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FOREWORD 

This document contains the resu l t s of the sys tem design definition effort, 
including the s tage/engine in ter face , per formed during the Phase III Nuclear 
Shuttle Definition Study for the Class 1 Hybrid Reusable Nuclear Stage (RNS) 
concept . This work was accomplished for the National Aeronautics and 
Space Adminis t ra t ion , George C. Marsha l l Space Flight Center , Huntsvil le, 
Alabama, under Contract NAS8-24714. The final repor t was generated to 
fulfill the r equ i rement s of DRL No. MSFC-DRL-J96, ' Line I tem 3, and it 
covers the per iod from May 1, 1970 to May 1, 1971. 

The study effort descr ibed in this volume was performed under the direct ion 
of D r . R . J . HoU and D r . K . P . Johnson, with responsibil i ty for specific 
activit ies as follows: 

G . I . Abrams - Astr ionics and System Analysis 

K . M . Anderson - S t ruc tures Design 

M. B e r r y - Propuls ion Design 

C . B . Boehmer - Reliabili ty and Safety 

R. Chen - Thermal and St ructures Analysis 

D . Crosby - Insulation Design 

L . B . Goda - St ructures and Insulation Design and Analysis 

C. Goetz - Radiation Levels Analysis 

V. Jacobs - Propuls ion Design 

R. Luna - Reliabil i ty Analysis 

R . F . Manoske - Propuls ion Analysis 

M . Mayer - Computing Analysis 

G. Montoya - Ast r ionics Design 

Y. Oster - Propuls ion Design and Analysis and Interface Definition 

R. van ' t Riet - St ructural Dynamics and Flight Control 

NOTICE -
This report was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States Energy 
Research and Development Administration, nor any of 
their employees, nor any of their contractors, 
subcontractors, or their employees, malces any 
warranty, express or implied, or assumes any legal 
liabihty or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or 
process disclosed, or represents that its use would not 
infringe privately owned rights. 



parksb
Text Box
PAGE BLANK



PREFACE 

The m a t e r i a l contained in this document r ep resen t s a portion of the final 
r epo r t documentation for the Phase III Nuclear Shuttle System Definition 
Study. The study effort was per formed as a 12-month extension to the exist­
ing Nuclear Flight System Definition Study Contract (NAS8-247 14), with the 
objective of establishing Phase A conceptual definition for two c lasses of 
reusab le nuclear shuttle concepts . The first concept c lass is charac te r ized 
as a 33 - f t . -d i amete r configuration that is launched integrally to orbit by a 
Saturn V INT-21 veh ic le . The second concept c lass is charac te r ized as a 
modular configuration which is assembled in ear th orbit from modules 
c a r r i e d to orbit in a space shut t le . 

The final r epor t documentation has been organized to provide separable 
information for the two concepts , where appropr ia te , and to combine repor t 
m a t e r i a l common to both concepts in singular documents . The total docu­
mentat ion for the study is l is ted below, with this document identified in the 
left m a r g i n . 
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Cost Data 
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Sec t ion 1 

DESIGN SUMMARY 

T h i s s e c t i o n con t a in s a b r i e f d e s c r i p t i o n of the R e u s a b l e N u c l e a r Shut t le 

(RNS) C l a s s 1 Hybr id (1-H) c o n c e p t . The veh i c l e is b a s e d in low e a r t h o rb i t 

( 2 6 0 - n m i a l t i t u d e , 3 1. 5 -degree inc l ina t ion) and p r o v i d e s t r a n s p o r t a t i o n in a 

s h u t t l e m o d e to m o r e d i s t a n t d e s t i n a t i o n s . Its d e s i g n m i s s i o n is a round t r i p 

to a 6 0 - n m i l u n a r p o l a r o r b i t . It i s m a i n t a i n e d and r e p l e n i s h e d in e a r t h o r b i t 

by the s p a c e s h u t t l e . 

A s k e t c h of the C l a s s 1 Hybr id RNS conf igu ra t ion is shown in F i g u r e 1-1 

wh ich i l l u s t r a t e s the s e l e c t e d con f igu ra t i on and p r o v i d e s a l o c a t o r for s o m e 

of the f e a t u r e s wh ich w e r e e v a l u a t e d . It c o n s i s t s of t h r e e d i s t inc t m o d u l e s 

wh ich can be a s s e m b l e d and d i s a s s e m b l e d in s p a c e . The aft m o d u l e , ca l l ed 

the p r o p u l s i o n m o d u l e , con ta ins NERVA and a s m a l l r u n tank of p r o p e l l a n t . 

The p r o p e l l a n t m o d u l e p r o v i d e s the m a i n p r o p e l l a n t tank and m i n i m a l p r o p e l ­

lan t m a n a g e m e n t s u b s y s t e m s . At the f o r w a r d end of the s t a g e is a c o m m a n d 

and c o n t r o l m o d u l e (CCM) w h i c h con t a in s m o s t of the funct ional e q u i p m e n t and 

al l of the e x p e n d a b l e s excep t for m a i n s t a g e LH_. T h e aux i l i a ry p r o p u l s i o n 

e n g i n e s a r e l oca t ed on o u t r i g g e r s on the CCM, which a r e v i s i b l e in the 

s k e t c h . T h i s m o d u l e is r e p l a c e d b e t w e e n m i s s i o n s in e a r t h o r b i t , t h e r e b y 

effect ing a r e p l e n i s h m e n t of expendab l e s and all s c h e d u l e d m a i n t e n a n c e . 

Both the p r o p u l s i o n m o d u l e and the CCM a r e d e s i g n e d to be t r a n s p o r t e d to 

e a r t h o rb i t wi th in the c a r g o bay of the s p a c e s h u t t l e . Th i s f a c i l i t a t e s r e p l a c e ­

m e n t of the CCM, as no t ed , and of NERVA, as m i g h t be r e q u i r e d b e c a u s e of 

f a i l u r e or to extend the l i f e t ime of the RNS beyond that of the engine . The 

RNS is r e s u p p l i e d wi th LH_ in e a r t h o r b i t by the s p a c e shu t t l e be tween 

m i s s i o n s . 

T h e to ta l p r o p e l l a n t c a p a c i t y of the s t a g e is 300 ,000 lb of L H - . of wh ich 

10, 850 lb of LH-, is c o n t a i n e d in the run tank on the p r o p u l s i o n m o d u l e . The 

1 
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Figure 1-1. Class 1 Hybrid RNS 



modules a r e contained within a 10-degree half-angle cone subtended by the 

NERVA reac tor which resul ted from a combined optimization of s t ruc tura l 

and shield weights during Phase II. The run tank d iameter on the propulsion 

module is constrained to 160 in. to l imit the radiat ion shield weight, but still 

provide adequate volume to allow near ly autonomous operation, independent 

of resupply by the propellant module. This autonomy simplifies the operating 

requ i rements imposed on the stage and reduces the RNS development r equ i r e ­

ments . The forw^ard location of the CCM is selected for each of replacement . 

The RNS design and operat ions concept minimizes orbital support r e q u i r e ­

m e n t s . The space shuttle is utilized to deliver replacement modules and to 

resupply propel lant . No permanent , manned, orbital facilities a r e required 

for maintenance or propel lant resupply . 

A detailed weight s ta tement for the RNS Class 1 Hybrid is given in Table 1-1, 

Entr ies a re shown for each of the modules as well as for the total vehicle. 

The sys tem descr ip t ion contained in the work breakdown s t ruc ture provided 

as par t of the study guidelines is used with additional i tems added to cover 

unique components. 
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Table 1-1 

WEIGHT SUMMARY FOR CLASS 1 HYBRID RNS 

Code 

2.00 
2 .01 

2.02 
2.03 
2.04 
2.05 
2.06 

2.07 
2.08 

2.09 

2. 10 

3.00 

3.01 
3.02 

4 .00 
4 .01 

4 .02 
4 .03 

5.00 
5.01 
5.02 

5.03 
5.04 

5.05 
5.06 
5.07 

5.08 
5.09 

5. 10 

Descr ipt ion 

St ructure 
Prope l lan t tank 
assembly 
Thrus t s t ruc tu re 
Forward sk i r t 
Aft ski r t 
Tunnel and fairings 
Exte r io r finish and 
sea le r 
Antislosh baffles 
Equipment support 
s t ruc tu re 
Equipment module 
s t ruc tu re 
Additional s t ruc tu re 

Payload adapter 
Access 

Meteo ro id / the rma l 
protect ion 

Insulation 
Meteoroid protect ion 

Docking/clus ter ing 
Forward docking 
s t ruc tu re 
Aft docking s t ruc tu re 
Cluster ing s t ruc tu re 

Main propulsion 
NERVA engine 
External disc shield 
for NERVA 
Purge sy s t em 
Propel lan t scavenging 
sys tem and sensor s 
Propel lan t feed sys tem 
P r e s s u r i z a t i o n sys tem 
P r e p r e s s u r i z a t i o n 
sy s t em 
Pneumat ic sys t em 
Fill and d ra in /o rb i t 
refueling 
Ground and emergency 
vent 

Modules Weight (lb) 

P r o ­
pellant 

(21,110) 
17, 150 

470 
620 
720 
490 
210 

360 
230 

640 
220 

(6,250) 

2,470 
3,780 

(280) 
80 

200 

(520) 

110 
70 

120 

160 

P r o ­
pulsion 

(1.300) 
570 

170 
250 

20 

60 
160 

70 

(710) 

430 
280 

(80) 
80 

(30,630) 
27,300 

2,900 

140 
60 

60 

~ ~ "" 

C o m m a n d 
and 

C o n t r o l 

(720) 

360 

360 

(110) 

110 

(280) 
80 

200 

(560) 
500 

60 

. . . 

T o t a l 
Veh ic l e 
W e i g h t , 

(lb) 

(23 ,130) 

(7 ,070) 

(640) 

(31 ,710) 
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Table 1-1 (Continued) 

Code 

5.11 
5.12 

5.13 

6.00 
6.01 

6.02 
6.03 

7.00 

7.01 

7.02 
7.03 
7.04 
7.05 
7.06 
7.07 
7.08 
7.09 

8.00 
8.01 
8.02 

9.00 

10.00 
11.00 

11.01 
11.02 
11.03 

12.00 

13.00 

14.00 
14. 01 
14.02 
14. 03 
14. 04 

Descr ipt ion 

Flight vent 
Integrated chilldown 
sys tem 
Refill sys t em 

Auxil iary propulsion 
Reaction control 
sys t em 
Ret ro sys tem 
Ullage sys tem 

Astr ionic s y s t e m / 
as t r ion ics 

Guidance, navigation 
and control 
Ins tr umentation 
Command and control 
E lec t r i ca l power 
E lec t r ica l networks 
Environmental control 
Prope l lan t management 
Onboard checkout 
Data management 

Safety/ordnance sys t em 
Safety sys tem 
Ordnance sys tem 

Contingency 
Subtotal 
RCS propellant 
Residual propellant 

Liquid propellant 
Vapor vented 
Vapor 

Rese rve flight 
per formance 

Propel lant boiloff 

Impulse propellant 
Leave ear th 
Ar r ive moon 
Leave moon 
Arr ive ear th 

Total 

Modules Weight (lb) 

P r o ­
pellant 

60 

(255) 

35 
10 
40 

160 

5 
5 

(1,480) 
29,865 

(9,030) 
400 

8,630 

NA 

P r o ­
pulsion 

50 
70 

50 

(160) 
160 

(345) 

20 

15 
10 

130 
150 

10 
5 
5 

(150) 
33,375 

(440) 
100 

340 

NA 

Command 
and 

Control 

(950) 
950 

(1.905) 

310 

210 
140 
785 

85 

60 
315 

(200) 
4,725 

(1,250) 

Total 
Vehicle 
Weight, 

(lb) 

(1.110) 

(2.505) 

(1.830) 
67,995 
(1.250) 
(9.470) 

(1,700) 

(288, 830) 
174,330 
37,960 
26,210 
50,330 

369, 245 

5 
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Sec t ion 2 

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

The a n a l y s e s of the d e s i g n and o p e r a t i o n s of the RNS a r e con ta ined in Book 1 

of t h i s v o l u m e . A b r i e f s u m m a r y of the sys tenn r e q u i r e m e n t s e s t a b l i s h e d in 

t h a t d o c u m e n t i s p r o v i d e d in t h i s s e c t i o n to c o m p l e m e n t the s y s t e m def ini t ion. 

2. 1 MISSION A P P L I C A T I O N S 

T h r e e c l a s s e s of na i s s ions a r e p r o p o s e d for the RNS: i n t e r o r b i t a l shu t t l e 

( lunar and g e o s y n c h r o n o u s ) , u n m a n n e d p l a n e t a r y , and m a n n e d p l a n e t a r y . 

T h e s e a r e a l l p e r f o r m e d in a r e u s a b l e shu t t l e m o d e . The d e s i g n i m p l i c a t i o n s 

of t h e s e a r e p r e s e n t e d in Sec t ion 2 of Book 1 and m o r e de t a i l ed m i s s i o n 

d e s c r i p t i o n s and p e r f o r m a n c e da t a a r e d o c u m e n t e d in the M i s s i o n P lann ing 

Handbook (MDC G0595). 

T h e l u n a r shu t t l e m i s s i o n p r o v i d e s the b a s i s for RNS des ign r e q u i r e m e n t s 

in t h i s s tudy . T h i s m i s s i o n e n t a i l s t r a n s f e r of c a r g o and m e n to and f r o m 

a 6 0 - n m i p o l a r l u n a r o r b i t , o p e r a t i n g f r o m a low^ c i r c u l a r e a r t h o r b i t at 

260 n m i and 31 . 5 - d e g r e e i nc l ina t ion . The des ign m i s s i o n c o n s i s t s of e ight 

m a i n s t a g e b u r n s , wh ich p r o v i d e s for p l ane ro t a t i on at l u n a r o rb i t in jec t ion 

and t r a n s e a r t h in jec t ion . M i s s i o n t i m e l i n e s a r e b a s e d on a 54. 6 -day r e p e a t i n g 

c y c l e . T h e top l e v e l m i s s i o n t i m e l i n e is shown in Tab le 2. 1-1, The 

r e f e r e n c e m i s s i o n c o n s i d e r s d e l i v e r y of a 110, 000- lb pay load to l una r o rb i t 

wi th r e t u r n of only the 20 , 000 - lb c r e w nnodule to e a r t h o r b i t . This m i s s i o n 

i s u s e d for d e s i g n p u r p o s e s only; a f o u r - b u r n m i s s i o n , wi thout the p l ane 

change m a n e u v e r s in l u n a r o rb i t , is c o n s i d e r e d nomina l for p e r f o r m a n c e 

p u r p o s e s. 

7 



Table 2. 1-1 
MISSION TIMELINE 

CLASS 1 HYBRID 

Event 

TLI 

•^Mid-
course 

LOI-1 

^LOI-2 

LOI-3 

TEI-1 

^TEI-2 

TEI -3 

^Mid-

Initiation 
T ime 
(hr) 

0 

15, 37, 
67 (typ) 

180 

120 

132 

518 

530 

542 

552, 557, 

Impulse 
Propel lant 

(lb) 

165,760 

1,000 

10,730 

5,370 

19.330 

11,860 

3,900 

8,200 

500 

Propuls ion 

Cooldown 
Propel lant 

(lb) 

7, 300 

_ 

770 

400 

1,250 

850 

300 

600 

_ 

Parame te 

Steady-
State 
Time 
(sec) 

1,750 

500 

70 

25 

160 

82 

0 

43 

250 

rs 

"^Total 
Run 

Time 
(sec) 

2,700 

500 

330 

260 

460 

350 

230 

290 

250 

2 
Cooldown 

Time 
(hr) 

108 

_ 

12 

12 

27 

12 

5 

11 

_ 

course 595 (typ) 

EOI 614 47,910 2, 800 470 930 45 

Total 274,560 14,270 

TLI Trans luna r injection 
LOI-1 Lunar orbi t injection (into 24-hr ell iptical capture orbit) 
LOI-2 30-deg plane change maneuver 
LOI-3 Ci rcu lar iza t ion maneuver at 60 nmi 
TEI-1 Injection maneuver to ell iptical depar tment orbit 
TEI-2 30-deg plane change maneuver 
TEI-3 T r a n s e a r t h injection 
EOI Ea r th orbit injection (260 nmi) 

NOTES: 1 Including chilldown (56 sec) through PSOV c losu re . 
2 Or t ime to next maneuver , whichever is l e s s . 
3 Idle mode opera t ion . 
4 Throt t le mode operat ion, 30-deg plane change. 
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2. 2 RNS OPERATIONS 

The pre launch, launch, and miss ion phases of the RNS system operations 

a re analyzed in Section 3 of Book 1 to es tabl ish a basis for the RNS design. 

The functional flow of operat ions and method of report ing is summar ized in 

F igure 2. 2-1 for m.ajor ca tegor ies of operat ions which have been abs t rac ted 

f rom the top and f i r s t level functional flow diagrams reported in Volume VII. 

The en t r ies in F igure 2. 2-1 a r e indexed according to the functional flow 

designation (FF) , the MSEC study task numbers (T), and the repor t sections 

in Book 1 (S). Major features of these operations and their implications for 

the RNS design a r e summar ized h e r e . 

The Class 1-H propellant module is assembled at Michoud and subjected to 

cold flow tes t ing at the Miss iss ippi Tes t Faci l i ty (MTF). The propulsion 

module run tank is assembled at Huntington Beach and subjected to cold 

flow test ing with an engine s imulator at M T F . Engine mating and interface 

verif icat ion tes ts a r e conducted at KSC. The CCM is assembled and 

checked out at Huntington Beach, Propel lant modules a re t ranspor ted by 

barge while the propulsion naodule run tank and command and control module 

a re t r anspor t ed by a i r (super guppy). 

Each RNS module is launched to orbit separa te ly and assembled in orbit. The 

envelope of the Class 1-H propellant module pe rmi t s an 84-percent launch 

availabili ty with existing S-IC and S-II s t ruc ture using wind bias t r a j ec to r i e s . 

The Class 1-H RNS is assembled without requir ing a space tug or external 

support s y s t e m s . The CCM is launched f i rs t . It acquires the propellant 

module which is launched second and docks to it. The propulsion module is 

launched las t and is self-s tabi l ized for the assembly operation which is 

performed under control of the CCM. Fluid and electr ical couplings a re 

accomplished in orbit using remote a s sembly mechanisms . 

Propel lant resupply is a major orbi tal support operation. Selection of RNS 

fleet size and miss ions scheduling obviates the requirennent for an additional 

r e s e r v o i r of propel lant tankage in orbit as a tank farm. The space shuttle 

del ivers LHo di rec t ly to the RNS perfornaing a propellant t ransfe r under 
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l inear acce le ra t ion provided by the space shuttle. P r io r to initiating the 

miss ion , propel lant is vented to re jec t the heat from propellant tank chil l ­

down and orbi ta l heating during refueling. The tank is subsequently topped 

off to begin the miss ion with propellant at 16 psia. 

Checkout of orbi ta l assembly interfaces is provided by the CCM during the 

a s sembly opera t ions . The RNS per fo rms autonomous onboard checkout for 

the orbi tal countdow^n. Component functional check is utilized to avoid the 

consumption of expendables and NERVA cr i t ical i ty associated with simulated 

operat ions . A nominal p r o c e s s o r requ i rement of 8, 200 equivalent adds per 

second and 25, 000 words of s torage has been identified for onboard checkout. 

Except for a smal l increase in instrumentat ion, no additional conaponents or 

subsys tems a r e requi red to accomplish RNS checkout. 

