

2, 720 
12,100 

7,400 

0. 36 
0. 36 
0. 36 

4 .2 
12. 0 

8.0 

70. 0 
51. 5 
61.0 

1 PAYLOAD ATTACHED 1 

Ful l 

* Reference da 

15,800 

tum plane at st 

0. 67 26. 0 

ation 1869 (Reference F igure E 

31. 5 

,-3) 
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7. 0 STAGE I N T E R F A C E S 

S o m e of t h e m o r e s ign i f i can t flight i n t e r l a c e s tha t t h e RNS 
s t a g e wi l l p o t e n t i a l l y e n c o u n t e r i nc lude the NERVA, Space Shut t le , RNS 
pay load , P r o p e l l a n t D e p o t , M a i n t e n a n c e E l e m e n t , and Space Tug. 
T h e s e wi l l be t r e a t e d m th i s s e c t i o n wi th t h e excep t ion of the payload 
and P r o p e l l a n t Depot . L a c k of def in i t ion of t h e s e two po t en t i a l s y s t e m s 
p r e c l u d e a val id a s s e s s m e n t at t h i s t i m e . T h e m a j o r p r e - o p e r a t i o n a l 
i n t e r f a c e tha t t h e s t a g e e n c o u n t e r s is wi th t h e INT-21 , d i s c u s s e d m 
Sec t ion 8 of t h i s v o l u i n e . 

As p r e v i o u s l y m e n t i o n e d , t h e s t a g e l e s s engine is boos ted to 
o rb i t m an i n v e r t e d p o s i t i o n employ ing t h e INT-21 b o o s t e r . Mating and 
a s s e m b l y wi th the S p a c e Shu t t l e d e l i v e r e d NERVA is p e r f o r m e d in low 
e a r t h o r b i t . I n t e r f a c e wi th a M a i n t e n a n c e Elennent on a schedu led b a s i s 
IS p e r f o r m e d p r i o r to each m i s s i o n to a c c o m p l i s h flight r e a d i n e s s t a s k s 
inc luding c h e c k o u t , a s wel l a s c o m p o n e n t s r e p a i r and r e p l a c e m e n t . T ins 
i n t e r f a c e a l s o can t a k e p l a c e at v a r i o u s po in t s du r ing t h e m i s s i o n 
depend ing on u n s c h e d u l e d m a i n t e n a n c e r e q u i r e m e n t s of the veh ic l e . 
T h e s p a c e tug could i n t e r f a c e with the s t a g e for payload d e l i v e r y a s wel l 
a s for eng ine d i s p o s a l a s d i s c u s s e d m V o l u m e II - P a r t A - Sec t ions 2 
and 3 of t h i s r e p o r t . 

N E R V A / S T A G E I N T E R F A C E 

Both p h y s i c a l and l u n c 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 have been 
ident i f ied for the N E R V A / s t a g e and a r e d i s c u s s e d be low. 

P h y s i c a l I n t e r l a c e 

P h y s i c a l i n t e r l a c e b e t w e e n the NERVA and s t a g e e n c o m p a s s the 
a r e a s of s t r u c t u r e s , f l u i d / m e c h a n i c a l i n t e r c o n n e c t s , and e l e c t r i c a l / 
e l e c t r o n i c i n t e r c o n n e c t s l o r ground and flight t e s t a s wel l a s for the 
o p e r a t i o n a l p r o g r a m . 

T h e r e c o m m e n d e d t e s t p r o g r a m wi l l be a c c o m p l i s h e d with 
flight d e s i g n h a r d w a r e . C o n s e q u e n t l y , t he p h y s i c a l i n t e r f a c e r e q u i r e ­
m e n t s for t h e t e s t and o p e r a t i o n a l p r o g r a m s wil l be the s a m e with the 
excep t ion of cooldown and p u r g e r e q u i r e m e n t s p e c u l i a r to the ground t e s t 
p r o g r a m only. T h e s e e x c e p t i o n s h a v e not b e e n iden t i l i ed at p r e s e n t . 

Both s t a n d a r d and m o d i l i e d eng ine d e s i g n s w e r e employed to 
a s c e r t a i n a s a t i s f a c t o r y i n t e r l a c e of t h e 8 - d e g r e e half cone - a n g l e , 2 5 -
m c h cap r a d i u s tank wi th t h e NERVA. F o r e x a m p l e . F i g u r e 7-1 des ign 
i l l u s t r a t e s t h e f e a s i b i l i t y of i n c o r p o r a t i n g a s t a n d a r d n e u t e r docking 

« » 
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sys tem in the engine/ tank interface for automatic orbi ta l mat ing of the 
engine and tank. The l a tes t engine configuration is used, with the follow­
ing modifications: the main feed lines a r e joggled inboard to accommodate 
the docking sys tem geometry and to facili tate connection to the 25-inch 
radius tank cap; and six la rge e l ec t r i ca l connectors of the same total pin 
a r e a a r e employed in place of the 46 sma l l e r connectors as specified in 
the l a tes t ANSC r e p o r t s . The act ive docking assembly is incorpora ted in 
the s tage th rus t s t r uc tu r e , and a pass ive docking ring is at tached to the 
engine forw^ard thrus t p la te . An actuated coupling plate inside of the active 
docking section on the s tage provides for holdback of the line and e lec t r i ca l 
connections during s t r u c t u r a l acquisi t ion and lockup, with subsequent positive 
al ignment and coupling of the s u b s y s t e m s . 

If the turns in the main propel lant lines at the TPA inlets a r e 
objectionable, the TPA's can be rota ted to align with the propellant lines 
w^ithout significant effect on the overa l l configuration. Joggling of the 
lines has the advantage of bringing them c loser to the engine gimbal 
center , thus, reducing the amount of flexibility requ i red to accommodate 
the engine gimbal mot ions . If access for inspection, e t c . , of the forw^ard 
side of the interface is des i red , the thrus t s t ruc tu re can be const ructed 
as an open t russ r a the r than a monocoque shel l . 

In o rde r to maximal ly exploit the radiat ion shielding advantage 
of the sma l l (2 5-inch) aft cap radius of the basel ine tank, it would be 
des i rab le to cont rac t the engine a c c e s s o r y sys t ems ahead of the external 
shield - par t icu la r ly the TPA's - w^hich may be significant secondary 
s c a t t e r e r s . In the c u r r e n t engine configuration, the TPA's a r e located 
3 5 inches out from the center l ine and the va lves /p lumbing project beyond 
the nominal 50-inch external shield radius in many p laces . The resu l t s 
of p r e l i m i n a r y studies presen ted in F igures 7-2, and 7-3 have indicated 
that, w^ith a nominal lengthening of the th rus t s t ruc tu re ahead of the 
shield, the TPA's can be pulled in to 22 inches from center and the 
va lves /p lumbing cont rac ted to a 38. 5-inch radius envelope w^ithout 
o therwise significantly a l te r ing the p resen t a r r a n g e m e n t and component 
concepts . The depicted interface design employs this contracted engine 
configuration. 

The s tage th rus t s t r u c t u r e , docking, and coupling provisions 
a r e the s ame as for the s tandard engine configuration -with joggled feed 
l ines . The pr incipal difference is that the feed lines do not r equ i re 
joggling. If the engine design can, in fact, be so modified, additional 
shield w^eight savings might be acc rued and a s imple r interface design 
accompl ished. 
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S t r u c t u r a l 

T h e s t r u c t u r a l i n t e r f a c e b e t w e e n t h e s t a g e and t h e NERVA 
c o n s i s t s of t h e two s e g m e n t s of t h e N e u t e r Dock ( d e s c r i b e d in Sec t ion 5. 0 
of t h i s v o l u m e u n d e r Dock ing) i . e . , an a c t i v e r i n g and cone 
a s s e m b l y m o u n t e d on t h e s t a g e t h r u s t s t r u c t u r e and a p a s s i v e r ing 
a n c h o r e d to t h e f o r w a r d t h r u s t s t r u c t u r e of t h e NERVA a s shown in 
F i g u r e 7 - 4 . T h i s b a s i c c o n c e p t w a s d e v i s e d by N R / S p a c e S ta t ion P r o g r a m 
to a c c o m m o d a t e o t h e r I P P e l e m e n t s and p r o v i d e w h e r e a p p l i c a b l e a s ea l ed 
p a s s a g e way b e t w e e n docked m o d u l e s . 

F l u i d / M e c h a n i c a l I n t e r c o n n e c t s 

T h e fluid i n t e r c o n n e c t s shown in F i g u r e 7-1 i nc lude p r o p e l l a n t 
l i ne s at t h e P S O V ' s , coo ldown l i n e to t h e c o o l d o w n - v a l v e m o d u l e , engine 
p u r g i n g , and s t a g e t ank p r e s s u r i z a t i o n . In add i t ion , t e m p e r a t u r e 
cond i t ion ing for the eng ine I&C e l e c t r o n i c s m a y be r e q u i r e d . 

P r o p e l l a n t is fed to t h e NERVA eng ine via two p r o p e l l a n t feed 
l i n e s 9. 5 i n c h e s d i a m e t e r each t h r o u g h t h e p r o p e l l a n t shutoff v a l v e s . 
Cooldown p r o p e l l a n t is suppl ied t h r o u g h t h e 3. 0 - inch d i a m e t e r cooldown 
l ine and is c o n t r o l l e d by t h e cooldow^n flow v a l v e . T h e 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 i n e r e c o m m e n d e d by NR is 2. 25 inches in d i a m e t e r . 

E l e c t r i c a l / E l e c t r o n i c s I n t e r c o n n e c t s 

T h e s t a g e e l e c t r i c a l i n t e r f a c e s defined by ANSC in E 1 0 5 - C P 0 9 0 -
2 9 0 - F l , " E n g i n e e r i n g T a t a for D e s i g n E v a l u a t i o n , " S e p t e m b e r 1970, 
p e r E n g i n e concep t 1137400C, c o n s i s t of a t o t a l of 46 p a n e l - m o u n t e d 
e l e c t r i c a l c o n n e c t o r s at t h e s t a g e i n t e r f a c e b a s e d on t h e c u r r e n t 
m e a s u r e m e n t s - r e q u i r e m e n t s l i s t and i n c o r p o r a t i o n of t h e I&C s i g n a l -
cond i t ion ing m u l t i p l e x e r u n i t s in t h e eng ine . D e t a i l s of t h e i n t e r f a c e 
a r e g iven in F i g u r e 7 - 5 . T h e spec i f i c c o n n e c t o r d e s i g n h a s not been 
c o m p l e t e d . P r o v i s i o n s wi l l b e inc luded for r e m o t e m a t i n g of the 
e l e c t r i c a l c o n n e c t o r s . At t h e e n g i n e / s t a g e i n t e r f a c e ( s t a t i o n z e r o ) 480 
p o w e r c o n t a c t s and 633 to ta l c o n t a c t s on c o n n e c t o r s o r t o t a l c o n d u c t o r s 
have b e e n iden t i f i ed . 

As p r e s e n t e d e a r l i e r in F i g u r e s 7 - 1 , - 2 , and - 3 , N R / S D 
p r o p o s e s to r e d u c e the n u m b e r of c o n n e c t o r s a t this i n t e r f a c e to 
s ix , down f r o m the 46 iden t i f i ed by ANSC, r e t a i n i n g , h o w e v e r , the 
s a m e to t a l pin a r e a . This a p p r o a c h i s s u g g e s t e d to f a c i l i t a t e the 
a l i g n m e n t of the c o n n e c t o r s and s i m p l i f y the i n t e r f a c e . 
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Functional Interface 

The functional interface between the engine and s tage include 
th rus t and iner t i a l loads t r ansmi t t ed through the neuter docking sy s t em/ 
th rus t s t r uc tu r e a s s e m b l i e s , as •well as environmental conditioning of the 
engine compar tment during ground tes t opera t ions . Also included a re : 
fluid r e q u i r e m e n t s , ope ra t ing -p ressu re and t empera tu re , flow r a t e s , and 
e l e c t r i c a l / e l e c t r o n i c s r e q u i r e m e n t s . 

Loads 

The interface loads include both engine run, and docking loads . 

Engine Run - The l imit loads assoc ia ted with this phase of engine operation 
a r e : 

Axial = 7 5000 pounds (NERVA NOMINAL THRUST) 
Shear = _ 5600 pounds (based on resul tant deflected angle of 

4. 26 in the c o r n e r of a square pat tern resul t ing from 
3 actuator rotation) 

Moment = t 210, 000 in-lb (sta^tic only, dynamic TBD) 

Docking Loads - The neuter dock descr ibed in the Phys ica l Interface Section 
is employed in the docking operat ions between the engine and stage. The 
sys tem has the following capabi l i t ies : 

Axial Miss Distance: I 5, 0„inches 
• Angular Misal ignment: - •* 

Rotational Misal ignment: _ 4° 
Closing Velocity at Impact : 0. 5 FPS 

The loads a r e as follows: 

Axial = TBD 
Shear = TBD 
Moment = TBD 

Sign Convention 

••Shear 

7-12 
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E n g i n e P u r g e and E n v i r o n m e n t a l Cond i t ion ing 

V e h i c l e E n g i n e C o m p a r t m e n t - S o m e d e g r e e of e n v i r o n m e n t a l condi t ion ing 
of t h e e n g i n e w h e n confined wi th in t h e S p a c e S h u t t l e c a r g o b a y c o m p a r t m e n t 
and d u r i n g cold flow and hot f i r ing t e s t s a p p e a r s to be a n e c e s s i t y . This 
could i n c l u d e i so l a t i on of t h e eng ine f r o m e n v i r o n m e n t a l loading du r ing t h e 
l aunch and b o o s t p h a s e and m a y a l s o i n c l u d e t e m p e r a t u r e and a t m o s p h e r i c 
cond i t ion ing d u r i n g t h i s t i m e a s we l l a s d u r i n g t e s t s . F u r t h e r def in i t ion 
of t h e s e r e q u i r e m e n t s wi l l b e supp l i ed a s 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 . 

E n g i n e S y s t e m P u r g e / C o n d i t i o n i n g - T h e eng ine con t a i n s an i n t e g r a l p u r g e 
uni t wh ich c o n s i s t s of a s y s t e m of tubing to d i s t r i b u t e p u r g e gas f r o m an 
e x t e r n a l supp ly to c o m p o n e n t s r e q u i r i n g p u r g e . T h e eng ine is c a p a b l e of 
ven t ing and p u r g i n g a s r e q u i r e d to p r e v e n t t h e a c c u m u l a t i o n of e x p l o s i v e 
c o n c e n t r a t i o n s of h y d r o g e n and to p r o v i d e e n v i r o n m e n t a l p r o t e c t i o n to 

s e n s i t i v e eng ine c o m p o n e n t s , aga in , d u r i n g g round t e s t o p e r a t i o n s . It is 
p o s s i b l e to p u r g e the eng ine by an e x t e r n a l s o u r c e of i n e r t gas d u r i n g this 
p h a s e . 

A con t inuous p u r g e of i n e r t g a s m a y b e r e q u i r e d for s t o r a g e 
p e r i o d s : (1) s t o r a g e in a c o n t r o l l e d e n v i r o n m e n t , 5 y e a r s ; (2) l aunch pad 
e n v i r o n m e n t , 6 m o n t h s . P u r g i n g wi l l not b e r e q u i r e d in s p a c e . T h e r e is 
a l s o no r e q u i r e m e n t to p u r g e t h e eng ine b e f o r e and a f t e r f i r ing . F l o w r a t e s 
and q u a n t i t i e s of gas r e q u i r e d a r e not known at t h i s t i m e . Th i s i n fo rma t ion 
wi l l b e supp l i ed when a v a i l a b l e . 

E n g i n e s y s t e m p u r g e f luids a r e as fo l lows: (1) GN2 p r o c u r e d to 
MSFC S p e c i f i c a t i o n 234; and (2) GHe p r o c u r e d to MSFC Spec i f i ca t ion 364. 