The ground moni tors the RNS per formance and intermit tent ly provides infor­

mation to the RNS via uplink as r equ i r ed . Ground process ing is performed 

for fault predict ion and t rend analysis evaluation between m i s s i o n s . The 

p r i m a r y RNS data interface is to the ground utilizing an est imated t r a n s ­

miss ion ra te over ground stations of only 8, 500 bits per second. Hence no 

requ i rement for communication satel l i te re lay is anticipated. 

The RNS is or iented in the g rav i ty -g rad ien t - s t ab le , loca l -ver t ica l orientat ion 

during l o n g - t e r m coast phases in ea r th and lunar o rb i t s . This precludes 

the need for active attitude cont ro l . The RNS operates in a l imit cycle 

mode during the t rans lunar and t r a n s e a r t h coast pe r iods , and during 

both of the 24-hour lunar phasing o r b i t s . The navigation and guidance 

subsys tem will remain dornnant during the gravi ty-gradient-s tabi l ized 

per iods ; 36 attitude maneuvers have been imposed to establish vehicle attitude 

for RNS opera t ions . A separa te maneuver is also performed by the APS 

before t r ans luna r injection or t r an sea r th injection to permi t the RNS to leave 

the vicinity of the space station before initiating ful l- thrust NERVA operation. 

The propel lant uti l ization and NERVA thrus t modes were defined for the 

reference lunar shuttle miss ion profile in Table 2. 1-1. Six burns a re p e r ­

formed using NERVA at full thrus t . A throt t le mode (45, 000-lb thrust) is 
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ennployed for the two lunar orbit plane change maneuvers . NERVA idle mode 

operation is used for .midcourse maneuvers . The RNS propulsion module 

opera tes autonomously to provide aftercooling propellant to NERVA after all 

burns and to accomplish throt t le miode maneuvers and midcourse cor rec t ions . 

The run tank is refilled p r io r to each full th rus t operation. 

The s tar tup operat ions have been defined for the RNS. These begin with 

propel lant settling provided at a 3. 2-lb th rus t level by the APS (this resu l t s 

in acce le ra t ions l e s s than 2 x 10-5 g) Settling is completed at high th rus t 

using the NERVA s tar tup th rus t r amp. A thrus t hold is integrated into the 

s tar tup r amp at the throt t le point to pe rmi t completion of propellant settling 

and propel lant module p res su r i za t ion . The propellant feed sys tem is chilled 

down during the initial phase of propel lant settling and the run tank is refilled 

before initiating the NERVA thrus t r amp . The run tank operates autononaously 

during the s tar tup operation and uses NERVA bleed gas for an autogenous 

boots t rap s ta r tup . The propel lant tank is p r e s s u r i z e d and brought on-line to 

r e s t o r e the s teady-s ta te propel lant level in the run tank before its level has 

dropped below 5, 000 lb LH2. 

Use of the navigation and guidance sys tem with tw ô s ta r t r a c k e r s and a 

strapdown iner t ia l measur ing unit provides adequate t ra jec tory accuracy 

for an autonomous navigation and guidance approach. 

During the s teady-s ta te operat ion, the run tank in the propulsion module acts 

as a surge tank. A control sys tem was defined to regulate the p r e s s u r e s in 

both the run tank and main propel lant tank in addition to the LH2 level in the 

run tank. This propellant management control sys t em has been simulated 

to demons t ra te its capability to regulate the s tar tup and shutdown ramp, 

refil l the run tank after s ta r tup when the propellant module has been brought 

on-l ine, to adjust to acce le ra t ion head changes during burn, and to respond 

to flow ra te changes for the NERVA emergency mode operation. Simulations 

of th rus t vector control have es tabl ished engine gimbal requ i rements and 

de termined the attitude excurs ions following s tar tup both with and without 

p re t r imming the NERVA thrus t vector p r io r to s tar tup. The advantages of 

this initial t r i m operation w^ere establ ished. 
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RNS operat ions for shutdown and aftercooling have been defined. Because of 

the long t imes and large number of pulses involved in providing cooldown 

during a miss ion , the requ i rements to provide propellant to NERVA at 

specified conditions during aftercooling can impose severe penalt ies on the 

RNS design. The recommended approach uses a surface tension device to 

provide sa tura ted LH^ from the run tank for aftercooling pulses . The 

naission pe r fo rmance implications of aftercooling were established. The 

payload del ivery to lunar orbit was increased by 8,400 lb by crediting the 

cooldown contribution to miss ion velocity. A potential payload gain of 

23, 540 lb w^as identified if cooldow^n could be eliminated entirely. This 

evaluation indicated that a major portion of that payload gain could be 

achieved if a h igh- t empera tu re radia tor sys tem could be integrated with 

NERVA. Tra j ec to r i e s have been defined for orbital injection accounting for 

d ispers ions in cooldow^n propellant w^hich permi t reaching the final t a rge t 

orbit w^ithout imposing additional impulsive requi rements on the RNS. The 

des i rabi l i ty of t r imming the engine thrus t vector through the vehicle eg has 

been identified to reduce attitude d is turbances during pulsed aftercooling as 

well as p r io r to s ta r tup as descr ibed ea r l i e r . 

The r equ i remen t s for t ra jec tory midcourse correct ion were evaluated. It 

was found that multiple impulsive midcourse maneuvers or a single impulsive 

cor rec t ion ea r ly in the t ra jec tory a r e preferable to a single impulse maneu­

ver at the end of the cooldown phase . Tra jec tory correct ion utilizing vectored 

cooldown thrus t is also considered competit ive with early impulse c o r r e c t i o n s . 

RNS maintenance is accomplished by module replacement at the assembly 

leve l . The CCM containing the functional subsystems is recycled to the 

ground each miss ion for maintenance and replenishment of expendables. The 

Phase III maintenance study considering multiple replacement modules , a 

single CCM and in situ maintenance has reaffirmed the advantages of the CCM 

concept and its minimal orbital support r equ i remen t . At the end of NERVA 

life, it is recommended that the propulsion module be disposed from ear th 

orbit (or lunar orbit in the event of a failure) by a reusable chemical tug and 

propellant modules recycled on an unscheduled b a s i s . 

13 



The evaluation of RNS operat ions and interfaces with other candidate sys tem 

elements has indicated that RNS operat ions requi re minimal orbi tal support. 

E lements cons idered and found to be unnecessary include an orbital propellant 

depot, an orbi ta l maintenance facility, communications sa te l l i t e s , and 

remote manipulator uni ts . The space tug can be used for payload handling, 

although its functions could be adequately provided by a CCM fronn the RNS. 

A lunar lander size tug is uti l ized for NERVA disposal . Thus , the major 

support sys t em for the RNS is the space shuttle which provides initial 

del ivery of RNS modules to orbi t and subsequent propellant resupply as a 

tanker vehicle . Of course , the Saturn V INT-21 launch vehicle is used for 

the propel lant module. 

2. 3 DESIGN CRITERIA 

The design c r i t e r i a for each of the major subsys tems used as a bas is for 

the design analys is a re p resen ted in Section 4 in Book 1. The major consid­

era t ions and sources of data for these will be summar ized he re . 

The bas i s for s t ruc tu ra l design c r i t e r i a is contained in "Guidelines for 

Strength Analysis Tes t and Asses smen t Requi rements" , MSFC Memorandum 

S&E-ASTN-AS-70-55, dated June 5, 1970. The memorandum defines 

terminology and data sou rce s . The principal source of ma te r i a l p roper t ies 

is "Metallic Mater ia ls and Elements for Aerospace Vehicle S t ruc tu res" , 

MIL-HDBK-5A, F e b r u a r y 8, 1966. Space shuttle load factors a r e defined 

by MSFC Memo PD-SA-70-269, dated November 13, 1970, The space shuttle 

launch is manned. Cr i t ica l for launch of the Class IH propel lant module on 

the INT-21 launch vehicle a r e defined by "Ground Rules for INT-21 Launch 

Vehicle Definition Studies, Revision B", MSFC Let ter S&E-CSC-L-70-239, 

dated August 24, 1970. The launch will be unmanned. Launch vehicle 

allowables and wind c r i t e r i a inaplications a re identified in Boeing Report D5-

15804-2, "Application of Saturn V Intermediate Launch Vehicles to Space 

Station Missions - Final Technical Report" , dated September 4, 1970. The 

ground rule applied for the INT-21 launch is that the RNS module payload 

will not impose loads exceeding the capability of existing S-IC and S-II 
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s t ruc tu re s . All RNS p r e s s u r e vesse l s a r e designed such that p r e s s u r e 

stabilization is not requi red for any ground launch or mission operation. 

The propulsion module run tank is launched dry and unpressur ized . 

The space meteoroid environment is defined in "Natural Environment 

Cr i t e r i a for the NASA Space Station", D, K, Wiedner, Edi tor , NASA 

TMX-53865 dated October 31, 1969. The damage cr i te r ion for tankage is 

that there w^ill be no penetrat ion of the tank wall. Exper imenta l tes t data 

is used for a r m o r effectiveness. The t he rma l environment is defined by 

two documents : " T e r r e s t r i a l Environment (Climatic) Cr i t e r i a Guidelines 

for Use In Space Vehicle Development ," NASA-TMX-53872, September 1970; 

and "Space Environment Cr i t e r i a Guidelines For Use in Space Vehicle 

Development" (1969 Revision), NASA-TMX-53957, October 1969. High-

performance insulation cha rac t e r i s t i c s have been established using tes t 

data obtained f rom Contract NAS8-21400. Hypervelocity test resul t s were 

used for meteoroid a r m o r effectiveness. The the rmal and meteoroid p r o ­

tection sys tems impose no requ i rements for vehicle orientation during any 

operations or miss ion phases . 

The docking and c lus ter ing mechanism designs accommodate to lerances 

establ ished with reference to an ITT l a se r radar sys tem perform.ance and 

consider the resul tan t of a 10 lb - sec impulse for maneuvering an empty 

propellant module. Docking forces a r e not used to actuate or lock latching 

mechan i sms . The RNS or its separa te modules (excluding the CCM) will be 

pass ive for all docking operat ions while providing functions to pe rmi t 

automatic rendezvous and docking. 

Main propulsion sys tem design c r i t e r i a a re established for the NERVA engine 

in the following documents : "NERVA P r o g r a m Requirements Document", 

SNPO-NPRD-1 , January 19, 1970; "NERVA Reference Data (Full Flow 

Engine)", AGC Report S -130-CP-090290-FL-Pre l imina ry , April 1970. P r o ­

pellant conditions a r e derived from AGC Let ter 7410:1075, July 15, 1970 

which includes a s teady-s ta te operating p r e s s u r e of 26-psi saturated liquid 

with zero NPSP. Reduced flow ra tes a re permit ted at zero NPSP and 
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sa tura ted liquid for sa tura t ion p r e s s u r e s below 26 psi to provide autogenous 

s ta r t capabili ty. The RNS will provide propellant conditions for a NERVA 

malfiinction mode; hov/ever, the total p r e s s u r e need not exceed 26 psi for 

such a mode. During pulsed aftercooling, the RNS will provide sa tura ted 

liquid to the bypass line at a p r e s s u r e exceeding 16 psia. The NERVA 

engine will provide p r e s s u r a n t flow as required for all RNS operat ions except 

during pulsed aftercooling. Fluid line interfaces -will provide for assembly 

and d i sa s sembly in orbit . 

The auxi l iary propulsion sys t em is located in the command and control 

module and provides th rus t for: (1) attitude control during coast phases , 

(2) attitude maneuve r s , (3) attitude control during cooldow^n thrust ing, 

(4) separat ion maneuvers , (5) rol l control during main engine burns , 

(6) rendezvous maneuvers , and (7) propellant sett l ing. The APS motor 

configuration is designed to fail operat ional with subsequent fai lure acconn-

modated by use of a l te rna te engines for a par t i cu la r maneuver . 

The RNS has capabili ty for navigation and guidance, data management , 

command and control , and power functions independent of payload. The RNS 

provides autonomous capability for orbital checkout, fault isolation and 

detection, and emergency detection. Uplink and dow^nlink capability for data 

and control will be provided with the ground in neces sa ry support sys tem 

e lements . The RNS navigation and guidance policy provides for maximum 

prac t i ca l uti l ization of aftercooling pulses for final velocity at tainment, naid-

course cor rec t ion , and /o r rendezvous maneuvers . Elect ronic technology 

expected in the 1974 t ime per iod is used. The NERVA pow^er requi rements 

a r e defined by the NERVA documents cited previously. 

The NERVA s t ruc tu ra l dynamic model is defined by "Dynamic Analysis 

Report ," ANSC Report S038-CP090290-F1, September 1970. The l a te ra l 

accelera t ion t rans ien t used to excite the dynamic model is based on Saturn V 

launch data contained in "Review of Loads Table and Acoustic Levels," 

MSFC Let ter S&E-ASTN-AA-70-42, May 12, 1970. 
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Data on NERVA and its radiat ion sources a re based on "NERVA Flight 

Engine Common Radiation Analysis Model", AGC Report RN-TN-0583, 

May 1969. The fundamental radiation and cr i te r ion was a dose of 10 r e m 

pe r miission to a manned capsule located 11 ft ahead of the RNS, Radiation 

damage to m a t e r i a l s is establ ished f rom multiple data sources contained 

in the open l i t e r a t u r e ; how^ever, the Radiation Effects Information Center 

(REIC) operated by Battelle Memoria l Institute is considered as the p r i m a r y 

source . 

The RNS will have a capabili ty of performing 10 miss ions over a per iod of 

3 y e a r s . It Avill be designed to achieve a rel iabi l i ty at 0. 975 w îth a confidence 

level of 90 pe rcen t for the in - t rans i t phases of the mission. No single failure 

will cause loss of miss ion . Accordingly, the functional subsystenas of the 

RNS a re designed to fail operat ional . 
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Section 3 

RNS SYSTEM DEFINITION 

This section contains an overal l descr ipt ion of the Class I—Hybrid RNS 

vehic le . Detailed hardware t r e e s for each module a re given in the following 

sections , 

3 ,1 VEHICLE CONFIGURATION 

Figure 3 .1 -1 shows an inboard profile drawing of the assembled Class I— 

Hybrid veh ic le . This figure can be used to descr ibe the overal l vehicle and 

the location of the major functional equipment. This RNS configuration con­

tains three major modules: the command and control module (CCM) and the 

propulsion module both launched by the space shuttle, and a 33-f t-diameter 

propel lant module which is launched on a Saturn INT-21 vehic le . 

The interfaces between the propulsion module and the propellant module and 

between the CCM and the propellant module, which represen t orbi ta l a s s e m ­

bly planes for the RNS, a re indicated on the drawing. The propulsion module 

contains a run tank and the NERVA engine. The thrust s t ruc ture between the 

engine and the run tank is shown. The main propellant feed subsystem sup­

plies liquid hydrogen to the engine from the run tank via two separa te 10-in.-

d iamete r tank penet ra t ions . The NERVA supplied pump shutoff valves in te r ­

face at the run tank pene t ra t ions . At rated thrust conditions the combined 

outflow from both of these feed ducts is a total of 91.9 l b / s e c of hydrogen. 

Antivortexing and filtration sc reens a re located inside the tank around each 

of these feed duct pene t ra t ions . Due to the spacing of the NERVA dual 

pumps, two individual sc reens will be used, one over each exit por t . These 

sc reens will provide 100-micron filtration in the cur ren t design. Because 

of the chilldown conditioning requ i rement for the NERVA engine, provision 
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is made to open the antivortex, filtration sc reens during the chill and before 

init iation of engine p r e s t a r t . Propel lant inflow to the propulsion 'module run 

tank is accomplished by a 12-in. -dianneter in ternal tank feed line extending 

the length of the tank. This duct, which is designed for col lapse p r e s s u r e , 

contains two 8 - i n . - d i a m e t e r flow control valves located at the tank bottom. 

These two moto r -d r iven control valves a re actuated through the data manage­

ment subsys tem by liquid level s ensor s located in the run tank. This sys tem 

is utilized to maintain a constant liquid level in the run tank during engine 

opera t ion . 

At the forward penetrat ion of the run tank the feed duct exits and is routed up 

to the interface p lane . The section of ducting from the forward dome pene t ra ­

tion to the interface plane is a l inear section of s ta inless s teel ducting uti l iz­

ing a compensator and two gimbal joints at ei ther end. This sys tem of flex­

ible e lements will provide the l inear deployment required in o rde r to per form 

the automatic coupling at this in te r face . The 12- in . -d i amete r in ternal feed 

line is fabricated from aluminum alloy. Bolted connections a re used at the 

s ta in less s tee l t ransi t ion sections containing the 12 - in . -d i ame te r gimbal 

Joints util ized as flexible e l emen t s . Dual p r e s s u r e activated stat ic seals a re 

used in the feed sys tem with automatic leak check capabil i ty. 

Expulsion p re s su r i za t i on is utilized in the run tank as well as the propellant 

module . This gas is obtained from a NERVA engine tap-off downst ream of 

the tu rb ine . The engine supplies a duct from the turbine tap-off to the 

engine/s tage connect panel . At this position the run tank picks up this 

1 -1 /4 - in . -d i ame te r duct, and it runs along the outside of the run tank, 

covered by insulation and meteoroid a r m o r . P r e s s u r i z a t i o n control valves 

a r e located external to the tank in the forward dome a r e a . The 1/2- in . -

d iameter penetra t ion enters the forward ullage and te rmina tes in a spray 

nozzle diffuser. A diffuser is used to prevent ullage co l lapse . A tee is 

provided in this p re s su r i za t ion sys t em, and the line is run from the tee to 

the in terface p lane . The p res su r i za t ion duct, using a conventional quick-

disconnect coupling, is routed to the e lec t r ica l connector panel located at 
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DUAL SEAL (SECURED TO FLANGE ) 

r^ttuPELLANT FEED SYSTEM INTERFACE - DEPLOYMisNT AND COUPLING MECHAI^IC: 

FLANGE MATED 

DUCT HANDLING FRAME EXTENDED 

AUTOMATIC COUPLING 

COUPLING DRIVE 
N ' O T O R 

Figure 3.1-1. Inboard Profile (Sheet 2 of 3) 
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COUPLING (MATED POSITION ) 

COUPLING (OPEN ) 

POSITION SWITCH 

FIBERGLASS SHROUD 
( . 0 2 0 ) 

FLANGE COUPLING 
(AL. ALLOY ) 

DRIVE GEAR ( AL.) 
(74 TEETH ) 

25 SS CHAIN { 1/4 PITCH ) 

GUIDE & ALIGNMENT CONE 
(FOR PILOT) 

DRIVE MOTOR & CLUTCH 
ASSY 

RESILIENT COUPLING 

WORM DRIVE ( DOUBLE THD.) 

POSITION SWITCH 
(REDUNDANT SYSTEM) 

EROraLLANT 'FEED SYSTEM INTERFACE - AUTOMATIC COUPLING SYSTEM* Figure 3,1-1. Inboard Profile (Sheet 3 of 3) 
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the in te r face . Deployment of the p res su r i za t ion duct uti l izes the deployment 

mechanisna for the e lec t r i ca l coupling panel . These a r e the only fluid 

couplings c ross ing the interface plane between the propulsion module and 

the propel lant module. 

The flight vent is located in the forward region of the propulsion module run 

tank. This sys t em uti l izes quad redundant valving and two propulsive vent 

nozzles which a re located 180 degrees apar t in the forward ski r t region of 

the run tank. The nozzles a r e pointing aft to aid in propel lant settling during 

vent ing. The vent s y s t e m extends into the forward dome ullage space using 

a single penet ra t ion . 