I n s t r u m e n t a t i o n and C o n t r o l S u b s y s t e m P u r g e / C o n d i t i o n i n g - Al l e l e c t r o n i c 
p a c k a g e s wi l l r e q u i r e p u r g i n g , d u r i n g g round t e s t i n g and p r e l a u n c h , to 
p r e v e n t e n t r a p m e n t of a m i x t u r e of h y d r o g e n and a i r . T h e only un i t s to b e 
e x e m p t f r o m t h i s r e q u i r e m e n t a r e t h o s e wh ich wi l l b e h e r m e t i c a l l y s e a l e d . 
F l o w r a t e s and p r e s s u r e s have not b e e n e s t a b l i s h e d . T e m p e r a t u r e 
cond i t ion ing is r e q u i r e d d u r i n g flight o p e r a t i o n s . 

T h e un i t s to b e c o n s i d e r e d for p u r g e a n d / o r condi t ion ing a r e : 
(1) NERVA d i g i t a l I&C e l e c t r o n i c s ; (2) v a l v e a c t u a t o r d r i v e r s ( l oca t ions to 
b e d e t e r m i n e d l a t e r ) ; and (3) m u l t i p l e x e r s . 

NERVA d i g i t a l I&C e l e c t r o n i c s w i l l r e q u i r e p u r g i n g wi th g a s e o u s 
n i t r o g e n d u r i n g g round t e s t and p r e - l a u n c h o p e r a t i o n s to p r e v e n t a h y d r o g e n 
and a i r m i x t u r e . When t h e s y s t e m is o p e r a t i n g du r ing f l ight , it wi l l r e q u i r e 
cond i t ion ing to 70 F I 30 F . 
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Conditioning for Engine Operation 

The NERVA engine is designed to opera te with liquid hydrogen 
which m e e t s r equ i rement s of MSFC Specification 3 56A. Engine pe r fo rmance 
is based upon propellant del ivered to the turbopumps at the conditions 
outlined in the pump per fo rmance map in F i g u r e 7-6. 

Pe r fo rmance of the NERVA turbopumps is shown in the figure as 
a plot of Net Pos i t ive Suction P r e s s u r e and % Vapor ve r sus propellant 
flow ra te and engine th rus t . The data show that hydrogen can be pumped 
under a var ie ty of conditions (including tvî o phases) over a range of N P S P ' s . 
The nominal design condition is a flow r a t e of 46 l b / s e c per pump for 
hydrogen at 28 psia sa tura t ion p r e s s u r e , zero NPSP. The design goal is 
26 psia sa tura t ion p r e s s u r e , zero NPSP. As an example of the flexibility 
avai lable , the figure shows that hydrogen at 20 psia saturat ion p r e s s u r e 
can be pumped at 46 l b / s e c per pump provided an NPSP of 2. 9 is avai lable 
(that i s , tank outlet p r e s s u r e is 22. 9 ps ia) . 

These data were utilized in determining tank p r e s s u r e for hydro/ 
t he rma l management . Analysis of the var ious burns showed that for the 
P a s s i v e Propel lant Management recommended by NR, the c r i t i ca l design 
condition is malfunction operation (single pump operation) for the last burn 
(EOI). At this t ime , nuclear and so la r heating has heated the LH2 to 23. 5 
psia sa tura t ion p r e s s u r e (39. 5 R). The 80-percen t th rus t r equ i r emen t for 
malfunct ion can be met by 3. 5 NPSP, that is , by a tank outlet p r e s s u r e of 
27 ps i a . However, a t some degradat ion of specific impulse , malfunction 
operat ions can be achieved at 65-percent of rated thrus t . ANSC is 
consider ing this thrus t level for possible throt t le mode operat ions . The 
figure shows that single pump operation at 65-percent thrus t (59. 5 l b / s ec ) 
r equ i res only 1. 5 NPSP for propellant at 23. 5 psia saturat ion p r e s s u r e 
(e. g, , a p r e s s u r e of 25 psia at the tank outlet). It has been determined 
that 2. 5 ps ia is required to account for flow los ses into the outlet l ine, 
flo^w losses through the capi l la ry devices in the tank, and vent valve setting 
band width. Thus, r equ i red tank design is 27. 5 ps ia . 

In addition to pump pe r fo rmance during steady burn, pump 
operat ion interfaces with stage design during preconditioning and boot­
s trapping. At the lower pump rotation ra tes during s t a r t -up , vapor 
ingestion is not as c r i t i ca l ; however, p resen t ANSC analysis shows that 
the lowest hydrogen t e m p e r a t u r e acceptable for bootstrapping is 36.8 R 
(15 psia sa tura t ion p r e s s u r e ) . 

F i g u r e 7-7 p resen t s the ul lage p r e s s u r e and liquid t e m p e r a t u r e 
h is tory for the r e fe rence lunar miss ion . 
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Analysis of thermodynamic behavior during engine chilldown pr io r 
to the TLI burn has been based upon a total flow of 280 lbs of hydrogen in 
40 seconds. La tes t information from ANSC indicates that the chilldown 
t ime is now approximate ly 130 seconds , but that the total flow of 280 lbs 
is a r easonab le value. 

The analysis was conducted using the following initial conditions: 
ul lage p r e s s u r e = 15. 5 psia , liquid t e m p e r a t u r e = 36. 8 R (sa turated) , 
ul lage volume = 5% or 3400 cu, ft. The resu l t s a r e shown in F igure 7-8. 
This shows that as chilldown flow occu r s , ullage p r e s s u r e drops . The 
concomitant vaporizat ion that can occur at the pump inlet is also shown on 
the figure. By the end of the conditioning period, just p r io r to bootstrapping 
ul lage p r e s s u r e has dropped by 0. 8 psia to 14. 7 psia , with a potential for 
vaporizat ion at the pump inlet of 11%. 

The pump per fo rmance curves previously shown reveal that 11% 
vapor formation is to le rab le at the low R P M ' s during pump s t a r t -up . 
However, r equ i rement s for the ANSC pump allows only zero percent vapor 
at s t a r t -up . T h e r e a r e a number of ways around this difficulty. They 
include (1) use of heat leak to r a i s e tank p r e s s u r e , with use of tank heat 
exchanger to maintain liquid at 36. 8 R, (2) use of a propellant depot to 
p r e p r e s s u r i z e the tank p r io r to the f i rs t burn, and (3) updating pump 
requ i rement s for propellant quality to anticipated leve ls . 

Another potential p roblem is that of the drop in propellant 
t e m p e r a t u r e to the equi l ibr ium value at 14. 7 psia (F igure 7-7). ANSC 
analyses show that the min imum acceptable t e m p e r a t u r e is the equil ibrium 
value of 15 psia . This p rob lem can be surmounted in a var ie ty of ways 
including requir ing that the propellant t e m p e r a t u r e after refueling 
cor respond to the equi l ibr ium value at 16 psia . Whatever fix is used, this 
potential p rob lem must be considered in establishing engine/s tage interface 
r equ i remen t s in future s tudies . 

Conditioning During Cooldown Phase 

F igu re 7-9 i l lus t ra tes propellant flow ra tes requi rements during 
cooldown. This figure shows cooldown pulse profiles following t rans lunar 
injection (TLI) for a single burn and a two-burn TLI. Continuous flow at 
e i ther 1, 7 or 0. 4 l b / s e c is required immediate ly after engine run and for 
some t ime thereaf te r (e. g. , about 2, 000 seconds following TLI); subsequently 
and for the g r e a t e r par t of the cooldown on-off pulsed flow is required at 
0. 7 l b / s e c . The no-flow^ portion of the on-off cooldown phase inc reases with 
increas ing tirne, so that during the bulk of the cooldown phase, a zero " g" 
condition ex i s t s . 
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T h e a p p r o a c h t a k e n to p r o v i d e p r o p e l l a n t feedout a t z e ro^ i f a^ i t y 
and p r o p e r p r e s s u r e d u r i n g coo ldown i s to u t i l i z e c a p i l l a r y c h a n n e l s and 
r e w e t t i n g s c r e e n s in con junc t ion with t h e 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 
s y s t e m d e s i g n e d for t h e v e h i c l e . 

T h e cooldown c o m p a r t m e n t in t h e t ank s u p p l i e s t h e engine c o o l ­
down p r o p e l l a n t d u r i n g t h e m i s s i o n . T h i s c o m p a r t m e n t 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 u n a r m i s s i o n , Cooldown following t h e TLI 
b u r n p r e s e n t s no p r o b l e m s a s t h e bulk p r o p e l l a n t c o m p a r t m e n t is e s s e n t i a l l y 
full . T h e r e f o r e , l iquid flow to t h e cooldown c o m p a r t m e n t and, h e n c e f o r t h , 
to t h e coo ldown l i n e is a s s u r e d . L ike 'wise , g a s f r e e l iquid flow o c c u r s a t 
LOI b u r n i n i t i a t i on . T h e s i t u a t i o n can b e d i f fe ren t a f t e r t h e LOI b u r n , a s 
t h e bu lk p r o p e l l a n t c o m p a r t m e n t is t hen p a r t i a l l y d e p l e t e d . T h i s c o m p a r t ­
m e n t wi l l b e s e t t l e d by t h e e a r l y coo ldown flow (0. 4 and 1. 7 l b / s e c ) . 
How^ever, d u r i n g l a t e r coo ldown flow (0 and 0. 7 l b / s e c pu l s ed flow), 
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 bulk p r o p e l l a n t 
c o m p a r t m e n t . T h i s would l ead to v a p o r p a s s a g e f r o m t h e bulk c o m p a r t ­
m e n t to t h e coo ldown c o m p a r t m e n t , 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 is p r e c l u d e d by the wick ing c a p a b i l i t y of the V - s h a p e d wicking c l u s t e r s . 
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 coo ldown flow 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 ' s . 

Bulk p r o p e l l a n t can s t i l l b e d i s l o c a t e d in t h e bulk and r e s t a r t 
c o m p a r t m e n t s a t T E I b u r n i n i t i a t i on . T h e wick ing c l u s t e r s cannot p r o v i d e 
a d e q u a t e flo^v at eng ine i n i t i a t i on and , t h e r e f o r e , t h e cooldown c o m p a r t m e n t 
m u s t b e s e t t l e d by RCS p r o p e l l a n t p r i o r to t h e b u r n . It has been d e t e r m i n e d 
tha t 40 pounds of RCS p r o p e l l a n t is suff ic ient to s e t t l e t h e r e s t a r t c o m p a r t ­
m e n t . A s t h i s is not suf f ic ien t to s e t t l e the bulk p r o p e l l a n t , a s m a l l a m o u n t 
of v a p o r could e n t e r t h e cooldov/n c o m p a r t m e n t whi le t h r u s t b u i l d - u p o c c u r s . 
D u r i n g T E I s t e a d y b u r n , it i s expec t ed tha t v a p o r wi l l b e " b u r p e d " out of 
t h e coo ldown c o m p a r t m e n t a t t h e b a r r i e r v e r t e x . This is t h e b a s i s for t h e 
s m a l l c o n e a n g l e and l a r g e open a r e a spec i f i ed for t h e cooldown b a r r i e r s . 

T h i s s a m e s e q u e n c e of even t s wi l l o c c u r d u r i n g TEI cooldown and 
E O I r e s t a r t . A d e t e r m i n a t i o n of t h e m a x i m u m amoun t of v a p o r tha t could 
a c c u m u l a t e in t h e cooldo'wn c o m p a r t m e n t h a s been m a d e . No a l l o w a n c e 
w a s m a d e for m i t i g a t i o n of t h i s p r o b l e m by v a p o r b u r p i n g d u r i n g s t e a d y 
b u r n . A t o t a l of 5, 350 l b s of l iquid could be d i s p l a c e d by v a p o r due to 
a d v e r s e l o c a t i o n d u r i n g cooldo"wn flow, w i t h d r a w a l of t h e r m a l condi t ion ing 
fluid f r o m t h e cooldown l i n e , and r e s t a r t flow. T h e r e f o r e , t h e cooldown 
p lus r e s t a r t c o m p a r t m e n t s h a v e b e e n s i zed for a LH2 c a p a c i t y of 5, 350 
pounds p lus 5, 950 pounds for a t o t a l of 11, 300 pounds . T h e 5, 950 pounds 
LH2 r e q u i r e m e n t is t h e m a x i m u m p r o p e l l a n t needed for t h e T E I cooldown. 

T h e l o w e s t o p e r a t i n g p r e s s u r e d u r i n g cooldow^n is not expec ted to 
d e c r e a s e b e l o w 21, 8 p s i a . T h i s o c c u r s a t t h e end of t h e T L I cooldown. 

* 
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P r e s s u r i z a t i o n 

P r e s s u r i z a t i o n is a key e n g i n e / s t a g e i n t e r f a c e . A u t o g e n o u s 
p r e s s u r i z a t i o n is e m p l o y e d in t h e RNS. T h i s s y s t e m u t i l i z e s eng ine hea t 
to v a p o r i z e s o m e of t h e LH2 p u m p e d f r o m t h e t ank ; t h i s h y d r o g e n gas is 
t hen r e t u r n e d to t h e t ank , m a i n t a i n i n g t h e t a n k ' s p r e s s u r e a s t h e expu l s ion 
c o n t i n u e s . A t u r b o p u m p s y s t e m is u sed to feed p r o p e l l a n t to t h e eng ine 
wi th t u r b i n e e x h a u s t w o r k i n g fluid, supp l ied via a b y - p a s s f r o m the eng ine , 
be ing u s e d a s p r e s s u r a n t . T h e s t a r t - u p p h a s e when eng ine c h a m b e r 
p r e s s u r e , p u m p sp in r a t e , and t u r b i n e e x h a u s t supp ly a r e bui ld ing up is 
t h e c r i t i c a l o p e r a t i o n a l p e r i o d . P r e s s u r a n t supply r a t e r e q u i r e m e n t s a r e 
a p p r e c i a b l y h i g h e r d u r i n g t h i s p e r i o d than du r ing s t e a d y eng ine b u r n , r a t e 
r e q u i r e m e n t s s u r g i n g to s t a y ahead of p u m p r e q u i r e m e n t s . 

In p e r f o r m i n g t h e p r e s s u r i z a t i o n a n a l y s i s b e f o r e A N S C ' s s t a r t - u p 
a n a l y s i s had b e e n c o m p l e t e d it was n e c e s s a r y to m a k e s o m e a s s u m p t i o n s 
a s to t ank p r e s s u r e r e q u i r e m e n t s . In m a k i n g th i s f i r s t cu t , it w a s a s s u m e d 
tha t t ank p r e s s u r e r i s e d u r i n g b o o t s t r a p p i n g w a s l i n e a r wi th t i m e . 

F i g u r e 7-10 shows p r e s s u r a n t flow r a t e r e q u i r e m e n t s a s a funct ion 
of t i m e for a s i n g l e TLI b u r n . P r e s s u r a n t flo'w is i n i t i a t ed a t b o o t s t r a p 
p r e s s u r i z a t i o n and r e a c h e s a p e a k v a l u e of 1. 15 l b / s e c j u s t p r i o r to 
a c h i e v e m e n t of s t e a d y b u r n p r e s s u r e . P r e s s u r a n t r e q u i r e m e n t s d u r i n g 
s t e a d y b u r n r a n g e f r o m 0. 66 to 0. 61 l b / s e c d u r i n g t h e I69O s e c o n d s s t e a d y 
b u r n p e r i o d - about half t h e peak v a l u e . P r e s s u r a n t flow is cont inued d u r i n g 
t h r o t t l e d b u r n and t a i l -o f f to m a i n t a i n p r e s s u r e d u r i n g t h i s p e r i o d . 