The propulsion module also contains an ambient gas auxi l iary propulsion 

s y s t e m . It is used to s tabi l ize the module during the assembly sequence 

with control provided by a local gyro package. It is located in the forward 

sk i r t region of the run tank and uses a 25-in. -d i ame te r t i tanium sphere for 

gas s torage and two sets of nozz les , th ree per c l u s t e r , located 180 degrees 

apar t on the outer surface of the run tank forward s t r u c t u r e . Recharge 

of this sphere is accomplished from the NERVA engine by tapping off from 

the p ressu r i za t ion line in the forward ski r t of the propulsion module . 

The run tank is refilled with propel lant from the propellant module pr ior to 

every ful l - thrust opera t ion. The refil l sys tem cons is t s of two para l le l 

mounted submerged a c - m o t o r - d r i v e n pumps . These pumps a re mounted 

in a manifold which is identical to the manifold util ized for the two 8-in. -

d iamete r flow control va lves . The pumps intake from this main feed mani­

fold and discharge via control valving to the 4- in , -d iamete r r i s e r that runs 

to the ullage of the run tank. The pumps accomplish the t rans fe r against a 

p r e s s u r e head between the two tanks . 

Orbi ta l refi l l , which is performed every round t r i p , ut i l izes the tanker as 

the active e lement . The run tank refueling operat ion is accomplished without 

the use of the moto r -d r iven pumping sys t em. Fluid is t r ans fe r red through 
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the main feed sys t em and discharges through the spray nozzle into the ullage 

space of the run tank. 

The propulsion module contains an integrated s tage/engine recirculat ing 

chilldown s y s t e m . This sys tem conditions the NERVA engine inlet ducting, 

turbopumps , and re la ted valving. It contains two para l le l mounted a c - m o t o r -

driven pumps that a r e submerged at the bottom of the propulsion module run 

tank. These pumps d ischarge to a single line which penetra tes the run tank 

and then sepa ra t e s into two ducts which enter the engine inlet ducting down­

s t r e a m of the PSOV v a l v e s . As pi*esently conceived, the PSOV's contain 

a boss to provide this interface connection. During the chilldown cycle , 

the PSOV valves a r e c losed, and flow proceeds downstream into the feed 

ducts and through the NERVA turbopumps . The engine supplies a chilldown 

re tu rn line that runs from the cus tomer connect panel to the discharge 

side of both p u m p s . The stage re tu rns the chilldown flow via quad-redundant 

valving back to the run tank. This closed-loop sys tem provides conditioning 

for all of the NERVA inlet hardware to insure a rel iable s t a r t . 

In addition to performing the engine precondit ioning, the chilldown sys tem 

provides conditioning for the intermodule feed ducting between the propulsion 

module run tank and the propellant module . This is accomplished by the 

second leg of this rec i rcula t ion sy s t em. Pump d ischarge , in addition to 

being routed down to the engine, is also routed into the main feed duct 

manifold. It then proceeds up the 12- in . -d iamete r feed duct to the 

propellant module sump. Both of the isolation valves in the propellant 

module a r e open to enable re turn flow to the propellant module. The 

chilldown r e tu rn valves a r e mounted to the run tank thrust s t r u c t u r e . 

The propellant module feed sys tem contains two 8 - i n . - d i a m e t e r , motor -

opera ted , on-off type va lves . These valves a r e located in the sump fitting 

of the propellant module . The inlet to both of these valves is shrouded by 

an ant ivortex filtration s c r e e n . Hydrogen is expelled from the propellant 

L 
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tank through these two valves through the sump and into a 12 - in . -d i ame te r 

s ta in less s teel duct which runs to the in te r face . The s ta inless steel duct 

contains two gimbal joints for thernaal and operat ional deflect ions. At 

the interface p lane , the duct flange is soft mounted and contains an auto­

mat ic coupling mechan ism to make the connection with the run tank. The 

in termodule feed duct ut i l izes a dual s e r i e s mounted, p r e s s u r e actuated seal 

configuration to complete this connection. 

The forward sk i r t region of the propellant module contains a ground umbilical 

pane l . This provides a disconnect for the ground f i l l -and-dra in function. 

Drain is accomplished by tank p re s su r i za t i on . A 4-in, -d iamete r sys tem is 

used employing a but terf ly- type, pneumat ic-actuated, f i l l -and-drain valve. 

A section of ducting runs frona the valve to the forward dome of the propellant 

tank and penet ra tes the dome into an in ternal duct that runs to the base sump 

of the propellant tank. This r i s e r will be constructed of aluminum ducting. 

Sta inless s teel gimbal joints will be used for flexibility above the tank and 

will be connected to the aluminum sections with conventional bolted flanges 

with stat ic s ea l s . The r i s e r is supported with sl iding-type vibrat ion mounts 

along the inside of the propel lant tank. The ground vent and relief sys tem is 

also located on the forward umbi l ica l . This sys tem is utilized during the 

ground fill operat ion and also in the event of an inadvertent p r e s s u r e buildup 

in the tank. It consis ts of a vent and a relief valve close coupled to the 

umbi l ica l panel vent and a 6-in. -d iamete r duct running to a penetrat ion in 

the forward dome of the propellant tank. An internal section continues to 

the top of the dome and t e rmina tes in an open flange to provide the vent 

function. 

The flight vent and relief sys tem is sized at a 2 -1 /2 - in . -d i amete r and contains 

a set of quad-redundant on-off type control valves and d ischarges through two 

nozzles located 180 degrees apar t . The flight vent duct tees into the ground 

vent and relief sys tem downstream of the vent and relief va lve . Thus, both 

the ground and vent r e l ease sys tem and the flight vent and re lease sys tem 

ut i l ize a single tank penetra t ion. 
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The forward umbil ical also contains a ground pressur iza t ion disconnect of 

a 1/2-in. -d iamete r with a shutoff valve and the associated line that runs 

from the umbil ical panel to a separa te dome penetrat ion. The dome penet ra­

tion t e rmina t e s in a nylon bag diffuser. This configuration prevents impinge­

ment and resul t ing ullage collapse during p ressu r i za t ion . The ground-only 

function for p res su r i za t ion tees into the flight p ressur iza t ion sys tem on the 

forward payload adapter s t r u c t u r e . The propellant module flight p r e s s u r i ­

zation sys tem is an on-off type which is controlled from s t ra in gage p r e s s u r e 

t r a n s d u c e r s located in the ullage region of the propellant tank. This sys tem 

has the following three d i sc re te flow capabil i t ies: a 4 - l b / s ec capability 

that is requi red for p rep res su r i za t ion , a 0 ,6- lb capability for expulsion 

p r e s su r i za t i on during NERVA ful l- thrust operation, and a 0 . 4 - l b / s e c control 

capabil i ty. Each control leg of this sys tem contains quad-redundant con­

t ro l valving. These valves a re mounted forward on the payload adapter . A 

1 - 1 / 4 - i n . - d i a m e t e r s ta inless s teel p ressur iza t ion duct extends from the aft 

in terface of the propellant module to this forward payload adapter location. 

This duct is shrouded by a fairing over the entire run of the propellant 

module . At the aft interface of the propulsion module, the duct is routed 

to the e l ec t r i ca l connect panel where the quick disconnect provides the con­

nection to the propulsion module run tank and down to the customer connect 

panel between the NERVA engine and the s tage . 

Located in the forward dome a r ea of the propellant tank is the in-flight 

refueling sys t em. This sys tem contains four control valves mounted on the 

payload adapter and t e rmina tes in a spray- type nozzle in the tank. The duct 

running from the tank penetrat ion to the payload adapter interface contains 

th ree 4- in . -d iamete r gimbal joints to provide for the required working 

deflect ions. The duct is hard mounted at the in terface . 

The CCM interfaces with the propellant module at the forward portion of the 

payload adapter , A 4 - i n , - d i a m e t e r refueling connection is made at this 

in te r face . The CCM contains a s t ra ight section of 4 - i n , - d i a m e t e r ducting. 

This duct contains two gimbal joints, a p r e s s u r e volume compensator , and 
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the basel ine deployment mechan i sm. The flange coupling mechan ism is 

located on the propellant module refueling duct. This automatic coupling 

interface ut i l izes dual stat ic seals and automatic leak-check por ts . This 

section of feed-through ducting in the CCM enables refueling of the main 

propel lant tank and the propulsion module run tank with the CCM in p lace . 

The CCM also contains the cryogenic auxil iary propulsion sys tem for vehicle 

control . This sys tem uti l izes cent ra l tankage that feeds two sets of th rus to r 

pods located 180 degrees apar t . The th rus to r pods a re located on out r iggers 

emanating from the CCM, Outboard placement of these nozzles is provided 

to reduce plume impingement on the propel lant module. Central ized p r o ­

pellant s torage for the APS and the fuel cells is located within the CCM. 

This tankage consis ts of l ow-p re s su re s torage sphe res , a turbopump sys tem, 

and h i g h - p r e s s u r e , hot-gas s torage accumula to r s . 

Section BB detai ls how the flight cable h a r n e s s e s will c ross the gimbaled 

interface plane between the engine and the run tank. Section CC shows the 

ex terna l tunnel configuration which contains a 1-1/4-in. -d iameter p r e s s u r i z a ­

tion line supported on two standoffs that a re bonded to the tank wall . The 

standoffs also form the support for both flat cable retaining bracke ts and 

round cable retaining b r a c k e t s . The ent i re standoff assembly is shrouded 

by an aluminum fairing and the basel ine the rma l /me teo ro id protect ion 

subsys tem. 

A typical e l ec t r i ca l feedthrough design is sho'wn at the left end of the dra'wing. 

In this concept, the g lass - sea led e lec t r i ca l feedthroughs which enter the 

hydrogen tank are s tat ical ly sealed to a center face p la te . The face plate 

in this configuration will contain a c lus te r of connectors depending on r equ i re ­

men t s . The plate itself will then be bolted to a single por t in the tank via 

the basel ine dual static seal design. 

Sheet 2 shows a detailed view of the automatic coupling mechanism that is 

used for the l a rge -d i ame te r feed ducting. It c ros ses the plane between the 

propulsion module and the propellant module . The upper half of this sectional 
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view shows the duct in the no rma l position after docking and latching have 

been accomplished. The lower section shows the duct deployed and the 

coupling made . This is accomplished in two steps—first deployment, and 

then coupling, A l inear deployment mechanism is located on the propulsion 

module compensator feed duct. The propulsion module feed duct flange is 

attached to the handling f rame of a floating c ross m e m b e r . This a r r a n g e ­

ment pe rmi t s flange freedom for to lerance absorption during the deployment 

and coupling opera t ions . The flange contains two alignment pilots that 

engage conical guides located on the propellant module feed duct flange. 

The frame corner fitting contains the ball bearing loading nuts that accept 

the four drive s c r e w s . The dr ive screw assembly is hard mounted to the 

propel lant module upper th rus t s t r uc tu r e . When the threaded drive screws 

a r e rotated, the f rame assembly is extended l inear ly the deployment distance 

of 1- 1/2 in . as shown. The screws are chain driven by a worm wheel gearing 

sy s t em using an e lec t r i c motor d r ive . The coupling mechanism located on 

the propellant module feed duct is shown on sheet 3. The automatic coupling 

operat ion is initiated after the deployment operation is completed. This 

mechan ism consis ts of two V-couplings. The coupling sections a re supported 

and operated by left- and right-hand threaded drive s c r e w s . The drive screws 

a r e chain driven by the same worm wheel gearing sys t em. Sealing is accom­

plished by dual p r e s su re - ac tua t ed seals as shown on sheet 2, 

The method used for connection of the e lec t r ica l panels , both at the CCM to 

propel lant module interface and at the propulsion module to propellant module 

in ter face , is shown in Detail A of sheet 1, The initial alignment motion is 

supplied by s t ruc tu ra l docking and latching. Ball bearing screw jacks which 

a r e chain driven by e lec t r ic motors r a i se the lower panel to the first engaged 

posi t ion. This aligns the connectors with their mating almost to within pin 

engagement to lerances without actually engaging the p ins . Position switch 

talkback is obtained before the final pin engagement stroke is init iated. This 

will prevent pin binding and resul t in rel iable mating and demating. The ball 

and jack drive sc rews and motor driving mechanism are s imi lar to that 

descr ibed for the duct deployment sys tem. 
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3.2 STRUCTURES 

A summary of the RNS s t ruc tu ra l design is contained in this subsect ion. 

3 . 2 , 1 Loading Summary 

The RNS Class 1 Hybrid propellant module was designed to comply with the 

Saturn INT-21 prelaunch, launch, and ascent design load envelope for an 

unmanned condition. The loading envelope is shown in Figure 3 , 2 - 1 . The 

module in terfaces with the S-II at Station 2519 and the 30-degree nose cone 

weighing approximately 2,500 lb at Station 3633. The prelaunch condition 

as well as the in-flight wind profile used for the maximum q-a condition was 

based on NASA TMX-53872. Maximum vehicle acce lera t ion of 4,387 g was 

also invest igated. It proved to be the least s eve re of the two launch condi­

t ions . The cu r r en t design loading of 2,540 lb / in . at the S-II interface was 

accommodated by accepting the result ing minimum launch availability of 

84 percent during win te r . 
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The membranes of the propellant module tank were designed for a burs t 

p r e s s u r e of 29 p s i . The maximum compress ion load (335 lb / i n . ) at the base 

of tankage sidewalls occurs during prelaunch when the unpressur ized p r o ­

pellant module is stacked on the launch vehic le . The remaining exter ior 

s t ruc tura l components , the heat blocks and in te r s tage , were designed by 

a max imum q-a condition. 

The MDAC SB-15 computer p r o g r a m was used to generate the miss ion opera­

tion loads with the engine gimballed hard over at 5. 7 degrees under full thrust 

(75,000 lb) . The result ing component design l imit loads a re shown in 

Table 3 . 2 . 1. The propulsion module tankage membranes were designed 

for 30 p s i . 

Table 3. 2. 1 

COMPONENT LIMIT LOADS 

Moment Axial 
Module Component (in. - lb x 10°) Shear (lb) Load (lb) 

Thrus t 0 .74 5,750 69,750 

s t ruc tu re 

Propuls ion 

Intermodule 2 .47 5,120 67,850 
sk i r t 
Intermodule 2 .47 5,120 67,850 
thrus t 
s t ruc tu re 

Propel lant 

Payload 3.42 2,680 16,820 
adapter 

Command and Cylinder 3.42 2,680 16,820 
control 
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3 . 2 . 2 S t ruc tura l Descr ipt ion 

A layout of the Class 1-Hybrid s t ruc tu ra l configuration is shown in Figure 3 . 2 - 2 . 

It is contained on 11 sheets and located at the end of this descr ip t ion so that the 

sheets can be folded out while reading the text , 

3 . 2 . 2 . 1 Prope l lan t Module 

The propel lant tank, fabricated from 2014-T6 aluminum alloy, was sized to 

contain 289, 150 lb of LH^ with a 5 percent ullage vo lume. It consis ts of a 

hemispher ica l forward dome, an integral ly stiffened cyl indrical sect ion, and 

a 10-degree half angle conical aft dome, all fusion but t-welded. The domes 

a r e of monocoque const ruct ion . To compensate for manufacturing to le rances , 

0.005 in . was added to the theore t ica l membrane thickness to a r r i v e at all 

final t h i cknes se s . Weld land thickness was held constant throughout the tank 

to avoid tapered we lds . 

The forward dome is comprised of two Y-r ings and two t i e r s of gore sections 

and has a manhole for access at the pole of the dome (View AA-AA sheet 10). 

The Y-r ing at the equatorial plane shown in view Y sheet 10 has an integrally 

reinforced flange for a t tachment of the forward heat block. The Y-ring at 

the 30 pe rcen t line (View Z sheet 10) also incorporates a flange for payload 

adapter a t tachment . The aft t ier of gore sections has five gores while the 

forward t ier has seven. Machined bosses a r e provided to accommodate the 

supports and penetrat ions requi red for the plumbing h a r d w a r e . Twenty-four 

equally spaced slosh baffle support pads a r e also incorporated in the dome. 

The tank cyl indrical section is comprised of six segments which employ an 

isogr id stiffening pa t t e rn . This pa t te rn , shown in View X sheet 10, consis ts 

of a gr idwork of equi la teral t r iangles over the tank sidewall surface with a 

r ib height of 1.12 i n . , a r ib thickness of 0. 060 in. , and a r ib length of 35 in. 

The membrane thickness is 0. 117 in . The fill and drain line supports attach 

to i n se r t s which a r e instal led in the nodes of the isogrid pa t t e rn . 
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The aft dome consis ts of four components: a t ransi t ion sect ion, a truncated 

cone , a Y- r ing , and a spher ica l cap . The t ransi t ion sect ion, shown in View V 

sheet 9, is ell ipsoidal in shape and provides an integral ly reinforced flange for 

the aft heat block. The t runcated cone consis ts of six gore sections and 

incorpora tes pads for baffle support a t tachment . The Y-ring shown in 

View T sheet 6 has lugs machined into it for the intermodular thrus t s t ruc ture 

a t tachment . Pads a r e incorporated around the lugs to reduce the s t r e s s level 

for the point loads which a re introduced tangentially to the dome surface . The 

spher ica l end cap is fabricated from four gore sections and includes attach 

provis ions for the sump. 

Three slosh baffles and a geyser ing baffle a r e incorporated in the tankage 

des ign. Thei r location is shown in the main view on sheet 1. All four baffles 

lie in station planes with the membranes of the slosh baffles attaching direct ly 

to the tank walls and to r ings which are supported by s t r u t s . The struts which 

incorpora te self-aligning bear ings attach to fittings mounted to inser t s instal led 

in the nodes of the i sogr id pa t te rn at 32 equally spaced per iphera l locations 

around the tank. Nylon cord is used to tie the membranes to both the rings 

and the tank. It is also used as an edge member for the geysering baffle 

membranes and to attach the baffle to fittings mounted to the intermediate 

slosh-baffle ring at eight equally spaced locat ions . 

The forward and aft heat blocks (Views V and Y on sheets 9 and 10) which must 

keep the heat flow into the propellant tank small compared to the heat flow 

through the insulation blanket ( thermal conductance < 1 B t u / h r / ° F ) a re of 

all fiber g lass honeycomb sandwich construct ion. Each heat block consists 

of one ring of five panels spliced together with 0 ,020- in . t i tanium s t raps and 

mechanical f as teners , A typical splice is shown in Section AM-AM on sheet 

10. Channel sections fabricated from fiber glass a re used for panel longi­

tudinal framing m e m b e r s . Machined aluminuna sections are employed for 

the c i rcumferent ia l framing m e m b e r s . The face sheets a re fabricated from 

fiber g lass cloth which has a density of 0, 066 pci, a modulus of 5. 0 x 10 psi , 

and an allowable compress ive yield s t r e s s of 50, 000 psi in the longitudinal 

d i rec t ion . 
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The core is made from NP 1 /4-21-4 .0 , which is an epoxy phenolic hexcel 

core with a density of 4 .0 pcf, HT 424 adhesive is used for bonding the face 

sheets to the c o r e . It has a density of 0. 130 psf per p ly . 

Cutouts a r e provided in the heat blocks at the tunnel ends for the cabling 

runs and the p re s su r i za t i on l ine . The edges of the cutouts a r e potted with 

fiber g lass epoxy and have their skins reinforced local ly. The umbil ical 

panel shown in View Y of sheet 10 is machined from a piece of 2- in . plate 

stock and is bolted to the forward heat block at the heat block/nose cone 

separa t ion p lane . Explosively activated pull pins a r e utilized to at tach it 

to the nose cone . 