P r o c e e d i n g to t h e LOI b u r n , a c o m p a r i s o n of t h e p e r f e c t l y m i x e d 
u l l a g e wi th s t r a t i f i e d u l l a g e a s it a f fec t s p r e s s u r a n t flow r a t e h a s b e e n m a d e . 
F o r t h e f o r m e r c a s e , it w a s found t h a t a f t e r m i x i n g t h e p r o p e l l a n t and 
u l l a g e gas (a f te r t h e T L I b u r n ) t h e e q u i l i b r i u m p r e s s u r e w a s only s l i gh t l y 
a b o v e 15. 5 p s i a ; t h i s is due to t h e l a r g e a m o u n t of e v a p o r a t i o n r e q u i r e d to 
supply t h e u l l a g e wi th s a t u r a t e d v a p o r . 

P r e s s u r a n t flow r a t e is shown in F i g u r e 7-11 for t h r e e c a s e s . 
C u r v e A is a r e p e a t of p r e s s u r a n t flow r a t e for T L I b u r n ( F i g u r e 7-10) and 
is p r e s e n t e d for c o m p a r i s o n p u r p o s e s . C u r v e B shows t h e p r e s s u r a n t flow 
r a t e for t h e LOI b u r n for t h e c a s e of t h e u l l a g e r e m a i n i n g s t r a t i f i e d a f t e r 
t h e T L I b u r n . H e r e , a s p r e v i o u s l y d i s c u s s e d , t h e u l l a g e p r e s s u r e had 
fa l len to 22 . 8 p s i a j u s t p r i o r to t h e LOI b u r n . C u r v e C shows p r e s s u r a n t 
flow r a t e s for an LOI b u r n w h e r e t ank c o n t e n t s had m i x e d suf f ic ien t ly to 
a t t a i n t h e r m o d y n a m i c e q u i l i b r i u m . In i t i a l t ank p r e s s u r e in th i s c a s e is 
15. 5 p s i a . 

* 
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Peak p r e s s u r a n t flov/ r a t e is highest for Curve C (about 6. 8 lb / sec ) 
because of the l a rge initial ul lage and low init ial p r e s s u r e . Even though 
the initial p r e s s u r e is high (22. 8 psia) for the stratified LOI burn, peak 
p r e s s u r a n t flow r a t e is 3. 4 l b / s e c which is t h r e e t imes as high for this 
case than for the TLI burn; this is due to the much l a rge r initial ullage for 
the LOI burn. 

Boots t rap p re s su r i za t ion is not required for the TEI and EOI 
burns for the pass ive (strat if ied) propellant management . As pass ive 
propellant managenaent is the recommended method, Curve B of F igure 7-11 
is the appropr ia t e one to use in line sizing. 

To account for uncer ta in t ies as to degree of ullage strat if ication, 
flow ra te upon which the design was based was increased from 3, 4 to 4. 5 
l b / s e c . Equations and design char t s for compress ib le pipe flow with 
friction were used in the ana lys i s . 

Conditions at the turbine exhaust a r e , p r e s s u r e = 650 psia , 
t e m p e r a t u r e = 260 F . Using the previously mentioned design chart , it 
was determined that a line s ize of 1. 5 inch would be adequate. However, 
telephone conversat ions with ANSC personnel revealed that the assumption 
of a l inear p r e s s u r e r i s e is not appropr ia te . Their detailed study of 
boots t rap dynamics has shoAvn that the p r e s su re range is m o r e near ly 
exponential with high p r e s s u r a n t r a t e requ i rements at the end of p r e s s u r i ­
zation. F u r t h e r calculat ions showed that a 2, 25 inch l ine d iameter would 
be sat isfactory even for this m o r e str ingent tank p r e s s u r e ramp. 

NR recommends that the p r e s s u r e l ine d iameter be 2. 25 inches. 
ANSC recommended a 3. 5 inch line d i ame te r . This difference is readily 

,' explained, as ANSC assumed a destrat if ied ullage, while NR' s analysis is 
/ based on a stratified ul lage - with ul lage p r e s s u r e at s t a r t -up g rea te r than 

/ the vapor p r e s s u r e . Reconcil iat ion of these two line sizes is anticipated 
I in subsequent study phases as be t te r analytic tools a r e brought to bear on 
I ul lage t h e r m a l p r o c e s s and m o r e accura t e a s s e s s m e n t is made of the degree 
1 of ullage s trat i f icat ion. 

-, *. •-'»*iH3>»IM«l.^MMia«»-l," 

Elec t r i ca l Power 

ANSC Report S-130, "NERVA Engine Reference Data, " 
September 1970, Contract SNP-1, was utilized as the source document in 
identifying the NERVA power r equ i r emen t s . The engine firing can be 
divided into t h r e e dist inct per iods from a power consumption viewpoint; 
(1) engine operat ion including s t a r t - up , s t eady-s ta te , and shutdown; (2) 
cooldown; and (3) coast . Table 7-1 l i s ts the energy required for engine 
operat ion, cooldown, and coast for each burn of an eight-burn lunar miss ion 
(ANSC ALM miss ion) . Cooldown t imes a r e based upon terminat ing pulse 
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Table 7 -1 Energy Requirements for ANSC Mission ALM 

Burn Engine Operation* 
(w-hr) 

Cooldown ' 
(w-hr) 

14, 280 

1,520 

1.540 

11.580 

1,520 

1,540 

12,200 

19.000 

Coast 
(w-hr) 

1 • 

600 

• • • 

1 

2 

3 

4 

5 

6 

7 

8 

Tota l 

% of Overal l 

1.050 

136 

105 

146 

132 

91 

105 

455 

2,220 

3.36 

63,180 

95.73 

600 

0.9 

Overal l energy requirement for engine operation, 
cooldown and coast = 66, 000 w-hr 

* Includes s ta r tup , steady state operation, and shutdown. 
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cooldown when t h e d e c a y e n e r g y r e l e a s e da t a d e c r e a s e s to 5 kw. 

T h e p o w e r r e q u i r e m e n t s for a t y p i c a l eng ine f i r ing inc lude 
o p e r a t i n g eng ine v a l v e s and c o n t r o l d r u m a c t u a t o r s a s we l l a s t h e engine 
c o n t r o l and i n s t r u m e n t a t i o n p o w e r . T h i s v a l u e , when a v e r a g e d o v e r t h e 
eng ine o p e r a t i n g p e r i o d , is a p p r o x i m a t e l y 2 , 2 0 0 w a t t s . P e a k p o w e r du r ing 
t h i s t i m e m a y b e 3 , 500 w a t t s a t in i t i a t ion of ch i l ldown. 

The p o w e r r e q u i r e m e n t s d u r i n g cooldo'wn and c o a s t a r e m u c h 
l o w e r t han d u r i n g eng ine o p e r a t i o n . F i g u r e 7-12 shows tha t t he power 
r e q u i r e m e n t d u r i n g cooldown is about 200 w a t t s wi th add i t i ona l 400 wa t t s 
p u l s e s , which r e p r e s e n t v a l v e o p e r a t i o n . 

S u r g e c u r r e n t s to t h e eng ine wi l l b e s i g n i f i c a n t only for the 
a c t u a t o r s . In i t i a t i on of ch i l ldown wi l l d r a w a s m u c h as 128 a m p for 
a p p r o x i m a t e l y five s e c o n d s d u r i n g n o r m a l o p e r a t i o n . O t h e r s u r g e s wi l l 
b e 70 a m p or l e s s for a p e r i o d not e x c e e d i n g five s e c o n d s . 

P o w e r r e q u i r e m e n t for t h e eng ine d u r i n g checkou t is 200 w a t t s 
and is p r e s e n t l y ident i f ied to h a v e a d u r a t i o n of 600 s e c o n d s . 

T h e u s e of a b a t t e r y l o c a t e d be low t h e N E R V A / s t a g e i n t e r f a c e 
point would r e d u c e p e a k p o w e r d e l i v e r y r e q u i r e m e n t s to t h e engine , t h e r e b y 
r e d u c i n g t h e v/eight of the e l e c t r i c a l p o w e r c a b l e s b e t w e e n t h e p o w e r s o u r c e 
and the eng ine . With t h i s con f igu ra t i on , t h e p e a k p o w e r r e q u i r e m e n t 
d u r i n g eng ine s t e a d y s t a t e run would be a p p r o x i m a t e l y 700 w a t t s . B a t t e r y 
r e c h a r g e p o w e r r e q u i r e m e n t s a r e a n t i c i p a t e d to be 360 wa t t s for a p e r i o d 
of t en h o u r s fol lowing a m a j o r eng ine b u r n (ANSC' s A L M m i s s i o n ) . The 
cooldown p o w e r r e q u i r e m e n t s would r e m a i n at 200 w a t t s . 

T e l e m e t r y 

F o r in i t i a l f l i gh t s , t he F l i g h t M e a s u r e m e n t R e q u i r e m e n t s L i s t 
(MRL) wi l l b e u s e d to d e v e l o p t e l e m e t r y r e q u i r e m e n t s . T h e s e r e q u i r e m e n t s 
a r e d iv ided into two m a j o r ca t ego r i e s - : (1) flight o p e r a t i o n a l , inc luding 
sa fe ty and t r e n d d a t a ; and (2) fl ight qua l i f i ca t i on , which wi l l be r e m o v e d 
f r o m t h e fl ight r e q u i r e m e n t a s soon a s t h e involved c o m p o n e n t is flight 
qua l i f i ed . 

Mos t fl ight o p e r a t i o n a l da t a wil l b e s a m p l e d , d ig i t i z ed , and 
p r o c e s s e d by t h e eng ine s y s t e m d i g i t a l I&C e l e c t r o n i c s for t h e p r i m e u s e 
of the eng ine s y s t e m . T h o s e d i g i t a l c h a n n e l s d e s i g n a t e d for t e l e n a e t r y wi l l 
b e p r e s e n t e d to the s t a g e t e l e m e t r y s y s t e m as a (TBD) da ta t r a i n ( s ) at a 
m a x i m u m r a t e of (TBD) b i t s / s e c . E a c h -word wi l l con ta in (TBD) b i t s for 
da t a and (TBD) b i t s for c h a n n e l i den t i f i ca t ion . E a c h f r a m e wil l u t i l i z e one 
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word for f rame synchronizat ion. 

The remaining flight data will r emain in analog form and will be 
routed to the s tage-mounted NERVA digital I&C electronics for process ing , 
each sys tem use , and /o r t r ansmi t t a l to the stage for inflight use and input 
to t e l eme t ry . The channels designated for t e l eme t ry will be t ransmit ted 
to the ground in an analog format util izing (TBD) techniques. 

It is anticipated that the s tage t e l eme t ry will provide t r ansmis s ion 
of data in the follo^wing ca tegor ies . 

1. Digital data with sampling ra t e s of 10 to 100 s a m p l e s / s e c . 
2. Analog data with frequency content from 0 to 3000 Hz and 

total m e a s u r e m e n t sys tem uncer ta inty requ i rements of 5 
to 10%. 

Radiation Environment 

The applicable radiation dose levels for the various phases of 
engine operat ion a r e given below. 

NERVA External ly Shielded - In this operating mode the engine contains 
a 3300 pound internal shield and a 4050 pound external shield. 

Normal Operating Mode - F o r the normal operating mode, the radiation 
dose is 10 r e m at tank for the re fe rence lunar shuttle miss ion . 

Malfunction Operat ing Mode - TBD 

Emergency Operating Mode - TBD 

After Shutdown - TBD 

NERVA Externa l ly Unshielded - The subsequent radiation levels a r e based 
on a 3300 pound NERVA internal engine shield. 

Normal Operating Mode - The unperturbed iso-contours of post neutron 
flux densi t ies ( E > 0 . 9 Mev) and gamma ke rma ra tes a r e shown in F igure 
7-13 for the base l ine configuration as a function of dis tance from the NERVA 
core midplane. 
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Malfunction Mode - TBD 

Emergency Mode - TBD 

After Shutdown - I so -dose contours 24 hours after the 
NERVA firing for ear th orbital inser t ion (EOI) phase of a r epresen ta t ive 
lunar shutt le miss ion a r e presented in F i g u r e 7-14. Gamma kerma ra tes 
( r a d - h r " ) a r e given as a function of separa t ion dis tance (feet) from the 
NERVA core midplane with re fe rence to the polar angle, Ot = 0°, along 
the ver t i ca l axis in the forv/ard direct ion. 

SPACE SHUTTLE INTERFACE 

The NERVA is mounted in the engine del ivery support s t ruc tu re 
(shaded s t r uc tu r e shown in F igure 7-15) with the engine interface pointed 
forward. This orientat ion will take the 3g accelera t ion loads induced 
during launch. Hard points will be requi red near the bottom of the NERVA 
p r e s s u r e vesse l for support by the engine del ivery support s t ruc tu re . 
Location of the hard point is aft of the engine center of gravity which 
pe rmi t s handling at the c. g. during ground operations and loading. Three 
support points , two hard points on opposite sides of the p r e s s u r e vesse l 
and the neuter docking assembly , a r e provided to the engine in the shuttle. 

In the concept presented in the figure, the poison wires a r e 
removed from the engine p r io r to deployment from the Space Shuttle by 
re t rac t ing the removal boom shown. This p r e sen t s the problem that if 
mating with the stage cannot be accomplished, the engine cannot be returned 
to the ground facili t ies without creat ing a safety hazard. To preclude this , 
the engine could be supported and rotated from the nozzle end and poison 
wi res removed only after mating with the s tage is accomplished. 

In the concept shown, the support s t ruc tu re is rota ted 90 degrees and 
then the engine is ro ta ted 180 deg ree s , pointing the pass ive docking ring to 
the s tage. Following engagement of the docking sys tem and verification 
of lock-up with the s tage, the support s t ruc tu re is r e l ea sed and re tu rned to 
the stowed position in the space shuttle cargo bay. 

Following lock-up of the engine and s tage , the active docking ring will 
be r e t r a c t e d , and fluid and e lec t r i ca l connections accomplished. This will 
be followed by a functional checkout employing the on-board checkout sys tem. 
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STAGE MAINTENANCE INTERFACE 

Two maintenance e lement concepts have been identified for servicing 
the RNS in orbit . One concept is slaved to the Space Shuttle and is a t t rac t ive 
for low traffic r a t e s . It u t i l izes t e l eopera to r s under manual control from 
the space shuttle or the maintenance element. The other concept is 33 feet 
in d iameter and is launched to orbi t by the INT-21 where it r e m a i n s stationed 
permanent ly . This would be des i rab le for high traffic r a t e s . 

Space Shuttle Launched Maintenance Element 

The configuration of a Space Shuttle - integrated maintenance 
element developed for orbi ta l servic ing, rep lacement and checkout of the 
RNS equipment and components is shown in F igu re 7-16. The element is 
designed as an integrated module, del iverable and deployable from the 
15-foot d i ame te r by 60-foot long cargo bay of the Space Shuttle, capable 
of al l no rmal maintenance and replacement by r emote controlled mechan i ­
cal manipulat ion, and with a " c h e r r y - p i c k e r " pod incorporated which can 
be manned to afford d i rec t manual inspection and /o r se rv ice of specia l case 
problems that might a r i s e . 

The chass i s of the e lement cons is t s of a 36-inch by 120-inch rec tang­
ular torque box with a neuter dock at each end, capable of manned occupancy 
or for through passage to the as t r ion ics bay. The rep lacement components, 
manipu la to r s , manned pod, e tc . , a r e located external ly on the side of the 
chass i s and confined within the 15-foot d iameter envelope of the shuttle 
Remote control of the servicing operat ions may be conducted from inside 
the element chass i s or from the Space Shuttle. 