As with the heat b locks , fiber glass construct ion is used for the in termodular 

thrus t s t ruc tu re to prevent excessive heat input into the propellant tank. This 

component is protected from the environment during boost by the launch 

in te r s tage so an open-type t russ s t ruc tu re was employed in order to take 

advantage of light weight, low heat t r ans fe r , and easy accessibi l i ty to in ternal 

ins ta l la t ions . The laminated s t rut a r r angement s shown in View U-U of 

sheet 7 consis t of X - m e m b e r subassembl ies compr ised of a cent ra l tubular 

cas t t i tanium splice fitting to which four laminated tubes with tapered 

t i tanium end fittings a r e ins ta l led . A self-aligning bearing is provided in 

each fitting to minimize alignment p r o b l e m s . The laminated s t ru ts a r e 

designed so that the longitudinal fibers r e s i s t the cixial loads, with internal 

and external radia l pl ies providing re inforcement in the c i rcumferent ia l 

d i rec t ion. A closing frame (View S-S on sheet 5) which is basical ly a channel 

section is provided at the aft end of the conical thrus t s t r u c t u r e . It incorp­

o ra te s integral ly machined attach points for the s t ru t s and s t ruc tura l latches 

(Section AD-AD and View AB on sheet 5). Support for the docking cones is 

also included in its design. The docking cones a re stabilized by a pair of 

s t ru t s (Section AC-AC on sheet 5) which attach to the ti tanium splice 

m e m b e r s . 

The payload adapter shown in View Z on sheet 10 which has the same the rma l 

conductance requ i rements as the heat blocks is also of fiber g lass honeycomb 

construct ion. Its construct ion is s imi la r to that of the heat blocks except 
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for the framing m e m b e r s . Because of depth l imi ta t ions , the edges of the 

panels are potted with fiber g lass epoxy. The panels a re spliced together 

in the same manner as that employed for the heat blocks. Section AN-AN 

on sheet 10 depicts a typical splice joint. An integral ly machined frame 

(View AA-AA on sheet 10) which is bas ical ly a channel section is attached 

to the forward end of the adapter . It has provisions for mounting the docking 

probes and s t ruc tu ra l l a t ches . The e lec t r i ca l interface panel and the p ro ­

pellant in-flight refill line coupling a r e attached to this f rame. Stabilization 

of the docking probes is accomplished by pa i r s of s t ru ts that attach to lugs 

machined in the frame and i n se r t s potted into the panels . Local re inforce­

ment is provided around the i n s e r t s . Stabilization of the e lec t r ica l panel 

and the refill line coupling is accomplished in a s imi la r manner except that 

the s t ru t s attach to the inboard edges of these components ra ther than the 

f r ame . Valves for the plumbing ha rdware a re mounted on panels which 

at tach to potted i n s e r t s in the adapter pane ls . 

The in te rs tage (View V on sheet 9), which is jet t isoned when the stage reaches 

orb i t , is fabricated from 7075-T73 aluminum alloy. The outer panel or skin 

is integral ly stiffened with J - sec t ion stiffeners spaced approximately 6 in. 

apar t and has stabilizing frames located 29 in. on cen te r . It is formed from 

six panels that extend the full length of the in ters tage with an integrally 

reinforced cutout for a 2 by 3 ft access door . Integrally machined lips a re 

provided for lap splicing of the panels with mechanical f as teners . 

The field joint with the S-II ut i l izes the existing S-II hole pa t tern . 

Ci rcumferent ia l separat ion with the aft heat block employs a 

design sinailar to that used on the S-IVB in which a tension s t rap is 

severed by a controlled detonating fuse (CDF). Compress ion loads are 

r e s i s t ed by the butt-joint effect. S t ruc tura l support is also provided for 

16 equally spaced t h rus to r s which provide the booster separation impulse . 

The support attach points a re integral ly reinforced to r e s i s t the thrus tor 

loads , 

3 . 2 . 2 . 2 Propuls ion Module 

The maximum size of the propulsion module is governed by the 15-f t -diameter , 

60-ft-long shuttle cargo bay. The tank length was determined by engine 
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length and space allocations for the docking sy s t em and the propellant 

t r ans fe r l i n e s . The d iamete r was defined by the radia t ion-shie ld zone. The 

shadow shield zone half-angle of 10 degrees was generated by extending a 

line from the aft outboard corner of the reac tor through a point tangent to 

the aft dome of the main propellant tank. These const ra ints produced a tank 

with a capacity of 10,850 lb of LHp with a 5-percent ullage volume. The 

tank is fabricated from 2014-T6 aluminum alloy and consis ts of two hemi­

spher ica l domes and an integral ly stiffened cyl indrical sect ion, all fusion 

but t -welded. To compensate for manufacturing t o l e r a nc e s , 0.005 in . was 

added to the theore t ica l thickness to a r r i v e at all final membrane th i cknesses . 

Weld land thickness was held constant throughout the tank to avoid tapered 

welds . 

The one-piece domes a r e of monocoque construct ion fabricated from a 

forging. Integral ly machined attach lugs shown in View B-B on sheet 3 and 

Section F - F on sheet 2 a r e provided on the domes for skir t and thrust s t r u c ­

tu re a t tachment . Pads a r e incorporated around the lugs to reduce the s t r e s s 

level for the point loads which a re introduced tangentially to the dome 

su r f ace . Plumbing, as t r ion ic probe support points and penetrat ions a r e 

integral ly re inforced . Access to the tank in ter ior is provided through a 

manhole shown in View C-C on sheet 4 with a bolted cover at the pole of the 

forward dome. An isogr idpat tern(View R on sheet 3) which has a rib height 

of 0. 560 in. , a r ib thickness of 0. 035 in, , and a r ib length of 10, 130 in, is 

employed to stiffen the cyl indrical section of the tank. The membrane 

thickness is 0.05 1 in. The point level support sys tem and the f i l l -and-drain 

line supports a re attached to inse r t s installed in the nodes of the isogrid 

pa t t e rn . Two slosh baffles and a geysering baffle (View D-D on sheet 2) a re 

instal led inside the tank. Their location is shown in the main view on sheet 1. 

Except for size the slosh baffle design and method of at tachment are identical 

to the baffles in the main propellant tank. The geyser ing baffle is a scaled 

down vers ion of that in the main propellant tank. However, its tension t ies 

at tach to fittings mounted to tank sidewall node i n s e r t s . 
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Since t h e r e i s a low t h e r m a l c o n d u c t a n c e r e q u i r e m e n t for the t h r u s t s t r u c t u r e 

(View A - A on s h e e t 2) and f o r w a r d s k i r t , a n d t h e s e c o m p o n e n t s a r e p r o t e c t e d 

f r o m the l a u n c h e n v i r o n m e n t by the s hu t t l e c a r g o bay , a t r u s s - w o r k of s t r u t s 

(View P - P on s h e e t 4) f a b r i c a t e d f r o m f iber g l a s s w a s s e l e c t e d for t h e i r con­

f i g u r a t i o n . E x c e p t for p h y s i c a l d i m e n s i o n s , t he d e s i g n is i d e n t i c a l to tha t 

e m p l o y e d for the i n t e r m o d u l a r t h r u s t s t r u c t u r e , A r ing f r a m e shown in 

View C - C on s h e e t 4 i s p r o v i d e d at t h e f o r w a r d end of the s k i r t to r e s i s t the 

s t r u t induced r a d i a l o r k ick l o a d s and to s u p p o r t the docking p r o b e s . The 

p r o p e l l a n t feed l ine d i s c o n n e c t and the e l e c t r i c a l i n t e r f a c e pane l a r e a l so 

m o u n t e d on t h i s f r a m e . E a c h c o m p o n e n t i s s t a b i l i z e d by a p a i r of s t r u t s 

(View P - P on s h e e t 4) f a b r i c a t e d f r o m 6 0 6 1 - T 6 a l u m i n u m al loy tubing tha t 

a t t a c h to the f iber g l a s s s t r u t s . A t t a c h lugs shown in View Q on s h e e t 4 

for the s k i r t s t r u t s and s u p p o r t po in t s for the s t r u c t u r a l l a t c h e s a r e m a c h i n e d 

into the r ing f r a m e which i s b a s i c a l l y a channe l s e c t i o n . The t h r u s t s t r u c t u r e 

c l o s i n g f r a m e (View A - A on s h e e t 2) w a s d e s i g n e d to p ick up the 12 equa l ly 

s p a c e d 3 / 4 - i n , - d i a m e t e r a t t a c h po in t s on the 5 6 - i n , - d i a m e t e r bol t c i r c l e of 

the eng ine u p p e r - t h r u s t s t r u c t u r e (UTS), T h i s i s a m a s t e r e d ho le p a t t e r n . 

In o r d e r to p r o v i d e the m o s t d i r e c t load p a t h , the t h r u s t s t r u c t u r e s t r u t s 

a t t a c h to the i n t e r f a c e r ing at t h e s e bo l t l o c a t i o n s . Cu tou t s a r e i n c o r p o r a t e d 

in the r i n g to p r o v i d e c l e a r a n c e for t h e p r o p e l l a n t in le t l i n e s . E l e c t r i c a l 

w i r i n g h a r n e s s e s a r e s u p p o r t e d off the UTS as they t r a v e r s e the i n t e r f a c e 

p l a n e . I n t e g r a l l y m a c h i n e d lugs for a t t a c h m e n t of the t h r u s t s t r u c t u r e s t r u t s 

a r e i n c o r p o r a t e d in the d e s i g n of the f r a m e which is a channe l s e c t i o n . 

3 . 2 . 2 . 3 C o m m a n d and C o n t r o l Module 

The c o m m a n d and c o n t r o l nnodule (CCM) shown in View AO-AO on s h e e t 11 

c o n s i s t s of a c y l i n d r i c a l s e c t i o n plus a s e t of o u t r i g g e r s . S ince the span 

b e t w e e n n o z z l e t ips e x c e e d s 15 ft, t he m o d u l e is naounted wi th i t s ax i s p e r ­

p e n d i c u l a r to tha t of the s h u t t l e . Th i s r e d u c e s the c y l i n d r i c a l s e c t i o n d i a m e t e r 

f r om a p o s s i b l e m a x i m u m of 15 to 13 .78 ft. The c y l i n d r i c a l s e c t i o n is 

f a b r i c a t e d f r o m two 1 8 0 - d e g r e e s e g m e n t s wh ich a r e i n t e g r a l l y s t i f fened with 

an i s o g r i d p a t t e r n (View A P - A P on s h e e t 11) which has a r i b he ight of 

0 . 4 2 0 i n . , a r i b t h i c k n e s s of 0 . 050 i n . , and a r i b l eng th of 4 i n . The 
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m e m b r a n e thickness is 0.025 in . Lips which a re shown in Section AQ-AQ 

on sheet 11, a r e machined into the panel edges for segment joining with 

mechanica l f a s t ene r s . As t r ion ic equipment panels and APS p r e s s u r e bottle 

and accumulator supports attach to i n se r t s installed in nodes of the grid 

pa t t e rn . The integral ly machined closing frames a r e channel sections, but 

include provis ions for attaching docking probes to the forward franne and dock­

ing cones to the aft f r ame . The probes and cones a r e stabilized by pa i r s of 

s t ru t s which attach to the segment gr idwork nodes . The e lec t r i ca l interface 

panels and the propellant in-flight refill line coupling and handling frame also 

mount to the f r a m e s . They a re stabil ized in the same manner as the docking 

probes and cones . The ou t r iggers a r e an open space t r u s s fabricated from 

extruded angles . The four main nnembers which attach to the closing frames 

also attach to a common fitting at the apex of the t r u s s . The APS engines a re 

mounted to this fitting. Meteoroid protect ion is furnished by a 1-in. layer of 

rigid foam and an external fiber g lass cover sheet . The foam is bonded to the 

outside surface of the module . 

The docking subsys tem shown in View AR-AR on sheet 9 consis ts of four 

cyl indr ical probe assembl ies (including shock abso rbe r s and pull- in mechan­

i s m s ) located on one module, and a mating set of drogue cones mounted on the 

other module . The extended portions of the probes have a flexible section 

at the t ip , which is deflected along the cone surface and enters a latch pocket 

at the v e r t e x . The latch pocket contains inclined-plane latching cams which 

a r e spring loaded closed and probe deflected open to accomplish the ca tch . 

P robe r e l ea se is effected by actuating four pull-solenoids to r e t r a c t the 

c a m s . The flexible sections a r e then r e t r ac t ed , pulling the rigid sections 

of the probes into the cones , to align the modules . Fur the r re t rac t ion of the 

probe mechanisms draws the aligned modules into contact . S t ruc tura l latches 

a r e actuated to provide a rigid connection between modules . 

The probe components a r e : the probe casing and flange, the hard probe, 

r e t r a c t o r , flexible probe, probe screw jack, actuator , he l ica l sp r ings , and 

solenoid deactuating operated ra tche t . The hard probe and r e t r a c t o r a re 

concentr ic within the cas ing . The flexible probe is attached to the outer end 

of the r e t r a c t o r . One spring is located between the casing and the hard 
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Figure 3.2-2. Structural Configuration (Sheet 3 of 11) 
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Figure 3.2-2. Structural Configuration (Sheet 6 of 11) 
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probe ; the other between the hard probe and the r e t r a c t o r . The springs tend 

to hold the hard probe and flexible probe in the extended position, but may be 

compres sed ei ther by the screw jack , to r e t r a c t , or by forces due to docking 

impac t . The ra tchet detent prevents rebound. 

Operation of the main dr ive r e t r ac to r motor is initiated when the extended 

flexible probe tip is captured by the latch at the ver tex of the cone. The 

(weaker) r e t r a c t o r spring is compressed f i rs t , drawing the rigid probe into 

the ver tex of the cone. Continued rotation of the screw jack r e t r ac t s the 

hard probe into the casing to pull the modules together . 

The s t ruc tura l latching sys tem shown in View AL-AL and Section W-W on 

sheet 8 is actuated after the docking sys tem has aligned and joined the two 

modules . The hook-type latches a re located at 12 points around the interface 

frame adjacent to the t r u s s ski r ts s t ruc tu re attach points . They a re all 

activated s imultaneously by a single cable driven by a revers ib le drum and 

motor a s sembly . A braking sys tem incorporated in the motor holds the 

latches in e i ther the closed ove r -cen te r or open posi t ions. 

The latch and link assembl ies a re attached to machined supports in the aft 

module interface frame with the axes lying in a radial plane of the f rame. 

Each assembly consis ts of a hook and four l inks . Motion of the hook is con­

trol led by a pin riding in a machined slot in the f rame. Upon actuation, the 

hook t rave l s through c learance holes in the mating frames and engages an 

adjustable s t r i ke r plate mounted on the opposite f rame. The frames are 

locked as the links a re rotated to their over-center position. Unlatching is 

accomplished by revers ing the direct ion of cable t rave l which re turns the 

hook to its no rmal unlocked position. A shear pin is provided at each latch 

for alignment and t r ans fe r of shear loads between modules . 

3 . 2 . 3 Mass and Dynamic P roper t i e s 

Rigid and flexible body proper t i es were prepared for s t ruc tura l dynamics 

and powered flight attitude control ana lyses . These proper t ies were deter ­

mined using the MDAC computer p r o g r a m DA02, Determination of Vibration 
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Modes by K-Matr ix Displacement Method. This p r o g r a m provides the 

normal ized bending deflection, s lope, bending m o m e n t s , and s h e a r s . Rigid-

body m a s s , center of naass , and iner t ia a re also gene ra t ed . Variation of 

these cha rac t e r i s t i c s throughout the miss ion has been es tabl ished. A lunar 

de l ivery payload model of 95, 000-lb in weight and 140-ft long and of uniform 

m a s s dis tr ibut ion was assunned in these ca lcula t ions . The re tu rn payload 

used was uniform and 15, 000-lb in weight and 20-ft long. Table 3 .2-2 sum­

m a r i z e s the rigid and flexible body p roper t i e s obtained. Also shown in 

this table a r e the control a r m s for a forward and aft auxil iary propulsion 

sys t em (APS) location. The forward location of the APS would be in the CCM 

with the aft location on the forward par t of the run tank. 

F igures 3 . 2 - 3 , 3 . 2 - 4 , and 3 .2 -5 p resen t the bending deflections for the first 

th ree m o d e s . These re la t ive deflections a r e normal ized to a value of unity 

at the NERVA gimbal point (Station 100). The atti tude gyros would be located 

in the CCM Station 1651. Plots for normalized bending moments and shears 

and the other loading condition a r e also avai lable . 
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T a b l e 3 . 2 -2 

RNS CLASS 1 HYBRID MASS DATA 

Miss ion P h a s e 
or Loading 
Condit ion 

Vehicle Vehic le 
M a s s Loca t ion Ine r t i a 

( l b - s e c ^ Stat ion About CG 
) N u m b e r ( l b - s e c ^ m. ' - 1 

F i r s t F i r s t Second Second T h i r d T h i r d 
Engine Mode Body Modal Mode Body Modal Mode Body Modal A D C r-
Gimba l Bending M a s s Bending M a s s Bending Mass A P S Con t ro l A r m ( in . ) 
Cont ro l F r e q u e n c y ( I b - i n . " F r e q u e n c y ( l b - in .~ F r e q u e n c y ( I b - i n . " ' F o r w a r d Aft 

A r m (m. ) (Hz) s ec^ ) (Hz) s e c ^ ) (Hz) sec^ ) Loca t ion Loca t ion 

<J1 

E a r t h coas t 
of fully a s s e m b l e d 
veh ic le begin 1,206 
TLI b u r n , 
98 ,000 lb payload 

T r a n s l u n a r coas t 756 
98 ,000 lb payload 

L u n a r o rb i t coas t 
98 , 000- lb payload 655 

Lunar o rb i t coas t 
15, 000- lb payload 440 

T r a n s e a r t h coas t 
15, 000- lb payload 313 

F i n a l e a r t h o rb i t 
coas t 1 5 , 0 0 0 - l b 243 
payload 

1,297 7, 55 X 10 

1,318 7 .43 X 10** 

1,380 

737 

7 2 5 

7 6 5 

1, 197 

1,218 

0 . 4 5 

0 .52 

7.24 X lO" 

1.36 X 10^ 

1. 35 X 10^ 

1 33 X 10® 

1,280 

637 

62 5 

665 

0. 54 

0. 84 

0.93 

1. 19 

3 0 1 

3 5 3 

391 

1,704 

1 7 32 

0 . 9 2 

1 02 

1.03 

4 . 5 

4 . 6 8 

4 . 9 6 

2 , 0 9 2 2 . 8 4 

4 , 8 6 5 

5 , 0 9 9 

195 

3 1 3 

3. 38 

1 0 , 5 8 

3 , 0 0 2 

390 

369 

3.43 

5.79 

5.82 

6.53 

3,842 

1,507 

1 412 

463 

307 

950 

962 

922 

880 

901 

963 

320 

3 1 8 

348 
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3 . 3 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 

T h i s s u b s e c t i o n iden t i f i e s the d e s i g n cond i t ions and d e s c r i b e s the s u b s y s t e m s 

for m e t e o r o i d and t h e r m a l p r o t e c t i o n 

3 . 3 . 1 Des ign Condi t ions 

The 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 of the RNS wil l p r o v i d e at l e a s t a 0 .9974 

p r o b a b i l i t y of no tank p e n e t r a t i o n in one l u n a r m i s s i o n . The m i s s i o n d u r a t i o n 

i s 27 .5 days e m b e d d e d wi th in a 5 4 . 6 - d a y r e p e a t i n g cyc l e m e a s u r e d f rom 

i n i t i a l RNS s t a r t u p in e a r t h o r b i t to c o m p l e t i o n of a f t e rcoo l ing upon r e t u r n to 

e a r t h o r b i t . B a s e d on the a n a l y s e s d e s c r i b e d in Sec t ion 4 . 3 . 3 of Book 1, 

the fol lowing c r i t e r i a a r e e s t a b l i s h e d : 