Three ca tegor ies of RNS as t r ion ics bay equipment r equ i r e r e p l a c e ­
ment : the RCS subsys tem, which is internally packaged in two symmetr ica l ly 
located semic i r cu la r modules a r r anged to be removed as in tegra l units; the 
in te rna l e l ec t r i ca l and e lec t ronic components , which a r e annularly instal led 
on removable r a cks around the inside of the as t r ion ics bay outer wall between 
the RCS modules; and the external s enso r s and antennas which a r e mounted 
in modular groups on the outside of the as t r ion ics bay outer wall . The main­
tenance e lement is equipped with a pai r of special manipula tors to se rv ice 
the RCS modules , plus a genera l manipulator capable of all of the other 
servicing functions including emplacement of the manned pod. 
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The pai r of RCS manipula tors a r e located n e a r e s t the RNS end of the 
serv ice e lement together with provis ions for s torage of a pair of RCS mod­
ules . Each manipulator cons is t s of a t rans la t ing ca r r i age ra i led to the 
serv ice element c h a s s i s , a swing-out a r m and flip-flop spindle with dual 
(opposed) RCS module pickups. In a typical service operation, two filled 
RCS modules a r e initially stowed on the maintenance element already 
engaged with one of the pickups of their respec t ive manipula tors . The 
following sequence is used to exchange the filled modules with the spent 
modules in the RNS: (1) the filled modules a r e swung out and rota ted away 
from the RNS; (2) the nnanipulators a r e then t r ans la ted to engage the unoc­
cupied pickups with the RNS spent modules; (3) the spent modules a r e 
withdrawn and the flip-flop spindles r eve r sed ; (4) the filled modules a r e 
inser ted; and (5) then the manipula tors stow the spent modules in the main­
tenance element in the posi t ions former ly occupied by the filled ones. 
Suitable guide r a i l s and automatic couplings and latches a r e provided, and 
the protect ive covers over the RCS bott les in tegra l with the modules , so 
that no other operat ions a r e r equ i red in making the exchange. 

The genera l manipula tor , together with a complete complement of 
spare equipment modules , a re mounted behind those for the RCS system. 
The manipulator and s p a r e s a r e a r r anged so that any modular group of 
components in the RNS can be exchanged with a rep lacement from the 
maintenance element . The manipulator embodies a multiple ar t iculated 
boom mounted off a r ing around the maintenance element chass i s and 
capable of all n e c e s s a r y genera l r eaches and or ienta t ions , incorporating 
an anchor pad and t r ans l a t ion / ro ta t ion head at the boom end to facilitate 
the local manipulat ions . A dual pickup flip-flop spindle in the head pe rmi t s 
the exchange of a module with i ts r ep lacement , s imi lar to the RCS system 
scheme. The anchor pad on the end of the boom engages with points on the 
RNS and serv ice e lement s t ruc tu res to provide suitable accuracy and 
rigidity in the pickup and emplacement of the modules. The offset between 
the anchor pad and the pickup allows engagement with ei ther internal or 
ex terna l modules on the RNS or those on ei ther side of the maintenance 
elennent c h a s s i s , from the same line of anchor points. 

The manned pod is at tached to the maintenance element chass i s 
through an air lock for p r e s s u r i z e d entry and exit; and is equipped with 
suitable connections so that it can be picked up by the genera l manipulator 
and t r anspor t ed to the vicinity of any of the equipment modules. By incorp­
orating arnn sockets and an external complement of tools , var ious special 
servicing and/or r epa i r functions can be accomplished. 
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INT-21 Launched Maintenance Element 

A 33-foot d iamete r maintenance element could facili tate the 
maintenance operat ions and although not compatible with the Space Shuttle 
launch, it can be boosted as an adjunct to the RNS tank on an INT-21. The 
configuration, as shown in F igu re 7-17, is compatible Avith the RNS 
geomet ry •with a single positioning. Inflatable seals would mate the docking 
and equipment bay s t ruc tu re enabling the equipment bay to be p r e s su r i zed . 
In this manne r , personnel would have di rect acces s to the as t r ionic 
equipment without need for EVA. Also, replenishment of RCS and fuel 
cell reac tant could be accomplished by a mechan ism controlled from within 
the maintenance element and monitored through viewing por t s . 

The design approach provides for future growth through modular 
expansion. In addition, it can be employed to se rv ice other p r o g r a m 
e lements such as space station or the propel lant depot present ly under 
evaluation. Also, the e lement could be t r anspor t ed to lunar orbit to 
se rv ice disabled RNS, space tug, or OLS, should the need a r i s e . 

F igu re s 7-18 and 7-19 i l lus t ra te a conceptual approach to rep lacement 
of the O2/H2 tank modules located in the as t r ion ics bay. The approach is 
applicable to both the 33 - and 15-foot d iameter serv ice element concepts 
outlined above. The spher ica l tanks supply propel lant to the RCS as well 
as to the fuel cel ls used to genera te e l ec t r i ca l power. The total propel lant 
is contained in eight t anks , six hydrogen and two oxygen. The sys tem has 
been subdivided into two modules containing th ree hydrogen tanks , two 
oxygen tanks , and two quads of RCS t h r u s t e r s . These modules a r e i n t e r ­
connected to maximize re l iabi l i ty by ascer ta ining that all propel lant tanks 
a r e available to all RCS quads and fuel ce l l s . Each module is about 25 
feet long, 9 feet wide, and 6 feet deep. 

In order to avoid the p rob lem of removing a port ion of the as t r ion ics 
bay s t r uc tu r e or disconnecting fluid and e lec t r i ca l line to the RCS th rus t e r s 
when removing each module , the RCS th rus te r panels a r e hinged inboard 
p r io r to module extract ion as shown in F igure 7-19 . This is accomplished 
by an e l ec t r i ca l r o t a ry actuator at the panel hinge point. Swivel joints a r e 
featured on the hinge line to obviate flexible joints in the fluid l ines , however, 
the e l ec t r i ca l cabling will be flexible. Three handling hardpoints a r e p r o ­
vided at the top of each module penetrat ing the mic rometeo ro id and t h e r m a l 
cover . Three p robes which a r e provided by the maintenance e lement latch 
mechanical ly into hardpoints . By re t rac t ing the probes simultaneously, 
each module is ex t rac ted from its compar tment . 
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To rep lace fully fueled modules into an empty compar tment , the t h r ee 
probes a r e extended from the maintenance element over a distance of 67 
inches . Two r a i l s on rad ia l f r ames with mating r o l l e r s on the module t r u s s 
s t ruc tu re guide and posit ion the module as it is lowered into the compar t ­
ment. F ina l positioning is achieved by four t apered pins on each corner of 
the tank t r u s s s t ruc tu re mating with corresponding sockets on the bulkhead. 
A fifth pin is r equ i r ed at the fluid e lec t r i ca l disconnect located on the cen te r -
line of the module. 

The disconnect cons is t s of two separa te connec tors , one for fluid and 
one for e l ec t r i ca l l ines . The connector half at tached to the tank module is 
mounted semi- r ig id ly to take up any smal l var ia t ions in location which could 
exist during mating. Additional al ignment pins a r e provided for each con­
nector . After final posit ioning, the tank module is held in place by two 
la tches on the guide r a i l s . 

Two components of the e lec t r i ca l power sys tem requ i r e rep lacement 
during the RNS l ifet ime - the fuel cel ls and the ba t t e r i e s . The rep lacement 
concept utilizing the sh i r t s l eeve environmental and manual servicing capa­
bility of the maintenance element concept a re depicted in F igu re s 7-20 and 
7-21. Each fuel cell and the ba t tery rack a r e individually mounted and 
pinned to t r ack sect ions which extend to the forward end of the stage and 
align with corresponding t r acks in the serv ice element when they a r e 
coupled. All sys tem connections between the fuel cel ls and stage and 
between the bat tery pack and stage a r e collected into a single row on a 
disconnect panel at tached to the inboard side of each e lement for ready 
a c c e s s . All couplings a r e of the quick disconnect hal f - turn type, with 
self-seal ing provis ions in the line couplings. By manual disengagement of 
the couplings and t r ack p ins , a fuel cell or the bat tery rack can be control -
lably moved into the maintenance element , d iver ted to s torage and a new 
unit emplaced. The provis ion for individual r ep lacement of the fuel cel ls 
p e r m i t s servicing without complete power shutdown of the RNS. For the 
same reason , it may be des i rab le to split the bat tery pack into two sep­
ara te ly rep laceable r a c k s , which can readily be done. Other components 
of the e lec t r i ca l systera a r e designed to opera te for the life of the vehicle 
and hence a r e modular ly insta l led with pullout t r ays to be serv iced in 
place or removed as n e c e s s a r y , s imi lar ly to the other "full life" subsys tems . 

SPACE TUG INTERFACE 

P r i o r discussion was or iented to maintenance operat ions in the for­
ward end of the stage where radiat ion levels a r e low enough to pe rmi t 
d i rec t manned r epa i r and servicing opera t ions . However, following NERVA 
firing, the radiat ion levels in the immedia te vicinity of the engine will 
r equ i r e the use of a remote ly control led manipulator such as an unmanned 
space tug. 
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The p r i m a r y maintenance operat ion cons idered in this p re l iminary 
analysis cons i s t s of the remova l and disposal of the NERVA. The removal 
will be ini t iated with disengagement of fluid and e lec t r i ca l connections at 
the docking sys tem interface pla te . This will be followed by extending and 
unlocking the docking r ings and positioning the engine for mating with the 
tug 's acquisi t ion probe as shown in F igure 7-22. The tug would then man­
euver to a posit ion for engaging i ts extensible acquisition probe with the 
engine pass ive docking r ing. After lock between the two sys tems is v e r i ­
fied, the RNS engine manipulator would be r e l eased , permit t ing engine 
r emova l and disposal as r equ i red . The mechan i sm shown in Detail "A" 
of F igure 7-22 is normal ly stowed. It is act ivated for engine acquisition 
and r emova l by rotat ing about i ts hinge point locked to the side of the thrus t 
s t ruc tu re by bolts emplacement s t ru t s . Latching and unlatching of the 
engine is accompl ished as shown in the figure. The ro ta ry actuator for the 
extension of the engine separat ion s t ru t is shown in Section B-B'. 
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8 . 0 INT-21 INTERFACE 

The p r i m a r y s t ruc tu ra l , mechanica l , and subsystem interfaces 
between the RNS and the INT-21 a r e p resen ted in Figure 8 -1 . 

The major interface which ex is t s between the two stages occurs at 
station 2519, the detai ls of which a r e shown in detail A, and sections C 
and D. Detail A defines the c l ea rance envelope at the center of the S-II 
stage at the interface plane which mus t be honored by the S-II stage in 
o rde r to c lear the RNS neuter dock. The c learance envelope prec ludes 
any S-II ha rdware extending into the specified a r ea when the S-II is in the 
p r e s s u r i z e d condition. 

Sections C and D define the physical location of the three alignment 
guide pins which a r e on the RNS adapter s t ruc ture and the mating guide pin 
r ecep tac le s at tached to the S-II forward skir t . Specific details of the guide 
pins and r ecep tac l e s a r e shown in section G. 

S t ruc tura l a t tachment between the S-II and the RNS at the station 2519 
interface plane is accomplished by a c i rcumferent ia l pat tern of 256 high-
strength bolts. The instal lat ion of the bolts and physical cha rac t e r i s t i c s of 
the mating ring f r ames a r e shown in section H. 

A major sys tem interface which exis ts between the S-II and RNS 
occurs at the RNS adapter flight separat ion plane and is i l lus t ra ted in 
sect ions K, B, and view J. This interface consis ts of eight e lec t r i ca l 
quick-d isconnects in tegrated into a panel assembly shown in section B and 
view J. This sys tem is basical ly s imi la r to that which exis ts between the 
S-IVB and S-II s tages . 

Detail F i l l u s t r a t e s a typical section of the S-II forward skir t s t ruc t ­
ure which cons is t s of an outer sk i r t stiffened by forward hat sections and 
c i rcumferen t ia l f r a m e s . A typical physical location of one of the guide 
pin recep tac le fittings is shown. 

The r ep re sen t a t i ve s t ruc tu r a l detai ls of the RNS adapter a r e shown 
in detail E. This s t ruc tu re cons is t s of an outer skin with integrally 
stiffened s t r i n g e r s , and c i rcumferen t i a l f r ames . Dimensional details of 
the bracket which posi t ions the indexing guide pin a r e also shown. 
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9.0 DESIGN CRITERIA AND CONSTRAINTS 

INTRODUCTION 

The design c r i t e r i a and cons t ra in ts were assembled and derived based upon 
miss ion operat ions , environment to which the nuclear stage would be 
exposed, its in terfaces with the Ear th launch vehicle, const ra ints imposed 
by faci l i t ies , design a s su rance , and safety cons idera t ions . The study 
effort on Reusable Nuclear Shuttle concentrated on the lunar shuttle and the 
synchronous orbit shuttle mi s s ions . 

The c r i t e r i a and const ra in ts were divided into eight ca tegor ies : (1) Mission 
Operat ions , (2) Environment, (3) In ter faces , (4) Fac i l i t i es , (5) Fabricat ion 
and Mate r i a l s , (6) Transpor ta t ion and Storage, (7) Safety and (8) St ruc ture . 

Cer ta in documents a re r e f e r r ed to where data a r e so voluminous that it is 
not p rac t i ca l to include in this r epo r t . Data frequently used in design or 
analysis of the RNS were extracted from source documentation for ready 
re fe rence . 

MISSION OPERATIONS 

The RNS mus t be capable of performing in te rorb i ta l t ransfe rs and unmanned 
planetary injection miss ions in accordance with the guidelines of Reference 
9. 1- The RNS will ul t imately be used for manned planetary miss ions . 
In terorbi t t ransfer miss ions will be compr ised of shuttles between low 
Ear th orbit and lunar or synchronous orbit . Ret r ieval of the RNA will be 
accomplished on the p lane tary injection miss ion unless the RNS has 
reached its end-of-life span. The lifetime design goal for the RNS will 
be three yea r s in space with the capability for maintenance in Ear th 
orbit. In-orbi t maintenance and propel lant refueling will be accomplished 
only at the RNS operat ions orbit defined as 260 n mi c i rcu la r at an inclination 
of 31. 5 deg rees . The stage will be checked out in the RNS operations orbit 
p r io r to each miss ion . 

The RNS mus t be capable of performing both manned and unmanned shuttle 
mi s s ions . Stay time in lunar or synchronous orbit will not exceed 30 days; 
however, the RNS cycle t ime can extend to 54. 6 days taking into account 
t rans i t and turnaround t ime. 
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-•' The m i n i m u m p e r f o r m a n c e of the RNS for the L u n a r Shut t le M i s s i o n 

u t i l i z i ng the o r b i t a l s t a r t m o d e i s TBD pounds d e l i v e r e d to l u n a r o r b i t 

w i th 20, 000 pound p a y l o a d r e t u r n e d to E a r t h o r b i t . 

** The m i n i m u m p e r f o r m a n c e of the RNS for the S y n c h r o n o u s O r b i t 
Shut t l e M i s s i o n i s TBD pounds d e l i v e r e d to s y n c h r o n o u s o r b i t and 20, 000 
pound p a y l o a d r e t u r n e d to low E a r t h o r b i t (270 n m i ) . 

G u i d e l i n e s for the Manned P l a n e t a r y M i s s i o n S p a c e c r a f t for the oppos i t i on 
c l a s s w i th a Venus swingby and the con junc t ion c l a s s M a r s m i s s i o n s a r e 
s u m m a r i z e d b e l o w : 

(4) (5) 

O p p o s i t i o n C l a s s Conjunc t ion C l a s s 

P l a n e t a r y M i s s i o n M o d u l e ' ' 145, 000 lb 170, 000 lb 

M a n n e d M a r s E x c u r s i o n Module 1 0 0 , 0 0 0 2 0 0 , 0 0 0 
(2) 

P r o b e s a t : M a r s ^ ' 3 0 , 0 0 0 3 0 , 0 0 0 
Venus 6 , 0 0 0 

(2) 
M E M & P r o b e C o m p a r t m e n t 5 ,500 1 1 , 5 0 0 

(3) O v e r b o a r d E x p e n d a b l e R a t e 13 l b / d a y 13 l b / d a y 

N o t e s : 
(1) P M M is r e t a i n e d t h r o u g h o u t the m i s s i o n 
(2) J e t t i s o n e d a t M a r s 
(3) I n c l u d e s a t t i t ude c o n t r o l , a t m o s p h e r i c l e a k s , e t c . 
(4) 560 day m i s s i o n 
(5) 1040 day m i s s i o n 
(6) Two M E M ' s a r e i n c l u d e d for con junc t ion c l a s s m i s s i o n s 
The g e n e r a l w e i g h t v a r i a t i o n for the P M M i s d e t e r n a i n e d by: 

P M M = 117, 292 + 50. 73 T 
w h e r e T i s to ta l m i s s i o n d u r a t i o n . 

* M i n i m u m l u n a r m i s s i o n p e r f o r m a n c e in P h a s e I ( R e f e r e n c e 9*2) ^61*6 
iden t i f i ed a s : 

1. 119, 000 pounds d e l i v e r e d to l u n a r o r b i t w i th z e r o pay load r e t u r n . 
2. 44, 000 pounds d e l i v e r e d to l u n a r o r b i t and 44, 000 pounds r e t u r n e d to 

E a r t h o r b i t . 
3. Z e r o p a y l o a d d e l i v e r e d to l u n a r o r b i t and 69 , 000 pounds r e t u r n e d to 

E a r t h o r b i t . 
*>;< M i n i m u m s y n c h r o n o u s o r b i t s h u t t l e p e r f o r m a n c e in P h a s e I w e r e iden t i f i ed 

a s : 
1. 102, 000 pounds d e l i v e r e d to s y n c h r o n o u s o r b i t and z e r o p a y l o a d r e t u r n e d 

to low E a r t h o r b i t . 
2. 38, 000 pounds d e l i v e r e d to s y n c h r o n o u s o rb i t and 38, 000 pounds r e t u r n e d 

to low E a r t h o r b i t . 
3. Z e r o pounds d e l i v e r e d to s y n c h r o n o u s E a r t h o r b i t and 60, 000 pounds 

r e t u r n e d to low E a r t h o r b i t . g 2 
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Orbiting Lunar Station (OLS) will have a 60 n mi c i rcu la r orbit inclined 
90 degrees to the equator. The maximum RNS stay time in lunar orbit 
will not exceed th i r ty days. A safe separa t ion distance in same orbit will 
be maintained between the RNS and the OLS. A Space Tug will t ransfer 
payload modules between the RNS and orbiting station. When extended 
stay t imes in lunar orbi t a r e requi red , the RNS may be maneuvered to a 
point in orbit where min imum RNS attitude controls a re requi red from a 
radiat ion dose to OLS crew standpoint. A safe distance will be maintained 
between the RNS and OLS during rendezvous and depar ture (10 n mi orbit 
separat ion, i. e. , 60, and 70 n mi orbi ts) . 

The Geosynchronous Orbit Station (GOS) will be located in a geosynchronous 
orbit . Maximum RNS stay time in synchronous orbit will not exceed thirty 
days. A safe separa t ion (in same orbit) will be maintained between the 
RNS and the GOS. Payload t ransfer between RNS and GOS will be 
accomplished with a Space Tug. A safe dis tance will be maintained 
between the RNS and GOS during rendezvous and depar ture (10 n mi orbit 
differential). 

A number of shuttle miss ions a r e specified as unmanned miss ions which 
necess i t a t es the incorporat ion of automatic rendezvous and docking 
capability in the RNS design. The min imum separat ion distance (in same 
orbit) for the OLS or GOS is TBD n mi and the RNS must be capable of 
rendezvous to this position and hold until payload t ransfer is accomplished 
by Space Tug. The automatic rendezvous is required at the Propel lant 
Depot (PD) as well; however, docking the RNS to the PD may be accomplished 
by tug and /o r PD crew through RF link with the RNS. 

At the p resen t t ime, the RNS is s tar ted only after being injected into 
orbit by an INT-21 launch vehicle. The INT-21 with J-2 engines has the 
capability to launch approximately 26 5, 000 pounds to a 100 n mi orbit with 
a 30-degree inclination or 190, 000 pounds to 260 n mi orbit with a 
30-degree inclination as indicated in Reference 9. 3. RNS operat ional in t e r ­
faces for lunar shuttle, synchronous orbit shuttle, and injection miss ions 
a re i l lus t ra ted in F igure 9-1. 

Initial use of the RNS is r e s t r i c t ed to single module applications to 
shuttle and injection mis s ions . A design objective of the RNS is the ability 
to evolve into a design which pe rmi t s multiple RNS module application to 
advanced manned p lanetary naissions. In this instance, miss ion duration 
of two y e a r s and longer, no expendables replenishment can be anticipated 
for the module utilized on the r e tu rn leg from the planetary miss ion. 

Tye 60-cycle limit (set by Reference 9.4) of NERVA engine operat ion at full 
ra ted conditions mus t be taken into considerat ion when developing the 
traffic model since engine burns can vary from four to nine, depending on 
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miss ion being flown. The end-of-life burn for spent stage disposal is also 
to be included to stay within the 60-cycle l imit . Disposal of a spent RNS 
will be made to a safe long life Ear th orbit or a hel iocentr ic orbit. Only 
in the case of emergenc ies will d isposal in deep ocean wate rs be considered. 

The study guideline es tabl i shes c r i t e r i a the RNS stage must adhere to, and 
a r e identified in the following discussion. The RNS configuration is a 
33-foot d iameter "single tank" configuration that is launched integral ly to 
orbit by a Saturn V INT-21 vehicle . Basel ine RNS configuration shown in F i g ­
u r e 9-2 will r equ i re the use of the Space Shuttle as well a s the INT-21 
launch vehicle to launch the RNS to the operat ions orbit. The RNS 
propel lant tank will be launched by the INT-21 launch vehicle and the 
propulsion module (NERVA engine plus auxil iary tank or NERVA engine 
alone) will be launched by the Space Shuttle. The layout of the selected 
basel ine configuration shows the general a r r angemen t of the vehicle. The 
single cell tank of 33-foot cyl indr ical d iameter and 8-degree half cone 
angle /25- inch cap radius aft bulkhead is 1827 inches long and accommodates 
300, 000 lbs of propel lant with 5% ullage. Extension sk i r t s a re added to 
the forward and aft ends of the cyl indrical portion for at tachments of launch 
vehicle /payload and aerodynamic shroud, respect ively . A thrust s t ruc ture , 
a lso in the form of a skir t , is provided at the end of the aft bulkhead to 
accommodate the engine instal lat ion. An active neuter docking sys tem and 
supporting cone s t ruc tu re a re incorporated in the forward ski r t for stage 
docking to a propel lant depot or s imi lar facility and for payload module 
connection. An annular as t r ion ics bay for instal lat ion of the stage 
auxi l iary subsys tems is also integrated into the forward ski r t s t ruc tu re . 
Another active neuter docking sys tem is built into the thrust s t ruc ture to 
facili tate orbi ta l instal lat ion of the engine as well as orbi ta l handling of the 
stage and the NERVA engine for removal and disposal operat ions . The 
pass ive assembly of the neuter dock is at tached to the engine forward thrust 
plate and the active a s sembly is attached to the stage thrust s t ruc tu re . 
The tank is compar tmented by three perfora ted capi l lary b a r r i e r s and a 
bottonn sc reen to facili tate propel lant location management . 

Initial design concepts will ref lect a 1974 s t a t e -o f - the -a r t with considerat ion 
given to la ter incorporat ion of more advanced technology. All vers ions of 
the RNS will be man rated; i. e. , they will mee t all s t ruc tura l , ma t e r i a l s , 
and quality s tandards requi red for manned application. Provis ions will 
be made in the RNS for manual overr ide control by the manned payloads 
on manned shuttle mi s s ions . 

Design c r i t e r i a generated by orbi tal operat ions a re covered in the following 
discussion. Logist ics operat ions p r io r to embarking on a shuttle run 
include prepara t ion of the stage (post boost) after ini t ial injection to orbit, 
per formance of maintenance operat ions , loading of propel lants , matine of 
payload to RNS and, finally, checking s tage/payload after mat ing. RNS designs 
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m u s t p r o v i d e for r e m o v a l of sa fe ty d e v i c e s and s h r o u n d s r e q u i r e d for 
b o o s t to o r b i t . A s s e m b l y and m a i n t e n a n c e o p e r a t i o n s w i l l r e q u i r e the u s e 
of Tug w i t h m a n i p u l a t o r s a n d / o r l i m i t e d e x t r a v e h i c u l a r a c t i v i t i e s (EVA). 
In o r d e r to a c c o m p l i s h the 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 func t ions , 
s y s t e m e l e m e n t s or a s s e m b l i e s shou ld be p a c k a g e d to f ac i l i t a t e r e m o v a l and 
r e p l a c e m e n t by e i t h e r r e m o t e m a n i p u l a t o r s or s e r v i c e c r e w faced wi th the 
o p e r a t i o n a l c o n s t r a i n t s of s p a c e e n v i r o n m e n t . F l i g h t R e p l a c e a b l e Units 
(FRU) should be m a d e a c c e s s i b l e s u c h tha t r e m o v a l of one F R U does not 
f i r s t r e q u i r e the r e m o v a l of a n o t h e r F R U . Since r e m o v a l and r e p l a c e m e n t 
a c t i v i t i e s wi l l be a c c o m p l i s h e d in the z e r o " g " e n v i r o n m e n t , p r o v i s i o n s 
wi l l be m a d e for p u r c h a s e or a n c h o r po in t s for p e r s o n n e l or m a n i p u l a t o r 
p e r f o r m i n g the r e m o v a l and r e p l a c e m e n t o p e r a t i o n . The F R U ' s a r e to be 
d e s i g n e d w i th r e l e a s e and locking m e c h a n i s m s to be c o m p a t i b l e wi th the 
l ina i t a t ions of r e m o t e m a n i p u l a t o r s . 

P r e l i m i n a r y m a i n t a i n a b i l i t y d e s i g n c r i t e r i a to be u t i l i zed on the RNS is 
l i s t e d be low. 

1. S u b s y s t e m or c o m p o n e n t f a i l u r e s h a l l not p r o p a g a t e s e q u e n t i a l l y ; 
e q u i p m e n t sha l l be d e s i g n e d to 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 / f a i l sa fe . 
( R e c e n t s t u d i e s i n d i c a t e fai l o p e r a t i o n a l / f a i l safe m a y be a d e q u a t e . ) 

2. High e n e r g y r e l e a s e e q u i p m e n t , such as p r e s s u r i z e d t a n k s , p r o p e l l a n t s , 
e t c . , s h a l l be l o c a t e d or p r o t e c t e d so that a f a i l u r e of one wi l l not 
p r o p a g a t e to o t h e r s or c a u s e c a t a s t r o p h i c d a m a g e . 

3. R e p l a c e a b l e uni t d e s i g n s h a l l p e r m i t d i r e c t v i s u a l and p h y s i c a l a c c e s s 
wi th c o n n e c t o r s and coup l ings for e a s e of r e m o v a l / r e p l a c e m e n t . The 
r e q u i r e m e n t for p r e c i s i o n a s s e m b l y of e l e m e n t s s h a l l be avoided w h e r e 
p o s s i b l e and, w h e r e n e c e s s a r y , be p r o v i d e d wi th su i t ab l e guides and 
lock ing d e v i c e s to a id in r e p l a c e m e n t . A m i n i m u m of tool and p a r t i c u l a r l y 
s p e c i a l tool r e q u i r e m e n t s s h a l l be a goal in d e s i g n i n g / s e l e c t i n g i n t e r ­
f aces for r e p l a c e a b l e u n i t s . 

4. F o r t hose m a l f u n c t i o n s a n d / o r h a z a r d s wh ich m a y r e s u l t in t i m e - c r i t i c a l 
e m e r g e n c i e s , p r o v i s i o n s h a l l be m a d e for the a u t o m a t i c swi tch ing to 
o p e r a t i o n / s a f e m o d e . 

5. W h e r e f e a s i b l e , e l e c t r i c a l e q u i p m e n t s h a l l be d e s i g n e d to be e l e c t r i c a l l y 
i s o l a t e d by i n t e r l o c k i n g s w i t c h e s or e q u i v a l e n t b e f o r e p h y s i c a l a c c e s s 
to e x p o s e d h a z a r d o u s c o n n e c t i o n s and c o m p a r t m e n t s i s p o s s i b l e . 

6. W h e r e p o s s i b l e , e l e c t r i c a l and e l e c t r o n i c s p a c e c r a f t d e v i c e s sha l l 
i n c o r p o r a t e p r o t e c t i o n a g a i n s t r e v e r s e p o l a r i t y a n d / o r o the r c r e d i t a b l e 
i m p r o p e r e l e c t r i c a l inputs d u r i n g qua l i f i ca t ion , a c c e p t a n c e , and checkou t 
t e s t s , if s u c h inpu t s could c a u s e nn i s s ion s ign i f i can t d a m a g e to the d e v i c e s 
tha t would not be i m m e d i a t e l y and u n m i s t a k a b l y a p p a r e n t . 
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7. Servicing and tes t p a r t s , not requ i red to function in orbit , shall be 
designed to preclude leakage in orbit by reinoving or capping immedia te ly 
after final ground u s e . 

8. All sys t ems shall be provided with adequate deactivation and monitoring 
capabili ty to verify deactivat ion is sufficient to prevent pe r sona l injury or 
equipment damage during maintenance activity (i. e. , p r e s s u r e down, 
voltage off, mixture noncombustible, e tc . ). 

9- Quick disconnects with se l f -sea l ing capabil i t ies shall be considered for 
all fluid sys tems components suscept ible to replacement , to facil i tate 
credible on-line rep lacement and to prevent contamination. 

10. Design shall provide for isolation of anomalies such that a faulty sub­
sys tem or rep laceable unit may be deactivated ei ther automatical ly or 
without disrupting its own or other subsys tems . 

11. Dead facing techniques shall be employed wherever poss ible , pa r t i cu la r ly 
in essen t i a l sys tems to pe rmi t requi red maintenance effort without 
subsys tem shutdown. 

12. Automatic on-board checkout and status monitoring capability shall 
include appropr ia te t r ansduce r s and e lec t r i ca l , mechanical , pneumatic 
and hydraul ic sys tems for per formance verification and malfunction 
detection to the lowest level rep laceable unit. 

13. Limited life components shall be located so they a r e pa r t i cu la r ly 
access ib le for easy rep lacement and r e t e s t . 

14. Nons t ruc tura l replaceable units shall not include any portion of the 
vehic le ' s in tegral s t ruc tu re , nor requ i re any removal or d is turbance 
of this in tegra l s t ruc tu re . 

15. Commonality should be emphasized in the select ion of power supplies 
and connectors . 

16. Provide d i rec t a cces s to modules to be removed and replaced without 
removing other modules or ha rdware . 

17. The rma l insulation should be designed and instal led in panels that can 
be r emoved / r ep l aced , with min imum tempera tu re bonding r equ i r emen t s . 

18. Cer ta in s t ruc tu ra l or mechanica l instal la t ions mus t be ins t rumented 
for Non-Dest ruct ive Testing (NDT) when visibi l i ty and /o r access ib i l i ty ; 
is r e s t r i c t e d . Methods of NDTinclude fiber optics, u l t rasonic and 
p i ezo -e l ec t r i c coating. Same readouts may be a pa r t of On-Board 
Checkout (OBCO). 
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19. The on-board checkout assembly shall be capable of checking out the 
operat ion of a subsys tem following maintenance without inducing failures 
leading to hazardous situations if the maintenance action has been 
incor rec t ly per formed or the subsys tem malfunctions in a credible 
manne r . 

20. In ter locks , automatic valves , or other means of ready isolation shall 
be provided for liquid and gas sys t ems to preclude inadvertent leakage 
during maintenance efforts. 

21 . Design equipment and components which a re subject to maintenance to 
prec lude improper instal lat ion or connection. 

22. Design to r equ i r e the min imum personnel skills and training needed to 
develop adequate maintenance proficiency. 