C r i t e r i o n 

F u l l cyc le (54 .6 days ) 

L u n a r m i s s i o n (27 .5 days ) 

L u n a r m i s s i o n d u r i n g t r a n s i t 
( 9 . 5 days ) 

Su rv iva l P r o b a b i l i t y 

0. 994 

0 .9974 

0 .9987 

An a v e r a g e m i s s i o n s u r f a c e t e m p e r a t u r e of 370°R was adopted for the t h e r m a l 

p r o t e c t i o n s y s t e m d e s i g n . S u r f a c e coa t i ngs a r e c o n s i d e r e d d e g r a d e d by the 

s p a c e e n v i r o n m e n t and a v a l u e of 0. 32 u s e d for a b s o r p t i v i t y and 0. 96 for 

e m i s s i v i t y . The t h e r m a l conduc t iv i ty for D A M / D a c r o n net h i g h - p e r f o r m a n c e 
_5 

i n s u l a t i o n i s 2 . 0 x 10 B t u / h r - f t - ° R for a m i s s i o n t e m p e r a t u r e r a n g e of 

400 to 4 0 ° R . The n a t u r a l l a y e r d e n s i t y of 96 l a y e r s p e r inch is u t i l i z e d . The 
3 

d e n s i t y of the b l anke t i s 4 . 1 l b / f t , e x c l u s i v e of i n s t a l l a t i o n . The h e a t input 

to the t ank i s b a s e d on the p r o p e l l a n t u t i l i z a t i o n h i s t o r y du r ing the m i s s i o n and 

c o n s i d e r s the r e d u c e d h e a t c a p a c i t y of an offloaded t ank . The r e s u l t i n g 

e q u i v a l e n t t i m e s a r e def ined in Sec t ion 4 . 3 . 7 of Book 1 c o n s i d e r i n g p r e m i s s i o n 

and m i s s i o n p h a s e s . The a n a l y s i s in Sec t ion 4 . 3 . 11 of Book 1 i n d i c a t e s tha t 

i t is m o s t e c o n o m i c a l to ven t the t ank in e a r t h o r b i t p r i o r to the m i s s i o n . The 

tank m u s t then be topped off wi th the i n i t i a l condi t ion for the p r o p e l l a n t being 
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Run 

2, 

10, 

, Tank 

590 

964 

230 

85 0 

16 .0 

a p p r o x i m a t e l y 16 p s i a . The t h e r m a l p r o t e c t i o n s y s t e m d e s i g n p a r a m e t e r s 

a r e s u m m a r i z e d as fo l lows: 

P r o p e l l a n t 
Module 

3 
T a n k v o l u m e (ft ) 6 9 , 0 0 0 

2 
T a n k s u r f a c e a r e a (ft ) 9, 706 

2 
H e a t s h o r t i n s u l a t e d a r e a (ft ) 402 

P r o p e l l a n t loading (lb LH2) 289, 15 0 

L H ^ s a t u r a t i o n p r e s s u r e a f te r 16 .0 

topping off (ps ia ) 

F u l l t ank e q u i v a l e n t t i m e (hr) 

B e f o r e m i s s i o n 430 430 

D u r i n g m i s s i o n 1, 190 1, 298 

T o t a l 1,620 1,728 

3 . 3 . 2 S u b s y s t e m D e s c r i p t i o n 

The i n t e g r 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 is shown on 9 s h e e t s in 

F i g u r e 3 . 3 . - 1 . T h i s f igure iden t i f i e s t h e i n s u l a t i o n and m e t e o r o i d p r o t e c t i o n 

c o m p o n e n t s t ha t m a k e up the c o m p l e t e s y s t e m and i s l oca t ed at the end of 

t h i s s u b s e c t i o n to f a c i l i t a t e u s e wh i l e r e a d i n g t h e d e s c r i p t i o n . T h e r m a l 

p r o t e c t i o n for the s t a g e i s p r o v i d e d by t h r e e b l a n k e t s of H P l , and m e t e o r o i d 

p r o t e c t i o n i s f u r n i s h e d by a l a y e r of p o l y u r e t h a n e foam e n c a s e d by a f iber 

g l a s s s h r o u d . 

View AA on s h e e t 2 shows the m a n h o l e c o v e r i n s u l a t i o n and t h e f o r w a r d d o m e 

i n s u l a t i o n which i s m a d e up of 26 p i e - s h a p e d s e g m e n t s . The t h r e e b l anke t s 

tha t m a k e up e a c h s e g m e n t a r e s t a g g e r e d as shown and a r e s u p p o r t e d at the 

p e r i p h e r y of the m a n h o l e c o v e r by nylon s t u d s . The o u t e r e d g e s of the u p p e r ­

m o s t b l a n k e t s a r e l a ced to e a c h o t h e r to hold the e n t i r e a s s e m b l y in the 

p r o p e r p o s i t i o n . E a c h b l anke t of the m a n h o l e c o v e r i n s u l a t i o n i s i n s t a l l e d 
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s e p a r a t e l y , and the c o v e r of the o u t e r m a n h o l e c o v e r i n s u l a t i o n b lanke t i s 

l a c e d to the o u t e r c o v e r of the f o r w a r d d o m e i n s u l a t i o n . T h r e e c o n c e n t r i c 

g a s i n l e t r i n g s supp ly h e l i u m p u r g e g a s to the m a n h o l e and f o r w a r d dome 

HPI b l a n k e t s . T h e s e r i n g s a r e a t t a c h e d to s tuds which a r e suppor t ed by 

f iber g l a s s r i n g s . The i n s u l a t i o n c o v e r s a r e l aced t o g e t h e r as shown in 

View K on s h e e t 2 . 

The 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 a t t a c h m e n t s to the fo rward h e a t 

b lock and the f o r w a r d d o m e a r e shown in View B on s h e e t 3 . The f o r w a r d 

h e a t b l o c k is i n s u l a t e d on bo th s i d e s . The o u t e r i n s u l a t i o n is a p a r t of the 

s i d e w a l l i n s u l a t i o n . The f o r w a r d e d g e s of the t h r e e b l anke t s which m a k e up 

e a c h i n s u l a t i o n p a n e l a r e s t a g g e r e d . The r e l a t i v e l y w a r m o u t e r b l anke t i s 

a t t a c h e d to the w a r m e s t o r f o r w a r d p o r t i o n of the s t r u c t u r e . The r e l a t i v e l y 

cold i n n e r b l anke t i s a t t a c h e d to the aft o r cold po r t i on of the s t r u c t u r e . 

A l l i n s u l a t i o n i s s u p p o r t e d by s tuds i n s e r t e d t h rough the sandwich c o r e of 

the h e a t b lock . The f o a m / f i b e r g l a s s sh roud is de t a i l ed in s u b s e q u e n t v i e w s . 

T h e two i n n e r b l a n k e t s of the forv /ard d o m e - h e a t b lock i n su l a t i on i n t e r s e c t i o n 

a r e s e c u r e d at t he aft edge to s t u d s bonded to the t ank w a l l . The edges of the 

o u t e r b l anke t a r e l a c e d as sho^wn in View K on s h e e t 2 . 

P u r g e g a s i s supp l i ed f r o m an i n l e t l ine n e a r the f o r w a r d edge of the h e a t 

b l o c k and flows to the i n s u l a t i o n v i a p a s s a g e w a y s wi th in the h o n e y c o m b s a n d ­

w i c h s t r u c t u r e . 

A t y p i c a l s i d e w a l 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 pane l and the i n su l a t i on jo in ts 

a r e shown in Views D and E on s h e e t s 4 and 5 . As shown in the m a i n v iew 

of s h e e t 1, the s i d e w a l l i n s u l a t i o n i s d iv ided into t h r e e t i e r s , each of which i s 

d iv ided c i r c u m f e r e n t i a l l y into 26 p a n e l s . E a c h pane l i s a p p r o x i m a t e l y 48 in . 

w ide by 220 i n . long and i s c o m p o s e d of t h r e e HPI b l a n k e t s , a l a y e r of foam, 

and the f iber g l a s s s h r o u d . E a c h b l anke t con ta ins 17 l a y e r s of doubly a l u m i -

n i z e d m y l a r wi th ne t s e p a r a t o r s , s andwiched be tween two face n e t s . The 

face n e t s shown in View D have b o r d e r and long i tud ina l r e in fo rc ing s t r i p s , 

12 i n . c e n t e r to c e n t e r , f o r m e d by i m p r e g n a t i n g the ne t wi th r e s i n . E a c h 

b l a n k e t i s held t o g e t h e r by s m a l l nylon s tuds and but tons loca ted 12 in . on 
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center in the longitudinal and l a te ra l d i rec t ions . The inboard cover net of 

each blanket has four tabs at each end. At the forward end, these tabs 

support the blcinket via four fiber g lass inner connector s t r ips which attach 

to studs on the tank wall . The inner s t r ips continue aft and outboard, through 

the HPI and foann, to the forward end of the fiber g lass shroud. Here they 

a r e attached to and support the shroud. Four fiber g lass outer connector 

s t r ips a re also provided for insulation support . These a re riveted to the 

tabs that a r e located on the aft ends of the cover sheets and extend outboard 

and aft, through the foam, to anchor the aft ends of the panels to the fiber 

g lass shroud. 

The lower view shows a section through the c i rcumferent ia l joint. Each of 

the th ree blaxikets is tapered at the ends to make a lap joint which is approx-

mately 12 in. wide. The inner surface of the foam contains a gr idwork of 

pumpout channels , 6 in. apar t , extending a:xially the length of the sidewall 

and c i rcumferent ia l ly around the tank. These channels in te r sec t l a r g e r -

a r ea headers at the panel joints which, in turn , connect with vent por ts in the 

fiber glass shroud. 

The fiber g lass shroud is shown in View E on sheet 5 . Each panel contains 

two expansion loops which se rve as a tensioning device. On instal lat ion, 

these loops a r e held open by wedges. After instal lat ion, the wedges a re 

removed and the loops c lose . This tensions the shroud and c o m p r e s s e s the 

foam. The reason the shroud is 6 in. n a r r o w e r than the insulation blankets 

is for instal lat ion if the shroud spl ice . As shown in the lower view, which 

is a typical longitudinal joint, a 6-in. section of flexible foam is instal led 

between shroud panels and a fiber g lass splice section riveted to the adjoin­

ing outer shee t s . The the rma l blankets a r e s taggard in the splice a r e a . 

The aft heat block and conical dome insulation a r e shown in View C on 

sheet 3 . Both the inside and the outside of the heat block are insulated. The 

aft t i e r of the tank cylinder insulation and meteroid bumper over lap the heat 

block. The aft ends of the individual insulation blankets are te rminated in 

a s taggered configuration as at the forward heat block. The inside insulation 
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Fi^re 3.3-1. Thermal/Meteoroid Protection Syitem (Sheet 2 of 9) 
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Figure 3.3-1. Thermal/Meteoroid Protection System (Stwet 3 of 9) 
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i s s u p p o r t e d on s tuds a t t he f o r w a r d end of the h e a t b l o c k . The aft d o m e 

i n s u l a t i o n i s s u p p o r t e d by i t s c o v e r s h e e t , and the s h r o u d i s suppo r t ed by 

f i b e r g l a s s s t r a p s f r o m s t u d s w h i c h a r e bonded to the t a n k . The f iber g l a s s 

s t r a p s a r e i n s u l a t e d , as shown, to r e d u c e t h e i r ef fect ive c o n d u c t a n c e . 

View P on s h e e t 6 shows the 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 for the 

pay load a d a p t e r and f o r w a r d d o m e . It i s s i m i l a r to the aft h e a t b lock and 

c o n i c a l d o m e i n s u l a t i o n . Both the i n s i d e and ou t s i de of the payload a d a p t e r 

a r e i n s u l a t e d and the d o m e i n s u l a t i o n and m e t e o r o i d b u m p e r o v e r l a p the 

a d a p t e r . The f o r w a r d ends of the i n s u l a t i o n b l a n k e t s a r e t e r m i n a t e d in a 

s t a g g e r e d c o n f i g u r a t i o n . 

I n s u l a t i o n of the c o m p e n s a t e d be l lows s e c t i o n s i s shown in View S on s h e e t 9 . 

T h e i n s u l a t i o n i s r e t a i n e d by channe l s e c t i o n s welded to the duc t . A s m a l l 

tube i s man i fo lded in to the f o r w a r d c h a n n e l to p u r g e the i n s u l a t i o n dur ing 

g r o u n d h o l d . The i n s u l a t i o n b lanke t i s w r a p p e d a round the g i m b a l s and 

p r e s s u r e v o l u m e c o m p e n s a t o r be l lows and f inal ly t a k e s a U-con f igu ra t i on and 

a t t a c h e s to the aft c h a n n e l m a n i f o l d . The U - o v e r l a p wil l a c c o m m o d a t e the 

l i n e a r d e p l o y m e n t m o t i o n r e q u i r e d for the duc t . The e n t i r e ou te r s u r f a c e of 

the i n s u l a t i o n i s e n c a s e d in a m y l a r p u r g e s l e e v e . 

The i n s u l a t i o n c o n c e p t for the s t r u t s of the i n t e r m o d u l a r t h r u s t s t r u c t u r e i s 

shown in Views F and G on s h e e t s 7 and 8. The d o m e t h e r m a l / m e t e o r o i d 

c o m p o s i t e i s cu t out in a t r i a n g u l a r p a t t e r n at the s t r u t i n t e r s e c t i o n po in t s 

wi th the t h e r m a l b l anke t cu tou t s s t a g g e r e d . I n s u l a t i o n b l anke t s a r e laid up 

a r o u n d the s t r u t s in a s q u a r e p a t t e r n wi th t h e i r edges s t a g g e r e d to m a t c h 

t h o s e of the d o m e t h e r m a l b l a n k e t s . A V - s h a p e d f iber g l a s s / f o a m cove r 

wi th the l eg s of the V hav ing a s q u a r e c r o s s - s e c t i o n i s i n s t a l l ed ove r the 

i n s u l a t e d s t r u t s . It i s r i v e t e d to the d o m e f iber g l a s s s h r o u d . The foam 

t e r m i n a t e s at the edge of the f iber g l a s s c o v e r . Th i s i s a l so the t r a n s i t i o n 

j u n c t u r e w h e r e the i n s u l a t i o n n e c k s down to be w r a p p e d around the s t r u t s . 

T h e b l a n k e t a s s e m b l i e s a r e r e t a i n e d by lac ing the o u t e r b l anke t s in a m a n n e r 

s i m i l a r to tha t shown in View K on s h e e t 2. The b l anke t s t e r m i n a t e in a 
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s taggered configuration at the opposite end as shown in View G on sheet 8. 

The inboard cover net of each blanket has th ree tabs that attach to studs 

bonded to the s t r u t s . A plast ic purge sleeve encases the insulated s t ru t . 

The prelaunch hel ium purge sys tem is shown in the main view on the f irs t 

shee t . It is in tegrated with the s t ruc tu ra l and me teo ro id / t he rma l protection 

s y s t e m s . Purge gas flow, indicated by the a r r o w s , ut i l izes gravity for the 

mos t effective displacement of the h igher-dens i ty res iduals by hel ium. The 

outer fiber glass shroud forms the purge gas container for the cylindrical 

port ions of the vehicle , the payload adapter , the aft end of the hemispher ica l 

dome, and the conical dome. The ex ter ior joints of the shroud are sealed, 

and the vent ports a re closed by means of burs t d iaphragms during prelaunch. 

A plast ic diaphragm is s t re tched ac ross the pole of the forward dome and 

supported by the payload adapter for containnnent of purge gas . 

3 .4 MAIN PROPULSION 

This subsection defines the operating conditions and descr ibes the nn.ain 

propulsion subsys t ems . 

3 . 4 . 1 Operating Conditions 

The ANSC fluid line interfaces with the RNS consist of: (1) feed duct (two 

requ i red , 10 .5- in . d iamete r ) , (2) aftercooling bypass line, 3-in. d iameter , 

and (3) p r e s su ran t line, 2-in. d i amete r . The isolation valves for these 

l ines a re cur rent ly located on the engine side of the engine/s tage in ter face . 

NERVA LH_ flow ra te requiremients for nominal performance are : (1) 

91 .9 l b / s ec for full power and (2) 0.7 l b / s ec during aftercooling pulse . The 

s teady-s ta te operating p r e s s u r e is 26 psia saturated liquid with zero NPSP. 

Reduced flow ra tes a re permi t ted at zero NPSP and saturated liquid accord­

ing to F igure 4 . 5 - 2 in Book 1 to provide autogenous s t a r t capabili ty. The 

RNS also provides propellant conditions for a NERVA malfunction mode at a 

maximum p r e s s u r e of 26 psia . Saturated liquid is provided to the bypass 

line for aftercooling at a p r e s s u r e exceeding 16 ps ia . 
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The NERVA and stage LH-, feed sys tem is chilled down pr io r to operat ion. 

Tank p r e s s u r e s are regulated by a propellant management control system 

according to the p r e s s u r e schedule defined in Section 3. 12. 2 in Book 1. The 

nominal tank p r e s s u r e s for this schedule a re 26. 3 ps ia in the propulsion 

module and 28.7 ps ia in the propel lant module. The vent settings permi t 

this nominal level to be exceeded by 0.3 ps ia . A 40 percent inc rease in the 

main feed sys tem flow ra te is permi t ted to refill the run tank during full-

power operat ion. Separa te expulsion and control p ressur iza t ion functions 

a r e provided at 0.6 and 0 .4 lb/sec of GH^ for use subject to the requi rements 

of the propellant management control sys tem. A flight vent flow rate of 

0.6 l b / s e c is provided. P r e s s u r a n t is delivered to the module p ressur iza t ion 

sys tems at the NERVA tap-off p r e s s u r e of 850 ps ia . Ground vent and relief 

functions a re provided in multiple modes with a maximum flow rate of 

10 l b / s e c provided. A maximum flov/ ra te for orbi ta l refueling of 2, 000 gpm 

is provided. 

3 . 4 . 2 Schematic 

The schematic of the propulsion sys tem for the Class 1 Hybrid RNS is shown 

in F igure 3 . 4 - 1 . The two separa te modules that contain the propulsion 

sys tem e lements , the propulsion module and the propellant module, a re 

shown. The interface plane down the center of the schematic indicates the 

remote coupling interface between these modules . 

The propellant feed sys tem for this vehicle contains two normal ly closed, 

moto r -d r iven shutoff valves located in the propellant module. These two 

8-in. valves a re pa ra l l e l manifolded. During full-power operation, flow 

is introduced to the valve inlet in a p res su re - fed mode from the propellant 

tank and proceeds through a 12-in. -d iameter duct at a flow rate of 91.9 lb / 

sec into the propulsion module run tank. Internal of the propulsion module 

run tank the 12-in. -d iamete r r i s e r duct tees into two 8-in. -d iameter ducts , 

each terminat ing in an 8-in, -d iamete r propellant flow control valve. These 

control valves a re analog type motor -dr iven valves that a re controlled 
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through the data management sys tem using information from liquid level 

s enso r s located in the propulsion module run tank. This sys tem maintains 

a constant propel lant level during s teady-s ta te operat ion. Propel lant out­

flow from the run tank to the NERVA engine is accomplished through two 

separa te tank bottom pene t ra t ions . These 10 - in . -d i ame te r penetrat ions 

exit the tank and a r e close coupled with the two NERVA engine PSOV shutoff 

va lves . Flow proceeds through these shutoff valves to the NERVA engine 

main turbopump in l e t s . All of the stage propel lant control valves a r e sub­

merged and have antivortex and filtration screening at the valve in l e t s . The 

two propellant module shutoff valves and the two propulsion module control 

valves effectively provide a quad-redundant configuration to provide high 

re l iabi l i ty . 