The RNS will r equ i re on-board checkout equipment to meet the autonomous 
r equ i r emen t of having the as t r ion ics sys tem independent of the payload and 
performing a final automatic checkout of the vehicle after the payload is 
mated to the s tage. In order to support the orbital maintenance operation, 
the on-board checkout equipment must detect malfunctions and isolate any 
fault to the FRU. Malfunction detection is not r e s t r i c t ed only to the check­
out in RNS operat ions orbit, but will be requi red throughout the ent i re miss ion . 
A final automatic checkout of the RNS/payload will be made in operations 
orbit p r io r to each naission. 

P r e l i m i n a r y c r i t e r i a to be util ized in developing on-board checkout sys tem 
(OBCO) concepts a r e l isted below: 

1. Checkout of the RNS stage will be accomplished in the 260 n mi 
c i r cu l a r operat ions orbit while docked to the maintenance element 
and again after the RNS is separa ted from the maintenance element and 
mated to the payload. 

2. RNS stage sys tem operat ional status will be verified p r io r to departing 
lunar or synchronous orbit . 

3. On-board automatic checkout will pe r fo rm qualitative checkout (GO, 
NO-GO) used with p rede te rmined p a r a m e t r i c l imi t s . 

4. The OBCO will have self-check capabili ty. 

5. Operat ional signals r a the r than special s t imuli will be used for 
checkout whenever poss ib le . 
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6. Where a FRU cannot be operated during checkout because of operational 
or safety cons t ra in t s , the OBCO will have the capability of checking 
it to the lowest possible level without actuating the output. 

7. All redundant paths will be verif ied where redundancy is used in ternal 
to a FRU. 

8. The OBCO will provide the means of recording malfunction detection 
data to a s s i s t in failure analysis at the naost opportune time in the 
miss ion . 

9- Malfunction isolation will be c a r r i e d to the FRU level only. 

10. The OBCO will provide checkout capabili ty which is independent of 
ground part ic ipat ion. 

11. Trend data analysis for fai lure predict ion may be accomplished by 
support faci l i t ies , i. e. , ground or orbiting space s t a t ion /base . 

12. Provide radio frequency (RF) and d i rec t link for initiating checkout and 
t ransmit t ing checkout data to the space p r o g r a m element initiating 
the checkout. 

Payloads , LH2 propel lants , and nnaintenance supplies for the RNS will be 
del ivered by the logist ics vehicle and assembled in the RNS operat ions orbit . 
The cargo bay of the Space Shuttle will be sized to have a c lear volume of 
15-foot d iamete r by 60-foot length. FRU s izes will be constra ined by these 
d imens ions . The round t r ip Space Shuttle payload capability was obtained 
from Reference 9 .1 . A payload of approximately 33, 000 pounds can be 
del ivered to the RNS operat ions orbi t or approximately 44, 000 pounds to the 
100 n mi orbit inclined at 31. 5°. In the la t ter case , a Tug would be 
requ i red for t ransfer of the payload, brought up by the Space Shuttle, 
f rom the 100 n mi orbit to the RNS operat ions orbit . 

ENVIRONMENT 

T e r r e s t r i a l Cl imatic 

NASA TMX-53872, " T e r r e s t r i a l Environment (Climatic) C r i t e r i a Guide­
l ines for Use in Space Vehicle Development, " 1969 revis ion, (Reference 
9. 5) shall be used as the model for c l imat ic conditions the RNS will be 
exposed to at the var ious fabrication, test , and launch locat ions . The stage 
shall be designed to withstand these environments during test at the test 
s i t es and during launch from KSC. Pro tec t ive equipment shall be provided 
for the RNS during t ranspor ta t ion and s torage to pro tec t it f rom environ­
menta l conditions in which it was not intended to opera te . 
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Figu re 9-3 identifies the main geographica l a r eas covered in the NASA 
TMX-53872 document. 

Space Environment 

NASA TMX-53957, "Space Environmental Cr i t e r i a Guidelines for Use in 
Space Vehicle Development, " dated September 1969 and NASA TMX-53865, 
"Natural Environment Cr i t e r i a for the NASA Space Station" {Reference 
9. 6 and 9. 7) shall be uti l ized as the environmental model for in terplanetary 
space, t e r r e s t r i a l space, c is lunar space, lunar, and planetary environments . 
Subject ma t t e r covered in the document include the following: definition 
of a r e a of influence, nneteoroid environment, radiation environment (solar 
high energy par t ic le) has p r o p e r t i e s , radiat ion ( thermal) , magnetic field, 
wind r e g i m e s , ionosphere , solar par t ic le prediction, and gravitat ional 
data. 

Induced Environments 

In addition to the na tura l environments d iscussed in the preceding pa ragraphs , 
the RNS will be subjected to induced environments caused by boost to orbit 
and NERVA engine run. These induced environments will include vibration, 
aerodynamic loading, aerodynamic heating during boost, and nuclear 
radiat ion during and subsequent to the NERVA engine run. 

The na ture and magnitude of induced environments which the RNS will be 
exposed to during boost to orbit can be found in Reference (8). 

Recommended design acce le ra t ion for the NERVA during boost within the 
Space Shuttle Orbi te r cargo bay is 3. 0 g in any direct ion. Acoustic and 
l a t e r a l dynamics a r e TBD. 

The induced radiat ion environment caused by NERVA engine run is miss ion 
dependent. The neutron and gamma radiat ion iso-contour levels a re shown 
in F igure 4. Integrated flux or radiat ion levels may be obtained by 
multiplying the neutron flux densi t ies or gamma ke rma ra tes by engine run 
t ime. 

The after-shutdown gamma ke rma ra te s ( rad-hr~ ) of Ear th orbit inser t ion 
engine burn (EOI) for a r ep resen ta t ive reference miss ion are shown in F i g ­
u re 9 - 5 . The ra tes a r e given at a separat ion distance of 20 feet from the 
NERVA core center with re fe rence to polar angles of orientation, = 0* 
(vert ical ax is , toward direct ion) , for varying after-shutdown decay tinaes of 8 hour s , 
shows the gamma ke rma r a t e s for after-shutdown decay t imes of 8 hours , 
24 hours , 1 week, and 1 month. Ganama k e r m a ra te s for a nominal engine 
operating power level of 1575 mw i l lu s t r a t e s that the dose ra tes a r e reduced 
by about 3. 5 to 4 o rde r s of magnitude during the first 8-hour post-shutdown 
period. Thereaf ter , inc rementa l reduct ions by factors of about 4, 9. and 
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• UNPERTURBED NEUTRON FLUX DENSITIES AND GAMMA KERMA RATES 

Figu re 9 -4 Iso-Dose Contours - RNS Baseline Configuration 
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Figu re 9 -5 After-Shutdown Radiation Environment 
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5 due to na tura l decay a r e evidenced for after-shutdown decay t imes of 
24hours, 1 week, and 1 month, respec t ive ly , as i l lus t ra ted in Figure 9-5 
After-shutdown isodose contours 24 hours after the EOI engine diring a r e 
shown in Figure 9-6 to further demons t ra te a typical after-shutdown radiat ion 
environment in the vicinity of the NERVA engine. As in Figure 9-5 , gamma 
k e r m a r a t e s ( r a d - h r " ) a r e given as a functional separat ion distance in 
feet from the engine core midplace with re fe rence to a polar angle, CX = 0°, 
along the ver t i ca l axis in the forward direct ion. 

F igure 9-6 se rves to i l lus t r a t e that only minor stage maintenance operat ions 
l imited to the 0-15 degree quadrant forward of the engine core midplane 
appear to be feasible without r a the r extensive additional shielding provisions 
up to 24 hours after the las t engine shutdown cycle. This observation is 
predicated on the bas ic c r i t e r ion of a 25 r e m / y e a r allowable dose to maintenance 
personnel from the RNS. For example, any operations involving rendezvous 
maneuvers with a Space Tug for engine removal and/or maintenance will 
r equ i re additional shielding provis ions for protect ion of the crew of the 
Space Tug, as well as r emote handling equipment and manipulative techniques. 

It may be concluded that any contemplated miss ion operations involving a 
near approach to the engine in ei ther the rad ia l or aft direct ions will 
dictate additional fixed shielding r equ i r emen t s . 

INTERFACE 

The basel ine configuration ut i l izes the INT-21 to launch the RNS tank in 
an inverted position, whereas the NERVA will be launched by the Space 
Shuttle as shown in F igure 9. 7. Other interfaces include RNS/ground, 
RNS/payload, RNS/PD and maintenance element . 

RNS/Engine Interface 

The RNS design c r i t e r i a re la ted to the RNS/NERVA engine interface is 
the NERVA Program. Requi rements Document, SNPO-NPRD-1, revis ion 
9 (dated October 29, 1970) and NERVA reference data (full-flow engine) 
dated Apr i l 1970 (Reference 9. 9 and 9- 10). Major NERVA engine 
cha rac t e r i s t i c s which influence the design of the RNS a re listed below. 
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Figu re 9 -6 After-Shutdown Iso-Dose Contours 
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Per fo rmance Requi rements at Rated Conditions 

Rated conditions shall be based on MSFC Spec. 356A (liquid! hydrogen, 
del ivered at the tank outlet [ups t ream of the main propellant shutoff valve 
(PSOV)] at 27. 5 psia, and saturation temperature, containing zero percent 
vapor; with the engine at ze ro ambient p r e s s u r e ; zero gimbal angle; and 
single module (engine) operat ion, utilizing a full-flow cycle to drive the 
turbopump(s) and assuming a contoured nozzle expansion ra t io of 100:1. 
The engine shall be capable of performing as specified below: 

Thrus t 75, 000±2, 000 pounds 
Nominal mixed means chamber inlet t empera tu re s 4-250°R 
Nominal chamber p r e s s u r e 450 psia 
Nominal specific impulse 825 sec 
Minimum specific impulse (TBD) sec 
Engine weight naaximum 27, 800 pounds 

(including in terna l 
shield) 

Externa l Shield weight (manned miss ion) 4050 pounds 

The reac to r design will incorpora te such features as n e c e s s a r y (exclusive 
of fuel e lement features) to allow growth, as shown by analys is , to operat ion 
of 4500°R noiTiinal mixed mean channber t empera tu re for two hours duration 
(1 2 cycles) . 

Endurance at Rated Conditions 

600 minutes at ra ted conditions. The operating time shall be util izable in 
mult iple cycles , up to 60, of varying lengths totaling a min imum of 600 
minutes . This ra ted endurance is not to be construed as the limit of life of 
all components. Rather , the endurance of such components (except fuel 
e lements) shall be g rea t e r than 600 minutes and shall be es tabl ished by 
re l iabi l i ty , maintainabil i ty, per formance , weight, manufacturing, and 
cost cons idera t ions . 

A schennatic d iagram of the full-flow NERVA engine is p resen ted in 
Reference 9. 10. Table 9-1 contains nominal design, steady state points of 
flow, p r e s s u r e , and t empera tu re of propel lant which was obtained from 
Reference 9. 10. P r e l i m i n a r y RNS/engine interface Line s izes a re l is ted 
below: 

Dual turbopump assembly (TPA) 
feed sys tem (nominal propel lant flow ra te 9- 7 in. dia. each 
91 lb / sec ) min imum 

Stage p r e s s u r a n t supply line 2 .25 in. dia. 

Coolant supply line 3 in. dia. 

Engine purge supply 1 in. dia. 
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Table 9-1. Nomiinal State Point Conditions for Typical 
Normal Pe r fo rmance at Star t of Life 

State Point Number 

1. 

6. 

12. 

13. 

20. 

25. 

26. 

33 . 

36. 

37. 

38. 

43 . 

5 1 . 

52. 

56. 

and 
Descript ion 

Tank Outlet (each^ 

Pump Outlet (each) 

Nozzle Manifold Inlet 

Nozzle Outlet 

Dome Baffle Outlet 
(TIL at P r e s s u r e Dome^ 

Turbine Inlet 

Turbine Outlet 

Centra l Shield Fwd 
Inlet 

Core Inlet 

PV Thrus t Chamber 
Plenum 

Turbine Bypass 
Module Inlet 

Turbine Bypass 
Module Outlet 

Stem Coolant Line at 
PV Dome 

Stem Outlet 

S t ruc tura l Support Bypass 
Inlet at PV Dome 

Normal Design Point (100% Thrust) 
(Pc = 450, Tc=4250) 

Flow, l b / s e c 

45. 95 

45. 7 

83. 1 

83. 1 

91. 4 

40. 2 

40. 45 

91. 4 

91. 4 

91 .4 

11. 0 

11. 0 

5. 3 

5. 3 

3 . 0 

P r e s s u r e , psia 

30 

1329 

1290 

1122 

1018 

984 

705 

652.7 

624 

450 

1001 

700 

1078 

1052 

1315 

Tempera tu re , °R 

40 

59. 9 

60. 0 

185.0 

272 

272 

247 

253 

263 

4250 

272 

272 

60. 1 

896 

60 
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Figure 9-8 s u m m a r i z e s the data to be used in RNS perfor inance calcula t ions . 
The solid curves ref lect ANSC data where specific impulse , flow ra t e , and 
thrus t a r e averaged over the engine operating phases of s tar tup, steady 
s ta te , and shutdown. The dashed curves a r e analytic best fits and 
extrapolat ions made to facil i tate computer coding and to br idge the region 
between full power and available data on pa r t power operation. For impulse 
propel lant of less than 1, 000 pounds, par t power operation is assumed at a 
specific impulse of 500 seconds and a thrust of 1, 000 pounds. Note that 
for LOI or TEI plane changes the effective Ig will be general ly between 
500 and 750 seconds. 

There is l i t t le difference between the use of the react ion control sys tem or 
the use of the NERVA engine at low power in making midcourse co r r ec t i ons . 
The NERVA engine will be util ized for making midcourse cor rec t ions which 
will be reflected in RNS operat ions and designs . 

NERVA Engine/Space Shuttle Interface 

A mechanica l interface between the NERVA engine and Space Shuttle 
will identify the requ i red propulsion module at tach points . Functional 
r equ i remen t s will identify conditioning, control, monitor and manipulative 
r equ i r emen t s assoc ia ted with boost and orbi ta l a ssembly . 

RNS/Launch Vehicle (INT-21) Interface 

The basel ine reference point for functional, physical and e lec t r i ca l 
interface between S-II and RNS will be NASA documents 13M07001, "S-II 
to S-IVB Stage Phys ica l Requ i rements , " and 40M30593, "Definition of 
Saturn V Vehicle S-II/S-IVB E lec t r i ca l Interface. " Data in these documents 
will be utilized as design c r i t e r i a as applicable to the INT-21 launch vehicle 
and RNS. ICD's developed during the study for the RNS Launch Vehicle 
Interface a r e located in Appendices A and B of volume III of Reference 9- H -
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RNS ^Ground 

Ground s u p p o r t e q u i p m e n t and f a c i l i t i e s a r e d e s i g n e d to m e e t the r e q u i r e ­
m e n t s of the s t a g e . Ground o p e r a t i o n s c r i t e r i a v.'hici. will inf luence 
d e s i g n of the RNS a r e : 

1 . P r o v i s i o n s for hand l ing the s t a g e d u r i n g f a b r i c a t i o n , t r a n s p o r t a t i o n , 
t e s t , and a s s e m b l y on the l aunch v e h i c l e . Suffir jent h a r d po in t s m u s t 
b e p r o v i d e d to a t t a c h h a n d l i n g , s e r v i c i n g , anc, a u x i l i a r y e q u i p m e n t to 
a c c o m p l i s h the above m e n t i o n e d o p e r a t i o n s . 

2. P r o v i s i o n s m u s t be m a d e for t ank a c c e s s for i n s p e c t i o n and m a i n t e n a n c e 
a s we l l a s a c c e s s to f o r w a r d and aft a r e a s when m a t e d wi th the l aunch 
v e h i c l e on the l a u n c h e r t r a n s p o r t e r . 