Expulsion p re s su r i za t ion for both the propulsion module run tank and the 

propellant module is accomplished by tapping off 85 0 ps i , 230°R hydrogen 

gas from the NERVA turbine d i scharge . This gas is run through a 

1 -1 /4 - in . -d i ame te r duct ac ross the interface plane to the propellant module. 

At the propulsion module, two flow rate sys tems a re provided: an expulsion 

flow ra te of 0.6 l b / s e c and a controlled flow ra te of 0 .4 l b / s e c . Both of 

these loops use quad-redundant 1 /2 - in . -d iamete r d i rec t -ac t ing solenoid 

valves for control . These valves a re controlled through the data management 

subsys tem using information from s t ra in gage p r e s s u r e - s e n s i n g e lements 

located in the run tank. This bang-bang sys tem provides the flow into the 

propulsion module run tank via two controlling or i f i ces . The same sys tem 

is utilized for the propel lant module with the addition of a l a rge r flow ra te 

capacity required for p r ep re s su r i za t i on . The third flow loop in this sys tem 

is sized for the 4 l b / s e c p rep res su r i za t ion requ i rement which occurs during 

NERVA boots t rap s t a r t . This flow control is accomplished utilizing four 

1 - 1 / 4 - i n . - d i a m e t e r , p i lo t -operated solenoid va lves . These solenoid valves 

a r e indirect ly controlled using the information from s t ra in gage p r e s s u r e sen­

so r s in the ullage of the propellant tank. The other two flow control loops for the 

propellant module a re identical to that used on the propulsion module. Flow 

cal ibrat ion is accomplished through three individual choked orifices as shown. 
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A ground-only p ressur i za t ion loop is also included for the propellant module. 

Ground p re s su r i za t ion is required since the propellant module is launched 

with LH-,. This loop consis ts of a normal ly closed 1 /2 - in . -d iamete r solenoid 

valve and a ground p ressu r i za t ion disconnect . The ground pressur iza t ion 

disconnect is located on the forward umbil ical panel in the forward skir t a r ea 

on the propel lant module. The propulsion module is launched dry so that 

ground p re s su r i za t ion functions a re not requi red . The propulsion module 

contains a simplified monopropellant attitude control sys tem that is used for 

s tabil izat ion during orbi tal assembly of the vehicle. This sys tem is depicted 

in the lower r ight hand corner of the schemat ic . The sys tem uti l izes NERVA 

engine hydrogen gas from the same turbine topoff that is used for p r e s s u r i z a ­

tion. This gas is in the 300°R range and approximately 800 psi , s tored in 

2 5 - i n . - d i a m e t e r t i tanium s p h e r e s . This sys tem is basical ly a blowdown type 

sys tem which pe rmi t s h i g h - p r e s s u r e stored gas to be vented through any one 

of six nozzles located 180 degrees apart in c lus ters of three on the outer 

pe r iphery of the propulsion module. Each of the nozzles is controlled by a 

set of quad-redundant , normal ly closed, 1/4-in. solenoid va lves . The sys tem 

is a rmed by opening the two para l le l mounted, 1 /2 - in . -d iamete r solenoid 

valves at the s torage tank d i scharge . The system has provisions for initial 

ground loading via a ground disconnect and a normal ly closed ground fill 

va lve . The s torage spheres a r e also provided with relief provis ions . A set 

of quad-redundant r echarge d i rec t -ac t ing solenoids connect the spheres to the 

NERVA engine p r e s su ran t gas tap-off. These valves a re actuated to recharge 

the spheres for r e u s e . 

The propulsion module contains a flight vent and relief sys tem. This system 

contains four normal ly closed 2 - 1 / 2 - i n . - d i a m e t e r , pi lot-operated solenoid 

valves located in a quad se t . These valves a re designed for a maximuna 

p r e s s u r a n t inflow of 0.6 l b / s e c . The valves located external of the run tank 

t e rmina te in two propulsive vent nozzles routed 180 degrees apart on the outer 

surface of the upper s t ruc ture of the propulsion module. The vent valves a re 

commanded by the data management subsys tem using information from s t ra in 
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gage p r e s s u r e s e n s o r s . An emergency relief mode is provided by the 

emergency detection sys t em. The same basic sys tem is used for flight 

venting of the propellant module . This sys tem is also sized for an expulsion 

flow r a t e of 0,6 l b / s e c . The 4 l b / s e c s tar tup p rep res su r i za t ion rate was 

not used as the sizing c r i t e r i a for this vent system since the quad-rediindant 

na ture of this sys tem would requ i re a second failure to occur in o rder to 

necess i t a t e ut i l izat ion of a full flow vent sys tem capabil i ty. In addition to 

the flight vent and relief sys tem, the propellant module, which is launched 

wet, r equ i r e s a gro\ind vent and rel ief sys t em. This sys tem contains a vent 

and rel ief valve that is a combination pneumatically controlled vent valve and 

an absolute p r e s s u r e relief valve utilizing a single flow path. Pneumatic 

control capabili ty is a ground-only function. These valves a re used to pe rmi t 

venting of the hydrogen tank during fill and also to provide a p r i m a r y safety 

device in the event of inadver tent p r e s s u r e buildup. A 6-in. -d iamete r duct 

runs from both the vent and relief valve to a disconnect located in the forward 

umbi l ica l panel of the propellant module . In addition, a 1/4-in. pneumatic 

control line is also run to the vent and relief valve. This line provides the 

475-psig hel ium actuation p r e s s u r e for commanded venting. In conjunction 

with the ground vent and relief function, the propellant module contains a 

ground-only fill and drain sys tem. This sys tem uses 4- in . -d iamete r ducting 

and is capable of flowing 3, 000 gpm of hydrogen at a supply p r e s s u r e of 50 ps i . 

Ground fill is accomplished through the forward umbil ical panel and en te rs 

through the ground fill and dra in disconnect . Close coupled to the disconnect 

i s a 4 - in . -d i amete r butterfly type fill and drain va lve . This valve is pneu­

mat ica l ly controlled for ground usage only. As shown, a 1 /4 - in . -d iamete r , 

475-psi hel ium control line is also routed to this valve via a disconnect on 

the umbil ical panel . F r o m the valve a duct runs to the propel lant tank, through 

the tank penetrat ion, and a r i s e r runs along the inside of the tank down to the 

tank bot tom. This r i s e r provides the fill function as well as the expulsion 

drain function. 

The propellant module contains an in-flight refueling sys t em. This sys tem 

consis ts of a fuel t r ans fe r disconnect , a set of moto r -d r iven , quad-redundant 
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control va lves , a flow mete r , an antibackflow check valve, and finally, a 

spray nozz le . The spray nozzle is located in the ullage space of the propel­

lant module . This sys tem is 4 in. in d iameter and has a capacity of 3, 000 gpm 

maximum flow r a t e . This sys tem is utilized for propellant module refueling 

after every round t r i p . Flow is introduced into the tank via the spray nozzle 

to prevent p r e s s u r e surges and over p ressur i za t ion of the tank. Refueling 

is accomplished with the vehicle in a settled condition. The check valve 

located in the sys tem prevents d is turbances from being propagated up through 

the refueling sys tem and el iminates excess ive p r e s s u r e surges in the sys tem. 

A s imi la r sys tem is incorporated in the propulsion module run tank and is 

integrated with the run tank refill sy s t em. The refill system is utilized after 

every NERVA engine burn to refill the propulsion run tank from the propellant 

tank. This sys tem operates in the following manner : two submerged, pa ra l ­

lel mounted moto r -d r iven centrifugal pumps located in the run tank discharge 

through two antiflow check valves into the baseline spray fill refueling sys tem. 

These two pumps intake from the main feedline and discharge into the run 

tank. Fluid is obtained from the 12 - in . -d i ame te r main feed duct through the 

two 8 - i n . - d i a m e t e r propellant shutoff valves located in the propellant tank. 

Antibackflow check valves a r e incorporated at both pump d i scharges , and 

also in the propel lant line tap-off. These check valves prevent pump surges 

and backflow and pe rmi t independent pump operation in the event of a single 

pump fa i lure . 

The propulsion module run tank also contains an integrated engine/s tage 

chilldown conditioning sys tem. This is a closed-loop reci rcula t ion systenn 

using two submerged ac -moto r -d r iven centrifugal pumps located in the bottom 

of the run tank. These pumps intake from the run tank and discharge through 

two antibackflow check valves through a 2-in. -d iameter duct that exits the 

tank and tees to the two main NERVA pump inlet ducts . These lines enter 

below the PSOV va lves . In the conditioning operation the PSOV valves a re 

closed and a flow ra te of 1.5 l b / s ec for each pump is injected into each duct. 

This flow proceeds through the main feed duct to the NERVA turbopumps. 

Ups t ream of these valves the tap-off takes the re turn flow manifolded from 
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both engine pumps to a common re tu rn l ine . The re tu rn line c r o s s e s the 

gimbal plane and flow is introduced back into the run tank via a set of quad-

redundant shutoff valves located on the propulsion module. This flow sys tem 

accompl ishes NERVA engine conditioning. In addition, flow is also introduced 

into the main feed duct r i s e r and directed forward into the propel lant feed 

ducting and up to the isolation valving internal of the propellant module. The 

8-in. -d i ame te r isolat ion valves a re open during this operat ion, thus enabling 

a conditioning of the feed sys tem from the propulsion module run to the 

propel lant module . Each of the ac -mo to r -d r iven centrifugal pumps has a 

nominal capacity of 2 l b / s e c against a p r e s s u r e head of 3.5 ps i a . 

3.5 AUXILIARY PROPULSION 

The axixiliary propulsion sys tem (APS) descr ibed in this section is located 

in the command and control module (CCM) and provides all APS functions 

during RNS operat ion. The stabil izat ion systenn located on the propulsion 

module is only used during vehicle assembly and d i sassembly and was described 

in the las t subsection together with the propulsion sys tem schemat ic . 

3 . 5 . 1 Design Conditions 

The APS provides thrus t for: (1) attitude control during coast phases , (2) 

attitude maneuve r s , (3) attitude control during cooldown thrust ing, (4) separa ­

tion maneuve r s , (5) roll control during nnain engine burns , (6) rendezvous 

mameuvers, and (7) propellant set t l ing. Common storage of propellant for the 

cryogenic fuel cel ls and APS is ut i l ized. Long- t e rm orbi ta l s torage of the 

RNS will be in the loca l -ve r t i ca l , g rav i ty -grad ien t - s tab le orientat ion to mini ­

mize attitude control impulse r e q u i r e m e n t s . 

The impulse budget for attitude control , maneuvers , and propellant settling is 

shown in Table 3 . 5 - 1 . The associated thrus t level r equ i rements a r e 100 lb 

for pitch, ro l l , and yaw; 200 lb for longitudinal maneuve r s , and 3.2 lb for 

propel lant set t l ing. The 100-lb thrus t level requi rement , combined with a 

min imum valve operating t ime of 30 m s e c , yields a 3 Ib - secmin imunn 

impulse bit . 
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Table 3, 5-1 

APS ATTITUDE CONTROL IMPULSE BUDGET 

Impulse 
Maneuver (lb-sec) 

Coast attitude control 1,800 

Attitude maneuvers 145,000 

Attitude control for aftercooling 38, 800 

Separat ion 49,400 

Roll control 11, 300 

Rendezvous 108,000 

Propel lant settl ing 40,000 

Subtotal 394,300 

Contingency (15 percent) 58,700 

Total 453,000 

The APS motor configuration selected in Section 4 . 6 , 2 of Book 1 contains a 

total of ten 50-lb thrus t motors in each of two pods. Rationale for this 

select ion and contingency operating modes is presented in that sect ion. 

In the normal operating mode, two of the 50-lb motors a re used to obtain 

the 100-lb thrus t level . In addition to the 10 attitude control motors , a 

1.6-lb th rus t propel lant settling motor will be provided in each pod. 

3 . 5 . 2 Schematic 

The basel ine cryogenic LO2/LH2 APS sys tem contains two thrus tor pods 

and a cent ra l propel lant supply. The thrus tor pods are located 180 degrees 

apar t mounted on out r iggers which extend 3 ft from the CCM to prevent plume 

impingement . Each pod contains 11 t h r u s t o r s , as discussed in the previous 

subsect ion. Each th rus to r contains quad-redundant control valving. High 

chamber p r e s s u r e th rus to r s a re utilized with film cooling for the nozzles . 
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The cryogenic APS sys tem schemat ic and integrated propel lant s torage for 

fuel cel ls a re shown in F igure 3 .5 -1 located at the end of this subsect ion. 

Gaseous hydrogen and oxygen in the t empe ra tu r e range of 200 to 300°R is 

supplied to the t h rus to r s and fuel cel ls from a central propellant conditioning 

sys t em which uses l o w - p r e s s u r e liquid s torage for both fluids. Gas-dr iven 

centrifugal pumps are utilized in conj\mction with heat exchangers to supply 

the h i g h - p r e s s u r e w a r m gas requi red for th rus tor opera t ion. The gas is then 

s tored in accumula tors at 1, 000 ps ia . Thrus to r s operate from the accumu­

la to r s in a p r e s su re - f ed mode. The fuel cells will also obtain their reac tants 

in a p r e s s u r e - f e d mode from these accumula to r s . Redundant p r e s s u r e 

regu la to rs to reduce the p r e s s u r e to 100 psia are provided for fuel cell 

opera t ion . Liquid hydrogen and liquid oxygen are each s tored in l ow-p re s su re 

tanks at about 20 ps ia . Propel lant orientat ion and acquisition in these tanks 

a r e provided by a surface tension sys t em. Each of the propellant tanks con­

tains a ground-fill sys tem for reac tan t replenishment . Each propel lant tank 

contains a s e r i e s of quad redundant valves that a r e p r e s s u r e - s e n s e actuated 

to provide the ground vent and relief requ i rements during fill. As a backup 

flight rel ief sys tem, a conn.bination burs t disc relief valve is provided in the 

accumulator sys tem to compensate for any o v e r p r e s s u r e in the accumulator . 

This uses a p r e s s u r e - d r i v e n piston which forces a cutting edge through the 

bu r s t d i s c . The burst disc is backed up with a relief va lve . The propellant 

tanks also contain an expulsion p ressu r i za t ion sys tem which is utilized to 

feed propel lant to the tu rbopumps . This expulsion p r e s s u r a n t is obtained by 

tapping off from the accunnulators in the sys tem. Control is provided by a 

bang-bang p r e s s u r e sensor control sys t em. A quad set of valves is utilized 

for this function. 

The bas ic propellant conditioning loop opera tes as follows: l ow-p re s su re 

propel lant is expelled from the s torage tank through a shutoff valve to the 

turbopump inlet . The turbo portion of the pump is driven by the exhaust gas 

products of a gas genera to r . The gas genera tor has two control valves and 

obtains i ts propellants by tapping off from the accumula to r s . The gas generator 

is igniter actuated. H igh -p re s su re liquid then leaves the turbopumps via an 
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an t iback f low c h e c k v a l v e , which p r e v e n t s d i s t u r b a n c e s f rom being t r a n s m i t t e d 

b a c k to the p u m p , and flows t h r o u g h a h e a t e x c h a n g e r wh ich i s an i n t e g r a l 

p a r t on the g a s g e n e r a t o r . T h i s h e a t e x c h a n g e r p r o v i d e s the h i g h - t e m p e r a t u r e 

g a s r e q u i r e d to be s t o r e d in the a c c u m u l a t o r . The LO^ and h y d r o g e n s y s t e m s 

e a c h h a v e a c o m p l e t e l y r e d u n d a n t p r o p e l l a n t condi t ioning l o o p . The r edundan t 

loop i s a s t a n d b y l oop . Any f a i l u r e in the p r i m a r y o p e r a t i o n a l loop is de t ec t ed 

by t h e i nab i l i t y of the a c c u m u l a t o r in t ha t loop to be ab le to be r e c h a r g e d to the 

r e q u i r e d p r e s s u r e . In the even t of t h i s type of f a i l u r e , the a c t i v e loop i s then 

i s o l a t e d by s q u i b - o p e r a t e d i s o l a t i o n v a l v e s and the second o r s tandby loop 

i s a c t i v a t e d . 

The a c c u m u l a t o r s d i s c h a r g e t h r o u g h i s o l a t i o n v a l v e s and then p r e s s u r e r e g u ­

l a t o r s to a c e n t r a l man i fo ld tha t s u p p l i e s the r e a c t a n t s at the p r o p e r p r e s s u r e 

for a l l t h r u s t o r o p e r a t i o n s . The t h r u s t o r s y s t e m and the fuel c e l l s o p e r a t e in 

a p r e s s u r e - f e d m o d e us ing the r e g u l a t e d g a s e o u s p r o p e l l a n t f rom the a c c u m u ­

l a t o r . When the a c c u m u l a t o r p r e s s u r e d r o p s below a p r e s e t l e v e l , the con­

d i t ion ing s y s t e m is t u r n e d on , g a s g e n e r a t o r i g n i t e r s a c t u a t e d , and a r e c h a r g e 

of the a c c u m u l a t o r i s i n i t i a t e d . P r o p e l l a n t i s admi t t ed to the gas g e n e r a t o r 

p r o v i d i n g the e n e r g y to s t a r t the t u r b o p u m p and to w a r m the hea t e x c h a n g e r . 

When the p u m p and h e a t e x c h a n g e r have r e a c h e d o p e r a t i n g condi t ion , p r o ­

p e l l a n t i s adnnit ted to the condi t ion ing s y s t e m f rom the p r e s s u r e s t o r a g e t ank . 

The condi t ion ing s y s t e m con t inues to o p e r a t e unt i l the p r e d e t e r m i n e d upper 

p r e s s u r e l e v e l i s r e a c h e d in the a c c u m u l a t o r . The s y s t e m h a s been s i zed 

for t h e t o t a l RNS i m p u l s e r e q u i r e m e n t 455 , 000 l b - s e c u t i l i z ing an I sp of 365 sec 

and a m i x t u r e r a t i o of 4. To s a t i s i f y t h i s t o t a l i m p u l s e , 1, 250 lb of p r o p e l l a n t 

a r e r e q u i r e d : 260 lb of h y d r o g e n and 1, 000 lb of oxygen . F o r the fuel ce l l 

r e q u i r e m e n t , 265 lb of p r o p e l l a n t i s p r o v i d e d (28 lb of h y d r o g e n and 228 lb 

of o x y g e n ) . T h i s b r i n g s the to t a l r e q u i r e m e n t to 278 lb of h y d r o g e n and 

1, 228 lb of oxygen . 

The s t o r a g e t a n k s w e r e d e s i g n e d to a 3 0 - p s i a p r e s s u r e . The a c c u m u l a t o r s 

w e r e s i z e d to h a n d l e the 16 ,400 l b - s e c i m p u l s e , suff ic ient for two of the l a r g e s t 

a t t i t ude m a n e u v e r s in s e q u e n c e . The p r o p e l l a n t condi t ioning systenn i s s ized 

to o p e r a t e on a cont inuous m a k e u p b a s i s . 
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3.6 ASTRIONICS 

A block d iag ram of the as t r ionics sys tem is shown in Figure 3 . 6 - 1 . 

Capability is provided for autonomous miss ion per formance , including navi­

gation, guidance, control , e l ec t r i ca l power, and emergency fault detection. 

The sys tem a rch i t ec tu re is charac te r ized by the use of a data bus for in ter ­

module and in t e r subsys t em communicat ion. A data bus t e rmina l dedicated 

to NDICE components on the propulsion module uses the stage data bus to 

communicate with the NDICE p r o c e s s o r located forward in the command and 

control module . 