". P r o v i s i o n s m u s t be m a d e to p e r m i t nna in tenance of a p o s i t i v e tank 
p r e s s u r e a f t e r tank c l o s e o u t , d u r i n g s t age t r a n s p o r t a t i o n and checkou t 
a n d / o r s e r v i c i n g o p e r a t i o n to p r e v e n t tank c o l l a p s e as a r e s u l t of p r e s s u r e 
change r e s u l t i n g f r o m t e m p e r a t u r e c h a n g e . 

4. P r o v i d e for c h e c k o u t and s e r v i c i n g of RNS s u b s y s t e m s at the f a b r i c a t i o n 
s i t e , a c c e p t a n c e t e s t s i t e , and l a u n c h s i t e . 

R N S / P a y l o a d I n t e r f a c e 

No spec i f i c p a y l o a d h a s b e e n def ined by the c u s t o m e r for the RNS. M i s s i o n 
g u i d e l i n e s have iden t i f i ed the types of m i s s i o n to be flown and the shu t t l e 
m i s s i o n pay load we igh t r a n g e but not the pay load g e o m e t r y . 

The fol lowing g u i d e l i n e s h a v e b e e n e s t a b l i s h e d w h i c h wi l l have an in f luence 
on the R N S / p a y l o a d a n d / o r P D i n t e r f a c e ; 

1. Re fue l ing of the RNS w i l l be a c c o m p l i s h e d a t the P D u n d e r P D c o n t r o l 
w i t h nna in t enance be ing a c c o m p l i s h e d by m a i n t e n a n c e e l e m e n t . 

2. The P D p r o v i d e a t t i t ude c o n t r o l and e l e c t r i c a l p o w e r for the RNS whi l e 
the RNS is docked to i t . 

3 . The RNS a s t r i o n i c s w i l l be i n d e p e n d e n t of p a y l o a d . It m a y p r o v i d e b a c k u p 
for the I N T - 2 1 l aunch v e h i c l e a s t r i o n i c s uni t d u r i n g E a r t h l aunch . 
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4. For manned operat ions , man will have overr ide capability for vehicle 
control . 

5. RNS will be checked out p r io r to each miss ion . 

6. Payloads for the RNS miss ions will be del ivered to and assembled at 
the Space Sta t ion/base . 

7. The Space Tug may t ransfer the payloads between the RNS and the Space 
Sta t ion/base . 

8. The RNS will undock from the PD and maintain attitude control while the 
Space Tug rendezvous and docks the miss ion payloads. 

9. Final automatic checkout of the RNS occurs after vehicle payload docking. 

Payloads identified in the Nuclear Flight System Definition, Potential 
Flight Tes t s , and Ear ly Operat ional Payloads Study contract NAS8-24975 
have d iamete r s of 260 inches and 396 inches . In-house studies on a lunar 
orbiting Space Station have identified payloads of 260 inches in d iameter . 
Representa t ive payloads the RNS will del iver to lunar orbit or inject on 
planetary miss ions a r e shown in the section on ICD's of Reference 9.11. 
A represen ta t ive advanced nnanned p lanetary miss ion payload is also i l lus t ra ted 
there . 

FACILITIES 

Seal Beach 

Overal l building heights and building door openings a r e the major const ra ints 
the Seal Beach fabrication site would have on the size of the RNS. P r e s e n t 
capability and configurations of the Ver t ica l Assembly Building a re shown in 
Table 9-2 and F igure 9-9. Table 9-3 and Figure 9-10 define the checkout building 
capabi l i t ies . If RNS sizing is such that it exceeds the existing facilities 
capabi l i t ies , this configuration will be used as a point of depar ture for 
determining modifications requ i red to accommodate the RNS. 

Launch Complex 39 

VAB High Bay 

The door height of the VAB is 456 feet above ground level. The base 
platform launch umbil ical tower is 25 feet thick. The pedestal height upon 
which the LUT base platform r e s t s is 22 feet. The crawler t r anspor te r which 
t r anspor t s the LUT and launch vehicle from the VAB to the launch pad has an 
adjustable height of 20 to 26 feet. With the LUT res t ing on the pedestal , the 
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Table 9-2. Vert ical Assembly Hydrotes t Building 

Item 

BRIDGE CRANES 

Station 1 

Station II 

Station III 

Station IV 

Station V 

Station VI 

Station IV 
Roof 

Description 

2-ton bridge with one 2-ton hoist with pushbutton control 
from each floor. Hook height 107 ft 3 In. 

2 0-ton bridge with two 10-ton hoists, cab operated, hook 
height 103 ft 3 in. 

2 0-ton bridge with two 10-ton hooks, cab operated, hook 
height 104 ft 11 In . , 5-ton bridge with one hook, cab-
operated, hook height 104 ft (same crane used in Sta. IV). 

20-ton bridge with two 10-ton hoists, hook height 
103 ft 3 in. (same crane used In Station 1). 

20-ton bridge with two 10-ton hooks, hook height 
104 ft 11 In. (same crane used In Station II). 

Two 70-ton bridge with two 35-ton fixed hooks cab-
operated, 110-ft hook height with one 5-ton auxiliary 
hoist, 110-ft hook height each bridge. 

One 50-ton bridge with two 25-ton fixed hooks cab-
operated, hook height 52 ft 2 in. with one 5-ton 
auxiliary hoist, hook height 52 ft 2 in. One 10-ton 
bridge with one 10-ton hoist. 

One 5-ton bridge crane, pendant operated with one control 
station at roof level and one at ground level. Hook height 
145 ft Vertical Tank Entry. 
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Table 9-2. Vertical Assembly Hydrotest Building (Con't) 

Item 

PLATFORMS 

Station 1 

Station II 

Station III 

Station IV 

Station V 

Station VI 

LARGE DOOR 
OPENINGS 

South of 
Stations 1, 
I I , I I I , and 

IV 

Station V 

FLOOR 
LOADINGS 

SUBSTATIONS 

AREA 

BLDG. DIM. 

BLDG. HEIGHT 

Description 

Fixed platforms and hinged platforms at all levels - 16 , 3 2 , 4 8 , 64 , 
and 80 feet. 

Fixed platforms and hinged platforms at all levels - 16 , 3 2 , 48 , 64, 
and 80 feet. 

Fixed platforms at 1 6 , 3 2 , 4 8 , 6 4 , and 80 ft. Hinged platfomis at 
16 , 3 2 , 4 8 , 64 , and 80 ft (as of 3-66). 

Fixed platforms at 16 , 3 2 , 4 8 , 64 , and 80 ft. Hinged platforms 
at 16 , 3 2 , 4 8 , 6 4 , and 80 ft. 

Fixed platforms at 16 , 3 2 , 4 8 , 64 , and 80 ft. 

One moveable platform on front side of station that travels from 
approximately 8 feet to 80 feet. 

Fixed platform around 36-ft diameter opening at 16-ft level. 

100 ft high, 47 ft 6 In. wide. 

119 ft high, 43 ft 6 in. wide, includes guillotine opening. 

Concentrated floor load of 2 000 lb on any 4 sq-ft area with an 
average of 60 lb per sq ft. 

2 at 1500/1725 kva; 12 kv to 480 /277 volts 

109,2 80 sq ft (gross) 

170 x 2 7 0 ft 

12 0 feet 
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Table 9 -3 . Vertical Checkout Building 

Item 

BRIDGE CRANES 

STIFF LEG 
DERRICKS 

1 
1 

LARGE DOOR 
OPENINGS 

Station VIII 

Station IX 

Station VIII 

Station IX 

FLOOR 
LOADINGS 

Plenum Floor 

Stage Area 

SUBSTATIONS 

AREA 

BLDG. DIM. 

Vertical Sta. 

Block House 

BLDG. HEIGHT 

Description 

None 

50-ton 
70-ton 

North door 45 ft wide x 108 ft high 

North door 45 ft wide x 108 ft high 

South door 13 ft 10 in. wide x 20 ft 3 in. high 

South door 13 ft 10 in. wide x 20 ft 3 In. high 

Second floor control room - 200 Ib/sq ft 

150 Ib/sq ft 

1500 kva 
12 kv to 480 /277 volts 

51 ,940 sq ft (gross) 

56 X 132 ft 

44 X 160 ft 

135 ft 
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zero level r e fe rence point is 47 feet above the ground level. Assuming the 
c rawle r t r anspo r t e r mus t be extended to the full 26-foot height to c lear the 
pedesta l , the max imum vehicle height is constrained to 405 feet above the 
ze ro re ference plane. The S-IC stage engines of the Saturn V launch vehicle 
extend 115. 5 inches below the zero re ference plane, therefore, the overal l 
vehicle height may r each 414 feet. 

The maximum height to which the high bay hook can be ra i sed is 462 feet. 
This hook height should be taken into considerat ion when VAB hoisting 
operat ions a r e r equ i red and handling equipment is designed for the high 
bav assembly opera t ions . 

Height of the INT-21 Launch vehicle above station zero reference is 2519 
inches or approximately 210 feet. The distance from the INT-21 interface 
to the door obstruct ion is 195 feet with the crawler t r anspor t e r extended to 
i ts maximum height of 26 feet to c lear the door obstruction which would 
resu l t in an INT-21 payload shor te r than 195 feet. 

F igure 9-11 depicts the VAB high bay dimensional const ra in ts d iscussed above. 

A 175-ton overhead br idge c rane se rves the t ransfer aisle between the high 
bay and low bay a r e a s . Each pair of high bays is served by a 250-ton bridge 
c rane with a hook height of 462 feet. 

Low Bay 

Transfe r a is le door opening is 55 feet wide by 94 feet high. The 175-ton 
br idge crane that s e rves the t ransfe r a is le has a hook height of l66 feet. 
The low bay contains eight stage p repara t ion and checkout cel ls . Five- ton 
monora i l hoist hook height in p repa ra t ion and checkout cel ls is typically 
110 feet 6 inches . Tes t cell ceiling height is 116 feet. Reference 9.12 is 
the source data for the VAB cons t ra in ts d iscussed above. 

Table 9-4 p resen t s existing VAB facility and GSE limitations that will influence 
the RNS configuration that can be accommodated at each of the possible 
operat ional locat ions. The high bay door c learance of 456 feet is the main 
l imitat ion to the length of an RNS that can be assembled in the VAB. The 
length of the RNS is l imited by the height of the mobile launcher (47 feet), 
the S-IC stage (138 feet), and S-II stage (81. 5 feet) for a total height of 265. 5 
feet less 9- 5 feet S-IC engines which extend below the ML platform, or a 
total stack height of <^ 256 feet. Based on the assumption that ten feet of 
c lea rance is n e c e s s a r y to ro l l out the ML with the INT-21/RNS, es tabl ishes 
a total RNS length of 190 feet (including the nose cone of at 25 feet). Assuming 
it is possible to mate the nose cone outside the VAB (by incorporat ing a 
c rane over the high bay door), the RNS length that can be handled •will 
i nc rease to 215 feet outside the VAB or 190 feet (without nose cone) within 
the VAB. 
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Figure 9 -11 Launch Complex 39 VAB High Bay Clearance 

9-30 
SD71-466-3 



Table 9 - 4 . VAB Faci l i ty Limitat ions 

MAJOR ITEMS 

TRANSFER AISLE (FT) 

HEIGHT 
WIDTH 
LENGTH 

BRIDGE CRANE (TONS) 

CRANE HOOK HEIGHT ( F ) 

MAXIMUM DOOR CLEARANCE (FT) 

' CRAWLER TRANSPORTER HEIGHT (FT) 

MAXIMUM INT-21/RNS STACKED (FT) 

S- IC /S- I I STACKED ON MOBILE LAUNCHER 
(FT) 

MAXIMUM RNS CONFIGURATION LENGTH (FT) 

LOW BAY 
AISLE 

210 
92 

715 

175 

166 

94 

160 

LOW BAY 
TEST CELL 

5 

114 

116 

100 

HIGH 
BAY 

525 
92 

715 

250 

462 

456 

47 

409 

209 

190 
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In a l l c a s e s of o p e r a t i o n a l c o n c e p t s , w h e t h e r the e n g i n e - t a n k - i n t e r s t a g e a r e 
m a t e d h o r i z o n t a l l y or v e r t i c a l l y , w i th one p i ece or s e g m e n t e d i n t e r s t a g e , 
the m a x i m u m RNS v e h i c l e tha t can be a c c o m m o d a t e d in the VAB is l i m i t e d 
to 190 fee t . 

The above l i m i t a t i o n s app ly only to s t a g e c o n f i g u r a t i o n s r e q u i r i n g m a i n 
p r o p e l l a n t t a n k / e n g i n e / i n t e r s t a g e m a t i n g on the g r o u n d . F o r t hose c o n f i g u r a t i o n s 
e m p l o y i n g o r b i t a l a s s e m b l y of the o p e r a t i o n a l s y s t e m , the two d i m e n s i o n a l 
l i m i t s a r e l 60 and 190 fee t if a s s e m b l y and checkou t o p e r a t i o n s a r e conduc t ed 
in the low bay a i s l e and h igh bay , r e s p e c t i v e l y . Th i s is a p p r o x i m a t e l y 35 
feet l o n g e r than l aunch ing an a s s e m b l e d e n g i n e - s t a g e - i n t e r s t a g e . It i s to be 
no t ed that in o r d e r to ge t m a x i m u m benef i t of a s t a g e l eng th w h e n s t a g e is 
l a u n c h e d u p s i d e down, the n o s e cone h a s to be m a t e d to the s t a g e b e f o r e 
s t a c k i n g the s t a g e on top of I N T - Z l b o o s t e r . 

F A B R I C A T I O N AND M A T E R I A L S CONSTRAINTS 

F a b r i c a t i o n I m p o s e d C o n s t r a i n t s 

(to be d e t e r m i n e d ) 

M a t e r i a l C o n s t r a i n t s I m p o s e d by R a d i a t i o n 

The r a d i a t i o n d a m a g e ef fec ts on s t r u c t u r a l m e t a l s and a l l o y s , o r g a n i c 
m a t e r i a l s ( p l a s t i c s , a d h e s i v e s , i n s u l a t i o n , l a m i n a t e s , e t c . ), e l e c t r o n i c 
d e v i c e s , s e m i c o n d u c t o r d e v i c e s , and m a t e r i a l s m u s t b e t aken in to c o n s i d e r ­
a t ion for RNS d e s i g n s . 

A p r e l i m i n a r y r a d i a t i o n d a m a g e a s s e s s m e n t of p o s s i b l e n u c l e a r s t a g e 
m a t e r i a l s , c o m p o n e n t s and s u b s y s t e m s w a s c o n d u c t e d in the P h a s e II s tudy 
and da t a g e n e r a t e d a r e d o c u m e n t e d in V o l u m e 3 of R e f e r e n c e 9. H. 

T R A N S P O R T A T I O N AND STORAGE 

T r a n s p o r t a t i o n m o d e s for RNS a r e e s s e n t i a l l y that u t i l i z e d for the S a t u r n 
S-II s t a g e . The t r a n s p o r t e r p a l l e t can be modi f i ed to a c c o m m o d a t e the RNS 
leng th . O v e r l a n d t r a n s p o r t a t i o n wi l l be p r o v i d e d by the Type II s t a g e 
t r a n s p o r t e r and an M - 2 6 p r i m e m o v e r . 

W a t e r t r a n s p o r t a t i o n w i l l be p r o v i d e d by the AKD u t i l i z e d in t r a n s p o r t i n g 
the S a t u r n S-II s t a g e . Tiedo'wn m o d i f i c a t i o n s w i l l be r e q u i r e d to a c c o m m o d a t e 
the l eng th of the RNS. 

S t o r a g e - TBD. 
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SAFE TY 

Recommended Nuclear Flight Stage safety c r i t e r i a has been documented 
in Reference 9.13. This analysis took into account the orbital s t a r t modes 
of operation. Since orbi ta l s t a r t is the mode of operation for the RNS, 
only that design c r i t e r i a applicable to orbi ta l s ta r t is identified for RNS 
design. 