Each subsys tem ftinction is controlled via signals sent through the data bus 

which a re locally decoded. Data requi red for checkout and operat ion of the 

subsys tem is accumulated through the normal RNS inst rumentat ion channels 

and routed to the p roces so r in encoded form to provide monitoring and control. 

F o r the operat ional RNS, a requi rement for 732 channels of ins t rumentat ion 

(including NERVA) with a frequency response of 8,800 samples per second 

has been es tab l i shed . Development vehicles would use 1, 152 channels and 

about a 5-fold inc rease in frequency r e sponse . Data to be sent to ground 

a r e routed through the conamand and control data bus t e rmina l to the PCM 

encoder where address ing and framing is accomplished pr ior to PSK-

modulated t r ansmi s s ion on the 1.024 MHz te lemet ry s u b c a r r i e r of an S-band 

channel like the I, 287. 5-MHz c a r r i e r . In ear th orbit the data a r e s tored betw^een 
3 

ground stat ions and dumped at a minimum ra te of 8.3 x 10 b i t s / s e c based on 

160 minutes per day viewing t ime . At lunar dis tances , the continuous minimum 

ra te is 900 b i t s / s e c . 

The t ransponder responds to in terrogat ions from the ground and uti l izes the 

antenna components in the command and control subsys tem. Uplink commands 

received from the ground a re decoded and routed to centra l p r o c e s s o r for 

action. 

The emergency detection sys tem (EDS) p roces so r accepts hardl ine signals 

from each of the cr i t ica l fianctions in the var ious modules and has the capa­

bility of independently providing controlling signals to c o r r e c t situations 
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without ass i s t ance of the cent ra l p r o c e s s o r . The action taken is 

communicated to the central p roce s so r in the form of an a l e r t . Control is 

effected by the EDS using d i rec t action through the control lers in the various 

modules . Crew control can be exerc i sed through the EDS for manned miss ions , 

3 . 6 . 1 Navigation and Guidance 

The autonomous basel ine navigation and guidance subsys tem for the RNS is 

shown in F igure 3 . 6 - 2 . An unknown landmark t r acker is used as the p r i m a r y 

navigation sensor in conjunction with a strapdown IMU. This sensor and a s soc i ­

ated e lec t ron ics a re capable of landmark selection and t racking including 

cor re la t ion of intensity pat tern and generat ion of scanning s igna ls . The indi­

cation of landmark acquisi t ion and gimbal angles at the t ime of acquisi t ion can 

be s tored in the optical buffer until the p roces so r is ready for that information. 

The p r o c e s s o r de te rmines navigation p a r a m e t e r s from this da ta . 

A hor izon sensor of the conical scanning type is used for coarse navigation, 

backup attitude control , and initial orbit determinat ion after wakeup. Two 

ACCELEROMETERS 

GYROS 

STARTRACKER 
OPTICS 

STARTRACKER 
GIMBAL ENCODER 
AND TORQUES 

LANDMARK 
TRACKER 

GIMBAL ANGLE 
ENCODER & 
TORQUER 

HORIZON 
SENSOR 

GIMBALENCODE 
& TORQUER 

ERROR REBALANCE 

ERROR REBALANCE 

NULL AND 
INTENSITY 

SCAN AN[ )TRACK 5 

CONTROL & 
REBALANCE 
ELECTRONICS 

CONTROL & 
REBALANCE 
ELECTRONICS 

CONTROL 
ELECTRONICS 

GNAL5 

AV PULSES 

PULSE5 

^ 

i 

IMU 
BUFER 

i 1 

"INTENSITY, AZIMUTH, ' 
ELEVATION STAR 
StLtUllUNAND 

INTENSIT 

coriMT 

Y PATTERN 

GIMBAL 
ANGLE 

SCAN 
GENERATOR & 
CORRELATOR 

INITIAL ANGL 

LANDMARK 
ArniiKiTinM 

ES , r 

OPTICAL 
BUFER 

' 
i l X U M I r ^ ^ x " • • ' • • • « • ' 
TRACK READOUT AND ANGLES 
C I O I k l « l c 
JIUIMAL^ 

^ 
GIMBAL; 

INhKAKtl 
SENSED 
DATA ^ 

\NGLES 

CONTROL 
ELECTRONICS ANGLE STOHO RIZOI 

t. 

\l 

N & G 
DBT 

LASER RADAR 

TRANSPONDER 

DcrciMca 
\UV>kl VLfV 

Figure 3 . 6 - 2 NAVIGATION AND GUIDANCE BLOCK DIAGRAM 

106 

file:///NGLES


r o t a t i n g s e n s o r h e a d s a r e u t i l i z e d . The e n t i r e s e n s o r is moun ted on g i m b a l s 

p e r m i t t i n g e a s i e r a c q u i s i t i o n of the e a r t h du r ing a wakeup p h a s e of o p e r a t i o n . 

The t i m e s of c r o s s i n g s of the h o r i z o n s e n s o r l ine of s ight of the e a r t h h o r i z o n 

a r e u s e d to a c c o m p l i s h the e s t i m a t e of the loca l v e r t i c a l d i r e c t i o n . Th i s 

i n f o r m a t i o n can be r e a d into the o p t i c a l buffer w h e r e it is p r e p a r e d for the 

da ta bus t r a n s f e r to the RNS p r o c e s s o r . 

A c c e l e r o m e t e r s a r e u sed to upda te o r b i t p a r a m e t e r s , d e t e r m i n e the gu idance 

c o m m a n d s , and for i m p u l s e m a n a g e m e n t . Two r a n g e s a r e p r o v i d e d to a l low 

for m e a s u r e m e n t s at both full t h r u s t and du r ing a f t e r c o o l i n g . The a c c e l e r ­

o m e t e r s a r e r e b a l a n c e d by e l e c t r o n i c s loca t ed on o r ad jacen t to the s e n s o r . 

The r e b a l a n c e p u l s e s a r e a c c u m u l a t e d in an IMU buffer , which c o m m u n i c a t e s 

with the c e n t r a l p r o c e s s o r t h r o u g h the da t a b u s . 

S ta r t r a c k e r s a r e u s e d a s the p r i m a r y a t t i t ude s e n s o r . Two s t a r t r a c k e r s a r e 

inc luded a s a p a r t of the a u t o n o m o u s s y s t e m . Each is mounted on a se t of 

g i m b a l s . The s t a r t r a c k i n g op t i c s and d e t e c t o r p rov ide an e r r o r s igna l to 

t o r q u e the g i m b a l s . The i n t e n s i t y of the s t a r be ing t r a c k e d is a l s o m e a s u r e d . 

The g i m b a l a n g l e s and s t a r s i g n a l i n t e n s i t y can be r e a d by the op t i ca l i npu t / 

output buf fe r , and s t o r e d unt i l t he p r o c e s s o r is r e a d y for the i n f o r m a t i o n . 

S e a r c h c o m m a n d s a r e g e n e r a t e d in the p r o c e s s o r and sent to the s t a r t r a c k e r 

g i m b a l s w h e r e the c o m m a n d s a r e r e d u c e d to g i m b a l angle s i g n a l s for the s t a r 

t r a c k e r g i m b a l s . B a l l - b e a r i n g g y r o s a r e u sed for s h o r t t e r m a t t i tude r e f e r ­

e n c e . T h e g y r o s a r e r e b a l a n c e d by t h e e l e c t r o n i c s which a r e m o u n t e d on o r 

n e a r the g y r o s e n s o r . The gy ro r e b a l a n c e p u l s e s a r e a c c u m u l a t e d in the 

IMU b u f f e r . The g y r o s (and a c c e l e r o m e t e r s ) a r e moun ted in a r edundan t 

d o d e c a h e d r o n s t r a p d o w n c o n f i g u r a t i o n . 

A t r a n s p o n d e r and r e c e i v e r a r e inc luded to a l low for g round t r a c k i n g and 

g round c o m m a n d s , and dual s cann ing l a s e r r a d a r s y s t e m s p r o v i d e r a n g e , 

r a n g e r a t e and o r i e n t a t i o n da ta for a c t i v e r e n d e z v o u s and docking o p e r a t i o n s . 

A m i n i m u m s t a b i l i z a t i o n and c o n t r o l c apab i l i t y is p r o v i d e d a s p a r t of the 

p r o p u l s i o n m o d u l e to p r o v i d e s t a b l e RNS o r i e n t a t i o n dur ing a s s e m b l y and 

CCM r e p l a c e m e n t . Th i s c o n s i s t s of t h r e e g y r o s and the a s s o c i a t e d c o n t r o l 

p a c k a g e for the a m b i e n t gas A P S . 
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3 . 6 . 2 E l e c t r i c a l Power 

Redundant fuel cel ls supply 28-vdc p r i m a r y power for the RNS. Two regulated 

cap i l la ry ma t r i x type alkaline cells of 2-kw capacity each have been selected 

consis tent with the space shuttle fuel cell to be developed. Secondary power 

is supplied by rechargeable Ag-Zn b a t t e r i e s . The ac power requ i rements 

a r e satisfied by the use of i n v e r t e r s . 

The fuel ce l l s , control , and rechargeab le peaking ba t te r ies a re located in the 

CCM. The reac tan t s torage is shared with the cryogenic APS . The tap-off 

from the APS accumulators which s to res gas at 1, 000 psi and 300°R, will be 

regulated to about 100 psi and conditioned by the fuel cell to between 460 and 

620°R. A ba t te ry is located on the propulsion module to regulate module 

power and satisfy peak module demands during engine opera t ion. During 

refurbishment , when the CCM is not attached to the RNS, this bat tery supplies 

power to moni tor , command, and control the RNS or the propulsion module. 

A block d iag ram of the e lec t r ica l power subsys tem is shown in F igure 3 . 6 - 3 . 

3 . 6 . 3 Data Management 

A centra l ized p roces so r approach using a data bus concept and an autonomous 

engine control p roces so r was selected for this subsys tem. The RNS p rocesso r 

sys t em a rch i t ec tu re util izes redundant p roces so r in a 1 + 1 configuration. The 

fai lure of the p r i m a r y p roces so r allows for the switchover to the secondary 

p r o c e s s o r without loss of nnission object ives . The p r i m a r y responsibi l i ty of 

the secondary p roces so r is to remain in synchronization to allow^ for an 

efficient t r ans fe r of control . The p r o c e s s o r and data bus configuration is 

shown in F igure 3. 6-4. A shared section of memory is provided to insure 

switchover to the secondary compute r . Bulk s torage capabili ty is also 

allowed for . The radiat ion environment is not constraining for the p ro ­

c e s s o r s which will be located forward in the CCM. 

The ins t rumenta t ion subsys tem provides the p r imary source of data for all 

miss ion operat ions and checkout. This accomplished by the use of local 

signal conditioning in each module and a group of l6-channel mul t ip lexers 

with a digi t izer associa ted with each mul t ip lexer . Once digitized, the data 
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a r e put on the data bus for use by the centra l p r o c e s s o r . The generation of 

commands throughout the vehicle is accomplished by encoded signals sent 

on the data bus and decoded locally in each module. The decode logic then 

dr ives a control ler which acts as power amplif iers that have the capability 

of energizing the function to be control led. Should it be required to hold a 

pa r t i cu la r function, the control ler will provide memory or latching and a 

second command will be requi red to unlatch the functions. This approach 

is s tandardized throughout the vehicle and localized to each module. 

The limiting requ i rement for the RNS data management function appears to 

be the rel iabi l i ty of the p roces so r and the ability to provide for an efficient 

switchover to a backup p r o c e s s o r . 

3 . 6 . 3 . 1 P r o c e s s o r Requi rements 

Each p roces so r has a re l iabi l i ty requi rement of about 38, 500 hours mean 

t ime before fa i lu re . This likely will requi re internal redundancy. The total 

peak process ing requ i rement s for the RNS a re about 241, 000 equivalent adds / 

sec exclusive of engine control . This corresponds to a 4-\isec add t ime . 

The high-speed, r a n d o m - a c c e s s s torage requi rement is about 32, 000 words 

which provides about 5, 000 words of procedure in dynamic s to rage . The bulk 

s torage requ i rement is 70, 000 words; however, the sensitivity to this 

r equ i rement is smal l as a magnetic tape or s imi lar high capacity s torage 

device is postulated. 

The major r equ i rements for the RNS p rocesso r a re for data compress ion, 

navigation, guidance and control , and the overhead for the executive functions. 

The ea r ly es t imates of the NERVA engine control process ing requi rements 

to meet present specifications a re substantial ly above the current stage 

requ i rements . 

3 . 6. 3.2 Data Bus 

The selected data bus concept is fundamentally the t ime sharing of a single 

digital line to t r ansmi t data between modules and subsys tems . Several data 

bus approaches a r e present ly under development. A data bus concept 
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compatible with the space shuttle is requi red because of physical 

interconnect ion during as sembly and maintenance opera t ions . The present 

developmental efforts use from 1 to 3 lines and have t rans fe r ra tes from 

1 to 5 MHz with ei ther Manchester or bipolar f o r m a t s . 

Any of the data bus implementat ions present ly under development would 

satisfy the requiremient of the RNS based on the requ i rement for the RNS 

developnaental vehicle of 0.5 x 10 bits per second. It is expected that the 

data bus concept selected for the leading p rog rams such as the space shuttle 

will be used for the RNS. Eight data bus t e rmina l s a r e r equ i red . Although 

the data bus cont ro l ler can be implemented in e i ther ha rdware or software, 

the process ing requ i rement s for the RNS assumed software as the wors t case , 

3.7 RADIATION ENVIRONMENT 

The radiation environment was defined during engine operat ion and after 

shutdown. These resu l t s were applied for: (1) radiat ion effects on the mater ­

i a l s , components, and subsys tems in the RNS; (2) nuclear heating of the 

propellant; and (3) orbi ta l maintenance opera t ions . 

The PATCH point ke rne l code descr ibed in Section 4 . 5 . 11 of Book 1 was used 

in the definition of the radiat ion levels ex te r ior to the engine. Data on engine 

radiat ion sources during r eac to r operat ion were based on the May 1969 

Common Radiation Analysis Model (Reference 1) as modified by Reference 2 . 

1. A . D . Wilcox, B . A . Lindsey and M. A. Capo (WANL), "NERVA-Flight-
Engine Common Radiation—Analysis Model, "RN-TM-0583, Aerojet 
General Corporat ion (May 1969). 

2 . "Final Report of Shield System Trade Study, " S054-023, Volume I, 
Book 2, Aerojet Nuclear Systems Co. (July 1970). 
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The integrated gamma and fast neutron doses a re shown in F igure 3 .7-1 

following 52 minutes of NERVA operat ion at 1,575 Mw. Figure 3 .7-2 shows 

the t ime to accumulate a dose of 1 r em at 2 different t imes after final shut­

down. A schemat ic represen ta t ion of total i r radia t ion over the full RNS 

lifetime is shown on F igure 3 .7-3 for regions of in te res t in assess ing equip­

ment suitabil i ty. The levels cited a re the maximum encountered in the region. 

3.8 RELIABILITY 

The rel iabil i ty analysis for this phase of the RNS project consisted of a 

fai lure mode effects analysis followed by a cr i t ical i ty analys is . The overal l 

resu l t s produced a re l iabi l i ty predict ion of 0.9576 for the Class I Hybrid 

conapared with a 0.9750 rel iabi l i ty goal. Values are for the active portions 

of the miss ion which a r e the sum of (1) the t ime from the initiation of engine 

operat ion for t r ans lunar injection burn to the completion of cooldown in lunar 

orbi t and (2) the t ime from the initiation of engine operation for the burn of 

the t r ansea r th t r ans fe r maneuver to the completion of cooldown in ear th 

o rb i t . These predict ions must be considered pre l iminary at this point in the 

HEOTROI FLUSHCE (HVT iO.U HEV) OA>!MA DOSE (BADS) 

Figure 3.7-1 RADIATION EMVIRONMEMT INTEGRATED OVER 52 MINUTES 
OF NERVA OPERATION AT 15T5 MW 
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design cycle . The predict ions a re based on a single failure analysis , and 

some designs a r e not sufficiently detailed to do a detailed rel iabil i ty analys is . 

Adequate failure ra tes a re lacking for some components and some specific 

fai lure modes a re quest ionable. 

The rel iabil i ty allocations for the Class 1 Hybrid modules , sys tems , and 

subsys tems a re shown in Table 3 . 8 - 1 . The equivalent rel iabil i ty predict ions 

a r e given in Table 3 . 8 - 2 . In severa l a r eas the rel iabil i ty allocations were 

used as the predict ion for s t ruc tu re , safety, and a prediction of 0.9950 was 

used for the NERVA. The NSF in the table indicates that there a r e no 

identifiable single fai lures in the corresponding subsys tem. 

The detailed rel iabi l i ty and safety analyses with the specific failure mode 

effects analysis worksheets and the specifics on the cri t ical i ty analysis 

(prediction analysis) a r e given in Volume VI. 
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Section 4 

PROPULSION MODULE 

This section contains a descr ipt ion of the propulsion module start ing with a 

summary of the overa l l module configuration and concluding with a listing of 

the module hard-ware orgainzed according to the sys tem provided in the study 

guidelines. 

4. 1 CONFIGURATION 

The propulsion module consis ts of the NERVA plus a run tank together with 

subsys tems to pe r fo rm docking, module latching, propellant feed, flight vent 

p res su r i za t ion , orbi ta l refueling, engine stage chilldown, and attitude 

control . 

The module shown in F igure 4, 1-1 is t ranspor ted to earth orbit by the space 

shutt le. After it is deployed it ut i l izes its attitude control system for 

stabilization while being docked with the propellant module. Docking drogues 

(cones) and s t ruc tu ra l la tches a re incorporated in the forward skir t . Power 

for docking and latching is supplied by a low capacity Ag-Zn bat tery which is 

recharged by the fuel cel ls contained in the CCM, 

The tank d iameter was defined by the radiation shield zone. The shadow 

shield zone half angle of 10 degrees was generated by extending a line from 

the aft outboard corne r of the reac tor through a point tangent to the aft dome 

of the main propellant tank. The tank sidewalls a re integrally reinforced 

-with an isotropic grid pa t tern to prevent bucking during engine operation. 

The domes a r e hemisphe r i ca l with the feed line offset a maximum in order 

to obtain the longest tank while still penetrat ing the dome normal to its 

surface . Lugs a r e machined in the domes for at tachment of the thrus t 

s t ruc tu re and forw^ard sk i r t fiber g lass X-member strut a s sembl ies . 
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Fibe r glass was uti l ized to minimize heat flow into the propellant tank. 

T h e r m a l protect ion of the tank is provided by three blankets of DAM/net 

insulation, Meteoroid protect ion is provided by a 2-in. layer of foam 

encased by a 0. 010-in. - thick fiber g lass shroud. 

The main feed duct or iginates at the naodule interface and contains two 

gimbal joints and a p r e s s u r e volume compensator , and has capability for 

l inear deployment to accompl ish automatic assembly . The 12-in. feed duct 

pene t ra tes the forward dome, runs the ent i re length of the tank, and t e r m i ­

nates with two 8-in. -d i ame te r control valves. Propel lant outlet is through 

two 10-in. -d i amete r ducts to which the NERVA PSOV valves a r e mounted. 

Inlet to these l ines is through an antivortexing fi l trat ion screen . The flight 

vent sys tem penet ra tes the tank in the ullage region and has its quad-redundant 

valving mounted to the forward skir t . The external p res su r i za t ion line runs 

the full length of the tank and has a conventional quick-disconnect coupling at 

the aft end which mounts to cus tomer connect panel at the NERVA interface. 