The implicat ions of the safety c r i t e r i a for the RNS design effort a r e given 
as follows in the form of broad design r equ i r emen t s : 

1. Cent ra l poison wi res will be removed after initial EOS rendezvous 
with the RNS. The sys tem which is responsible for removing the 
(ACPWS) poison wi res will be designed to avoid core or nozzle injury 
during removal . 

2. All c ruc ia l subsys tems shall be designed to be "failsafe, " i. e. , in the 
event of a component or e lec t r i ca l sys t em failure, the reac tor will 
automatical ly proceed to a constant power mode or shutdown mode as 
requ i red by the miss ion . 

3. The stage nuclear engine control sys tem shall be sufficiently independent 
and isolated from all of the c i rcu i t s or energy sources to prevent credible 
inadvertent s t a r t or loss of control due to fai lures in other sys tems or 
to spurious e l ec t r i ca l s ignals . 

4. All nuclear engine control sys tems mus t provide para l le l and independent 
signal paths from separa te power sou rce s . 

5. Diagnostic ins t rumenta t ion shall be provided to detect incipient fai lures 
of types identified as crucia l . 

6. Select m a t e r i a l s to reduce probabil i ty of fire, toxicity, cor ros ion and 
e lec t r i ca l shock hazard . 

Safety re la ted design c r i t e r i a and cons t ra in ts identified in NASA's guide­
lines document a r e l is ted below. 

1. RNS will be naan-rated. 

2. All credible single failure naodes or credible combinations of failures 
and e r r o r s which resu l t in loss of crew and passenger s or unacceptable 
r i sk to genera te population groups will be eliminated by design change 
and /o r miss ion modification. 
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3. No single failure or credible combination of fai lures and e r r o r s vs îll 
p revent or prec lude operat ion of the NERVA engine in the emergency mode 

4. Total radiat ion dose from the NERVA engine and plume sources will be 
l imited to 10 r e m per round trip shuttle mission at the tank top. 

5. RNS maintenance personnel will not receive m o r e than 25 r e m per year 
from RNS. 

6. Total integrated radiat ion dose from the RNS to any manned Space Station 
or manned orbi tal sys tem will not exceed 0. 1 r e m during any single 
NERVA engine burn. 

Emergency detection and operat ion of the NERVA engine relat ing to i tem 3 
above a re identified in the following pa rag raphs . 

Maximum effort shall be placed on a design which e l iminates single fai lures 
or credible combinations of e r r o r s and /o r fai lures which endanger the 
completion of the miss ion , the flight crew, the launch crew or the general 
public. 

In the event the planned miss ion must be abandoned the effect of each mode 
of fai lure on engine per formance mus t be minimized so as to make the 
optimum use of remaining propel lant and at the min imum to provide an 
in tegra ted engine per formance of: 

(1) 30, 000 pounds thrust 
(2'' 500 seconds specific impulse 
(3) 10° pound-seconds total impulse including cooldown propellant with the 

total impulse controllable up to a maximum of 1 0 pound-seconds. 

These requirenaents shall be provided by a single engine cycle in the degraded 
s ta te . Operat ion in an emergency mode must be at tainable from all operating 
modes of the engine cycle including all shutdown modes and coast phases . 
If mis s ion abandonment is requ i red during the normal steady state operation 
immedia te r e t r e a t to an emergency mode shall be made . If the malfunction 
occurs during engine modes following the steady state power modes , provision 
shall be made for cooling up to five hours pr ior to enter ing an emergency 
mode. Ramps from the no rma l operat ional modes to an emergency mode 
a re TBD. Shutdown r amps from the emergency mode a r e TBD. Final 
cooling shall preclude engine d i sassembly and, if it can be done at no 
additional r i sk to population, p a s s e n g e r s or crew, p r e s e r v e the engine in 
a r e s t a r t a b l e condition. 
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The requi red total impulse mus t be provided in a sustained emergency 
mode at any of the points above the requ i red minimum and within the 
no rma l operating map . The operat ing point selected after the failure has 
occur red will be de termined by the nature of the failure and the rel iabi l i ty 
of re t rea t ing to and operating at the emergency mode operating point. 

Potent ial failure naodes that would preclude at tainment of these requirenaents 
shall be identified and presen ted to the Government for review with 
justification for retention. 

A contingency Analysis and Planning P r o c e s s shall be continuously conducted 
to ensure that these requ i rements a r e met . 

In addition, the NERVA engine shall incorpora te the following features: 

(1) Means of preventing accidental cr i t ica l i ty during all ground and space 
opera t ions . An ant icr i t ical i ty des t ruc t sys tem shall be provided for 
launch and ascent when launched by an unmanned vehicle . 

(2) Throughout the miss ion means shall be provided for preventing credible 
core vaporization, dis integrat ion or violation of the thrus t / load path 
to the payload. 

(3) Judicious select ion of diagnostic ins t rumentat ion adequate to detect the 
approach of a failure or an event which could injure the crew or damage 
the spacecraf t d i rect ly and provisions to preclude such an event. 

(4) Judicious select ion of diagnostic instrunaentation adequate to detect 
de ter iora t ing situations or incipient fa i lures . 

(5) Ability to overr ide the engine progranamer remotely by the crew and 
ground control , the ability for remote thrust cutdown independent 
of the engine p rog ram. In addition, the engine control sys tem shall 
have the ability to preclude excess ive or damaging deviations from 
p r o g r a m m e d power and r amp r a t e s . 

STRUCTURAL DESIGN CRITERIA ' ' 

General Requirenaents 

The contrac tor shall show by analyses that the p re l imina ry s t ruc tu ra l design 
mee t s the design requ i rement s with sufficient marg in of safety to a s s u r e 
adequate s trength, r igidity, and safety of personnel at all t imes . The stage 
shall be designed to min imize weight and yet r e s i s t all loads and combination 
of loads that may reasonably be expected to occur during all phases of 
fabrication, testing, t ranspor ta t ion , erect ion, checkout, launch, flight, and 
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recovery . The design c r i t e r i a shall be furnished by MSFC (Reference 9.14) 
C r i t e r i a or iginated by the cont rac tor may be used after obtaining 
MSFC approval . Methods of analys is , m a t e r i a l al lowables, and formulas 
shall be adequately re ferenced to MIL-HDBK-5 or other supplemental 
documents as naay be de termined by MSFC to be acceptable s tandard 
r e f e rences . When used in addition to MIL-HDBK-5, supplemental documents 
shall be in a published form and available to MSFC upon reques t . The 
computer p r o g r a m s utilized mus t be documented and approved by MSFC. 
The m a t e r i a l s t rength min imum guaranteed values shall be used. In 
selecting m a t e r i a l s t rength allowables from naaterials that show no 
pronounced yield point, the yield point shall be the 0. 2 percen t offset value. 
Mate r ia l s t rength allowables shall include all environmental effects to which 
the m a t e r i a l will be exposed from fabrication through flight. For ma te r i a l s 
where the yield point cannot be established, the safety factor against 
u l t imate shall govern. 

Definitions 

The following definitions and ternas shall be used for design and analysis of 
the stage or vehicle and in all documentation to es tabl ish uniforna nomenclature 
with r e spec t to loads, safety fac tors , e t c The factors of safety to be used 
in the design and analysis of the s t ruc tu ra l and propulsion sys tems a r e also 
l isted in this s tandard. 

Limit Load - Limit load is the maximum load calculated to be experienced 
by the s t ruc tu re under the specified conditions of operat ion and includes 
steady stage load, using the appropr ia te accelera t ion , and dynamic load 
due to environment or forcing function. 

Design Load - The design load is the linait load multiplied by the requi red 
nainimum factor of safety. 

Allowable Load - (Stress) - The allowable load or s t r e s s is the maximum 
load or s t r e s s a pa r t i cu la r e lement can be subjected to, as for example: 
if buckling is the design c r i t e r i a , then the allowable load on a column is 
the load which causes buckling. 

Fac tor of Safety - The factor of safety is defined as the ra t io of the allowable 
load or s t r e s s to the l imit load or s t r e s s . 

Margin of Safety - The marg in of safety is the percentage by which the 
allowable load or s t r e s s exceeds the design load or s t r e s s . For example, 
allowable s t r e s s can naean the m a t e r i a l yield s t r e s s , the naaterial ultinaate 
s t r e s s , e tc . 

Operating P r e s s u r e - The operating p r e s s u r e is the nominal p r e s s u r e to 
which the components a r e subjected under steady stage conditions in se rv ice 
opera t ions . 
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Limit P r e s s u r e - The l imit p r e s s u r e is the maximum operating p r e s s u r e or 
the operating p r e s s u r e including the effect of sys tem environment such as 
vehicle acce le ra t ion . For hydraul ic and pneumatic components and a s sembl i e s , 
l imit p r e s s u r e will include the effect of p r e s s u r e t rans ien ts . 

Proof P r e s s u r e - The p r e s s u r e to which every production p r e s s u r e containing 
component is subjected. Unless otherwise approved by the procur ing agency 
the proof p r e s s u r e shall be run at operating t empera tu re s . Every point in 
the test a r t i c l e shall be subjected to at leas t the proof factors specified in 
Fac tor of Safety section below. Where p rac t i ca l the proof p r e s s u r e s shall 
also be used to envelope the conabined effect of external load and internal 
p r e s s u r e . The component shal l not exhibit any deformation det r imenta l to 
operation of the component at the proof p r e s s u r e level. 

Yield P r e s s u r e - A test level as specified in Fac tor of Safety section below 
to which the qualification a r t i c l e of ce r ta in p r e s s u r e containing components 
is subjected. Unless otherwise approved by the procuring agency the yeidl 
p r e s s u r e test shall be run at operating t empera tu re . The component shall 
not exhibit pe rmanent deformations other than res t r a ined local yielding 
p r e s s u r e . 

Ultimate P r e s s u r e - A test level as specified in Factor of Safety section 
below to which at leas t one qualification a r t i c l e of every p r e s s u r e containing 
component is subjected. Unless otherwise approved by the procuring agency 
the ult imate p r e s s u r e test shall be run at operating t empera tu re . The 
component shall not rupture or leak at the ult imate p r e s s u r e level. 

Combined S t r e s s e s - Combined s t r e s s e s a r e s t r e s s e s resul t ing from the 
simultaneous action of all loads and environments . 

Fac tor of Safety 

The following factors of safety a re the min imum to be applied. These factors 
shall be applied to the combined s t r e s s e s with the following exception: 

In c i r cums tances where cer ta in loads have a rel ieving, stabilizing, or o ther -
"wise beneficial effect on s t ruc tu ra l load capability, the minimum expected 
value of such loads shall be used and shall not be multiplied by the factor of 
safety in calculating the design yield or ul t imate load. For exanaple, the 
ul t imate compres s ive load in p r e s s u r i z e d vehicle tankage shall be calculated 
as follows: 

Ultimate Load= Safety Factor x Body Loads-Minimum Expected 
P r e s s u r e Load 

For components or systenas subjected to seve ra l naissions, safety factor 
requirenaents shal l apply to the final miss ion . 
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(1) G e n e r a l Safety F a c t o r s 
M a n n e d V e h i c l e 
Yie ld F a c t o r of Safety 
Ul t inaa te F a c t o r of Safety 
U n m a n n e d Veh ic l e 
Yie ld F a c t o r of Safety 
U l t i m a t e F a c t o r of Safety 

(2) P r o p e l l a n t T a n k s 
M a n n e d V e h i c l e 
P r o o f P r e s s u r e 
Yie ld P r e s s u r e 
Ul t inaate P r e s s u r e 
U n m a n n e d V e h i c l e 
P r o o f P r e s s u r e 
Yie ld P r e s s u r e 
U l t i m a t e P r e s s u r e 

1. 10 
1. 40 

10 
25 

1. 05 X l i m i t p r e s s u r e 
1. 10 
1. 40 

1. 05 X linait p r e s s u r e 
1. 10 
1. 25 

(3) H y d r a u l i c o r p n e u m a t i c s y s t e m s 
F l e x i b l e h o s e , tubing and f i t t ings l e s s than 
1. 5 inch in d i a m e t e r 

P r o o f p r e s s u r e 
B u r s t p r e s s u r e 

F l e x i b l e h o s e , tubing and f i t t ings ( inc luding 
LOX and LH2 vent l i n e s ) 1. 5 i n c h in d i a n a e t e r 
and g r e a t e r 

P r o o f p r e s s u r e 
B u r s t p r e s s u r e 

Gas r e s e r v o i r s 
P r o o f p r e s s u r e 
Yield p r e s s u r e 
B u r s t p r e s s u r e 

(4) A c t u a t i n g c y l i n d e r s , v a l v e s , f i l t e r s , s w i t c h e s 
P r o o f p r e s s u r e 
B u r s t p r e s s u r e 

(5) LHz ^eed l ines 
P r o o f f ac to r of sa fe ty 
Yie ld f a c t o r of sa fe ty 
B u r s t f a c t o r of sa fe ty 

2. 00 X linait p r e s s u r e 
4. 00 X linait p r e s s u r e 

1. 50 X l i m i t p r e s s u r e 
2. 50 X l i m i t p r e s s u r e 

1. 50 X l i m i t p r e s s u r e 
1. 10 X p r e s e n t p r e s s u r e 
2. 00 X l i m i t p r e s s u r e 

1. 50 X l i m i t p r e s s u r e 
2. 50 X l i m i t p r e s s u r e 

1. 05 
1. 10 
1. 40 

No te : The f a c t o r s of sa fe ty of (3), (4), and (5) a r e n e v e r u s e d in c o m b i n a t i o n 
wi th those shown u n d e r (1) and (2). 
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(6) Solid Motor Casings 
Proof P r e s s u r e - 1. 05 x l imit p r e s s u r e 
Yield P r e s s u r e = 1. 20 x l imit p r e s s u r e 

When a p r e s s u r i z e d systena or components subjected to external loads, 
such as a i r loads, ground handling, t ranspor ta t ion , in addition to p r e s s u r e , 
factors of safety given above will be used. That is , the p r e s s u r e ves se l 
thickness is de termined by the use of applicable p r e s s u r e factors and then 
the component is analyzed for the ex terna l loads p r e s s u r e s , and environ­
ments with the genera l safety factor . 

When adequate f racture roughness data and sufficient knowledge of operating 
conditions a r e available to de te rmine the requi red proof p r e s s u r e from 
frac ture mechanics pr inc ip les , the requ i red proof p r e s s u r e may be 
determined from this data and used instead of the safety factors listed 
above. Writ ten approval by MSFC will be required . 

Fatigue Analysis 

All s t ruc tu ra l e lements shall be evaluated for their capability to sustain 
any cyclic load condition which is par t of the design environment . For 
those e lements whose design is controlled by a cyclic or repeated load 
condition, or a randomly varying load condition, a p r e l i m i n a r y fatigue 
analysis will be conducted if sufficient knowledge of the operating conditions 
a r e avai lable. 

If sufficient fatigue data is available to es tabl i sh s ta t i s t ica l mininaum 
guaranteed fatigue al lowables, the component shall be capable of -withstanding 
three t imes the predicted number of load cycles . If only typical fatigue 
allowables a r e available the conaponent shall be capable of withstanding 
ten t imes the predicted number of load cycles . For cyclic loads to varying 
levels such s tandard methods as Mine r ' s method shall be used to determine 
the combined damage. For repeated load combined with a steady load such 
s tandard methods as the modified Goodman d iagram shall be used to 
de te rmine the combined effect. 

Handling and Transpor ta t ion F a c t o r s 

As a design goal, flight s t ruc tu re s shall not be subjected to t ranspor ta t ion 
and handling loads more seve re than flight design conditions. 

The t ranspor ta t ion loads a re a function of the t ranspor ta t ion mode. The 
t ranspor ta t ion loads shall include the steady state loads plus dynamic, 
vibration, and shock loads -which have to be determined based on the mode 
of t ranspor ta t ion by analys is . 

The t ranspor ta t ion equipment design loads shall contain a factor sufficient to 
a s s u r e that no s t ruc tu ra l p roblems will a r i s e to jeopardize the flight ha rdware . 
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