The forw^ard end of the line pene t ra tes the dome in the ullage region and 

t e rmina te s in a p r e s s u r a n t diffuser which ut i l izes a nylon bag to prevent 

p r e s s u r a n t impingement and ullage collapse. 

A t^vo-level flow control p res su r i za t ion system is employed which contains 

separa te sets of quad-redundant valves mounted to the forward skir t . The 

integrated engine/s tage chilldow^n conditioning sys tem is submerged in the 

aft dome region of the tank. It consis ts of two para l le l motor driven pumps 

whose d ischarge is routed to both the NERVA interface and the RNS feed 

sys tem. Tw^o additional motor -d r iven centrifugal pumps a re mounted in the 

tank bottom. They a re util ized in conjunction with the orbital refueling 

sys tem to enable refilling of the run tank from the propellant module. The 

detai ls of all c ros s interface plumbing from the NERVA to the propulsion 

module a re defined in Section 7 (NERVA interface). 

The module contains a simplified gas attitude control sys t em which is 

recharged by hydrogen gas f rom the NERVA engine. Tap-off is accomplished 

in the same manner as the expulsion p r e s su ran t gas. The sys tem is basical ly 

a blov/doAvn type sys tem which pe rmi t s h i g h - p r e s s u r e gas to be vented to any 
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of the atti tude control nozzles . The sys tem is a rmed by opening two para l le l 

mounted solenoid valves on the s torage tank discharge . A simple control 

sys t em incorporat ing gyros and control logic is provided. 

The as t r ionic equipnnent is effectively shielded from the radiation environ­

ment by the r\in tank. Signal conditioning, multiplexing, and digi t izers for 

instrumentat ion; command decode and d r ive r s and data bus te rmina ls a re 

physically mounted on this module. Flight readiness of the module is de te r ­

mined utilizing the capability of the onboard checkout sys tem in the CCM via 

the data bus. Since the propulsion module is a space resident e lement , fault 

predict ion s enso r s a r e included and replacement is on an unscheduled b a s i s - -

only upon the occur rence of a fai lure. Additionally, the NERVA engine 

checkout will be performed by NDICE. 

The data bus t r a n s f e r s instrumentat ion and command information in digital 

fo rm between the CCM and the propulsion module. DC p r i m a r y power is 

distr ibuted and used in the module e lec t romechanica l functions. Local 

inve r t e r s a r e used for a c -mo to r -d r iven valves. EDS is used to gather 

information on c r i t i ca l p a r a m e t e r s and dis t r ibute safing commands. Para l le l 

wiring sys tems a re employed with flat cable used for the majori ty of functions 

ca r r i ed between the PVARA and the top of the run tank. Round ribbon cable 

is employed for functions in the engine a rea . An external tunnel is provided 

along the run tank. 

4. 2 HARDWARE TREE 

A descr ipt ion of the equipment contained in the propulsion module, including 

the specific design condition and the weight is contained in this subsection. 

The organization and numbering format is that given in the study guidelines. 
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Propuls ion Module Hardware T r e e 

Descr ipt ion 

Design 
Condit ions/ 

Requi rements Weight (lb) 

2. 00 St ruc ture 

2. 01 Propel lant Tank-2014-T6 
Aluminum 

• Fo rward dome—hemispherical, 
monocoque construct ion, 
0. 029 in. thick by l60-in. 
d iameter by 80 in. long, one-
piece dome, forging 

• Aft dome—same as forw^ard 
dome 

570 

30 psia at end 
of burn 

30 psia at end 
of burn 

2. 02 

Cylinder—integrally stiffened 
60-degree w^affle, membrane 
thickness 0. 051 in. , r ib 
height 0. 561 in. , r ib length 
10. 13 in. , r ib thickness 
0. 035 in. , l60-in. d iameter 
by 116 in. long, 2 segments , 
each segment fabr icates from 
0. 7 50 in. X 10 ft X 22 ft plate. 

I 103 ft of w^elding including 
domes. 

Engine Thrus t Structure—fiber 
g l a s s , space t r u s s t runcated 
cone, aft d iameter 60 in. , 
forward d iamete r 45 in. , 
length 45 in. , 24 tubular s t ruts 
fabricated into 12 X-member 
subassembl i e s , 3. 75-in. d iameter 
by 0. 065 in. wall by 58. 8-in.-long 
s t ru t s 

Me nib ran e— 
30 psia at end 
of burn 

Stiffeners— 
engine opera ­
tion, gimbaled 
hard over 
(336 lb / in . ) 

Engine ope ra ­
tion, gimbaled 
hardover 
(12, 540 l b / 
s t ru t ) , nnini-
mize heat short 
to tank 

170 
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Propuls ion Module Hardware Tree (Continued) 

Descr ipt ion 

Design 
Condit ions/ 

Requirements Weight (lb) 

2. 03 Fo rward Skirt—fiber g lass , space 
t r u s s t runcated cone, forward 
d iamete r 174 in. , aft d iameter 
160 in. , length 70 in. , same 
configuration and number of 
s t ru t s as engine th rus t s t r u c ­
t u r e , 4. 2 5-in. d iameter by 
0. 065-in. wall by 81. 3-in.-long 
s t ru t s 

Engine opera­
tion, gimbaled 
hardover 
(9,460 lb / 
s t rut ) , mini­
mize heat 
short to tank 

250 

2. 06 Ex te r io r Finish and Sealer Prevention of 
corrosion 

20 

2.07 Baffles 

Antislosh—2 reqd. , 120-in. 
and 150-in. d iameter r ings 
fabricated fronn 2. 0-in. 
d iameter by 0. 049 in. wall 
6061-T6 Al tubing, ring 
support s t ru t s 16 reqd per 
baffle, fabricated from 
1. 5-in. d iameter by 
0. 035-in. wall 6061-T6 Al 
tubing, nylon cloth (0. 375 l b / 
sq yd) membranes 

Geysering—1 reqd, octagon, 
53 in. a c r o s s flats, nylon 
cloth (0. 37 5 Ib / sq yd) 
m e m b r a n e , nylon chord 
edge m e m b e r and tension 
tie 

Propellant 
settling 

60 

2. 08 Equipmient Support Structure— 
7075-T73 Al alloy sheet metal 
and machined brackets 

2. 10 Additional Structure—provision 
for cutouts and doors 

Maximum 
accelera t ion 
and vibration 

160 

70 
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Propuls ion Module Hardware T r e e (Continued) 

Descr ipt ion 

Design 
Condit ions/ 

Requi rements Weight (lb) 

3. 00 The rma l /Me teo ro id Protec t ion 
2 

3. 01 Insulation—Tank Area 960 ft 

• Blanket—Sidewall-96 l aye r s 
0. 00015-in. double-alunainized 
mylar with dacron net 
s p a c e r s , 3 blankets of 32 
l aye r s each, 4 ft x 12. 5 ft 
pane l s , total insulation thick­
n e s s 1.0 in. 

Tank heat 
input (90 btu/ 
h r ) , p r e s ­
sure in space 
(10-4 t o r r ) . 

430 

Blanket—Forward and aft 
dome. Same as sidewall 
except p ie-shaped panels 

Blanket Attachment—fiber 
g lass s t r aps 0. 015 in. x 4 in. 
X 24 in. , nylon tank attach 
studs 0. 5-in. dia x 0. 4 in. 
long 

Purge System—gas manifold 
sys tem, mylar shroud 

3. 02 Meteoroid Pro tec t ion 

• Flexible F o a m Blanket—out­
side of insulation 2 in. 
thick, density 1. 2 Ib/ft^ 

• Shroud—outside of foam 0. 010 
fiber g lass laminate , 4 ft 
X 12. 5 ft panels 

4. 00 Docking/Cluster ing 

4. 01 Fo rward Docking St ructure-cone 
a s s e m b l i e s , 4 reqd, 14 in. 
d iameter x 45 degree cone, 
integral ly stiffened, aluminum 
support s t ru t s and at tach h a r d -
w^are, solenoid driven spring 
loaded latching assembly . 

He a t m o s ­
phere p r io r 
to laiinch 

RNS P(0) 
= 0. 9974 
baseline 
lunar m i s ­
sion away 
from ear th 
(27 days) 

Longitudi­
nal position 
±5 in. , 
l a t e r a l posi­
tion ±5 in. , 
angle pitch 
or rol l 

280 

80 
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Propuls ion Module Hardware T ree (Continued) 

Descript ion 

Design 
Conditions/ 

Requirements Weight (lb) 

5. 00 Main Propulsion 

5. 01 NERVA Engine (less 500 lb for 
NDICE in CCM) 

5. 02 Exte rna l Disk Shield for NERVA 

5. 05 Propel lant Feed System 

• 8 in. d iameter throt t le 
valves—2 reqd, full flow 
analog v isor type, moto r -
driven (120vac, 400 Hz), 
p lanetary gear t r a n s ­
miss ion , metal l ic main 
gate seal , opening motion-
l inear seal , withdrawal— 
90-degree rotat ional 

±3°, longi­
tudinal velo­
city ±0. 1 ft/ 
sec, l a te ra l 
velocity 
±0, 1 ft, pitch 
angular velo­
city ±0. 2 deg/ 
sec , roll 
angular velo­
city 
±0. 02 deg/ 
sec, maxi ­
mum r e l a ­
tive impact 
velocity 
0. 2 f t / sec 

10 rads with 
payload 
attenuation 
of 3 

91. 9 lb / sec 
LH2 flow at 
30 psia 

27,300 

2,900 

140 
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Propulsion Module Hardware T ree (Continued) 

Descr ipt ion 

Design 
Condit ions/ 

Requirements Weight (lb) 

Feed Duct—12 in. d iameter 
s ta in less s teel ducting 0. 03 5 in. 
X 54 in. long 

12 in. nominal d iameter p r e s ­
sure volume compensator 

12 in. nominal d iamete r 
gimbal joints—2 requi red 

12 in. nominal automatic 
coupling and deployment 
assembly including a deploy­
ment rack and motor 

Fue l Feed Line—12 in. d iam­
eter internal ducting 6061-T6 
aluminum 0. 035 in. x 276 in. 
long 

Bolted flange connection at 
run tank, 2 segment coupling 
at interface, dual stat ic seal 
configuration both ends 

5. 06 P re s su r i za t i on System—Expulsion 

• 1-1/4 in. d iameter disconnect 
normal ly open 

1/2 in. d iameter 24 vdc 
d i rec t acting solenoids, 
8 reqd 

1-1/4 in. d iameter s ta inless 
s teel ducting, 0. 017 x 325 in. 
long 

30 psia opera-
operating 
p r e s s u r e 

±1. 00 in. 
extension 

±8 degrees 
angulation 

±1 . 00 in. 
extension 

Collapse 
p r e s s u r e 

Automatic 
leak check, 
maximum 
leakage 
10-5 SCCM 

4 l b / s e c 
GHz 
p = 850 psia 
T ^ 225°R 

0. 6 l b / s e c 
GH2 
p = 850 psia 
at T - 225°R 

p = 850 psia 

60 
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Propuls ion Module Hardware T r e e (Continued) 

Descr ipt ion 

Design 
Condit ions/ 

Requirements Weight (lb) 

1-1/4 in. d iameter metal l ic 
flexible braided hose sections 

p = 850 psia 

Bolted flange connections at 
ends, with dual s tat ic seals 
and intermediate w^elded 
joints 

5. 09 Orbit Refueling 

4 in. d iameter spray bypass 
valve—4 reqd, p lanetary gear 
t r ansmis s ion , full flow visor 
type, metal l ic main gate seal , 
open motion—linear seal , 
withdrawal, 90 degree ro ta ­
tional, nnechanical spring 
loaded, override—normally 
closed, motor driven (120vac, 
400 Hz) 

4 in. d iameter normal ly open 
disconnect 

4 in. d iameter check valve 
flapper type (2 sections) 

Maximum 
leakage 
10-5 SCCM 

3, 000 gpm 
p = 40 psia 
T = 40°R 

60 

4 in. d iameter s ta inless steel 
ducting, 0. 03 5 X 300 in. long 

4 in. nominal d iameter gimbal 
joints 

Bolted flange connections with 
dual static seal ends and in te r ­
mediate welded joints 

5. 11 Flight Vent 

2-1 /2 in. d iameter pilot 
operated quad blowdown 
valves—4 reqd 

p = 45 psia 

p = 45 psia 

Maximum 
leakage 
10-5 SCCM 

0. 6 lb / sec 
GH2 at 
29 psia 
T = 40°R 

50 
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Propuls ion Module Hardware Tree (Continued) 

Descr ipt ion 

Design 
Condit ions/ 

Requirements Weight (lb) 

• 2 -1 /2 in. d iamete r x 0. 016 in. 
s ta in less s teel ducting 

• Bolted flange connections with 
dual stat ic seal ends and 
in termediate welded joints 

5. 12 Integrated Chilldown Sys tem 

• Centrifugal Pumps -mo to r 
driven (120 vac 400 Hz), 
Submerged in run tank— 
2 requi red 

• 2 in. d iameter check v a l v e s -
flapper type (split des ign)- -
5 reqd 

• 2 in. d iameter shut off v a l v e s -
normal ly closed, pilot operated 
solenoid type—4 requi red 

• 2 in. d iameter x 0, 035 in. 
s ta in less s teel ducting 

• 2 in. d iamete r (nominal) 
gimbal joints 

• Bolted flange connections with 
dual stat ic sea ls at ends and 
in termedia te welded joints 

5. 13 Refill System 

• Centrifugal pumps ac -motor 
dr iven (120 vac 400 Hz) 
submerged in run tank—2 
reqd 

• 3. 25 in. d iameter check 
valves—flapper type (split 
design)—2 reqd 

p = 29 psia 

Maximum 
leakage 
10-5 SCCM 

2 l b / s e c LH2 
at 3. 5 psia 

2 lb / sec LH2 

2 l b / s ec LH. 

70 

50 

5 lb / s ec LH2 
at 3 psia 

5 l b / s e c 
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Propulsion Module Hardware T ree (Continued) 

Descript ion 

Design 
Conditions/ 

Requirements Weight (lb) 

• 3. 25 in. d iameter x 0. 035 in. 
s ta in less s teel ducting 

• 3.25 in. d iameter (nominal) 
gimbal joints 

• Bolted flange connections with 
dual static seals at flanges 
and in termedia te welded 
joints 

6. 00 Auxil iary Propulsion 

6. 01 Reaction Control System 

• Gaseous hydrogen s torage 
sphere , 25 in. d iameter , 
t i tanium, 2 reqd 

• 1/2 in. solenoid valves 
d i rec t acting—2 reqd 

• 1/4 in. fill disconnect 

• 1/2 in. relief valve 

• 1/4 in. nozzle control 
solenoids direct ing 
acting—24 reqd 

• Tubing—welded joints 

7. 00 Ast r ion ics 

7. 01 Navigation Guidance and Control 

• 3 gyros and electronic 
package to generate ambient 
gas APS commands as 
required 

Maximum 
leakage 
10-5 SCCM 

Module 
stabilization 
during 
assembly 
and 
maintenance 

p = 1, 200 psia 

Maintain stable 
attitude during 
assembly and 
maintenance. 

160 

20 
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Propuls ion Module Hardware T r e e (Continued) 

Descript ion 

• Optical corner cubes 

7. 02 Inst rumentat ion (exclusive of 
engine) 

• 18 t r ansduce r s for sensing 

• 10 channels of signal 
conditioning 

• 2 analog multiplexers—MSI, 
16 channel 

• 2 analog to digital conver 
10 bit resolution 

7. 03 Command and Control 

• Logic decoder 

• Cont ro l le rs w^ith memory 
requi red 

Design 
Condit ions/ 

Requirements Weight (lb) 

Drift ra te 
<0. 5 d e g r e e / 
h r 

Cooperative 
ta rge t for 
docking 
operations 

15 

80% of analog 
channels 

60% of analog 
channels 

r s 1 par t in 1, 024 
resolut ion, 
0. 1% accuracy , 
1 per mul t i ­
plexer for 
encoding 
analog data 

10 

Accept se r i a l 
input i n s t ruc ­
tions f rom 
data bus 
t e rmina l 

s Accept 
decoded 
signals and 
drive con­
trol lable 
functions— 
up to 10 anaps 
(those with 
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Propuls ion Module Hardv/are Tree (Continued) 

Descr ipt ion 

Design 
Condit ions/ 

Requirements Weight (lb) 

memory 
turned off by 
separate 
command) 

7. 04 E lec t r i c Pow^er 130 

2 Ag-Zn ba t te r ies with 
1. 7-kwh capacity each 

Power management , cabling 
and distr ibution package 

Power distr ibution 

Supply peak­
ing power, 
discharge to 
50% or l e s s . 

Power d i s t r i ­
bution, switch­
ing and bat tery 
recharge 
management 

Round con­
ductor w^ir-
ing, all 
Polyimide 
insulation, 
copper 
conductors 

2 inver te r s 
frequency—400 Hz 
voltage—120 v r m s 

7. 05 E lec t r i ca l Networks 

Redundant power 
to dr ive 
2 chilldown 
pumps and 
2 refill 
pumps 

150 

Emergency detection, data 
bus, manual control , and 
engine function cabling 
betw^een station 0 and top 
of run tank 

Flat conductor 
cables, all 
polyimide 
insulation, 
copper 
conductors 
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Propuls ion Module Hardware T ree (Continued) 

Descript ion 

Design 
Condit ions/ 

Requirements Weight (lb) 

Connector less te rmina t ions for 
engine-s tage interface 

• Module interface connectors 
and blind mating panel 

7. 06 Environmental Control 

• Controlled emmiss iv i ty 
coatings and internal 
e lec t r i ca l h e a t e r s a s requi red 
by each subsystena 

7. 07 Propel lant Management 

• 3 redundant probes with 
d i sc re te point level sensors 

7. 08 Onboard Checkout 

• Sensors for EDS 

7. 09 Data Management 

• 2 data bus t e rmina l s 

3, 000 l ines, 
increased 
rel iabi l i ty by 
eliminating 
socket /pin 
connections 

Motor driven 

Included in 
each 
subsys tem 

EDS moni­
toring of 
c r i t i ca l 
functions 

NDICE, 
stage 

10 

Total dry weight (including 150 lb contingency) 33,375 
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Sec t ion 5 

P R O P E L L A N T MODULE 

The s e c t i o n con t a in s a d e s c r i p t i o n of the p r o p e l l a n t modu le s t a r t i n g with a 

s u m m a r y of the o v e r a l l m o d u l e c o n f i g u r a t i o n and concluding wi th a l i s t i n g of 

the m o d u l e h a r d w a r e o r g a n i z e d a c c o r d i n g to the s y s t e m prov ided in the s tudy 

g u i d e l i n e s . 

5. 1 CONFIGURATION 

The p r o p e l l a n t m o d u l e p r o v i d e s p r o p e l l a n t s t o r a g e dur ing the m i s s i o n . 

O the r funct ions a r e m i n i m a l r e s u l t i n g in a s i m p l e modu le which i s p a s s i v e 

and r e s p o n s i v e to e x t e r n a l c o n t r o l . It con ta ins s u b s y s t e m s to p e r f o r m d o c k ­

ing , m o d u l e l a t c h i n g , p r o p e l l a n t feed, g round vent and re l ie f , g round fi l l , 

f l ight vent , p r e s s u r i z a t i o n , and o r b i t a l r e fue l l i ng . 

The m o d u l e shown in F i g u r e 5. 1-1 i s b o o s t e d to o rb i t by the S a t u r n I N T - 2 1 

l a u n c h v e h i c l e . The b a s e l i n e p r o b e / d r o g u e s y s t e m is e m p l o y e d for docking 

wi th the p r o b e s m o u n t e d to the o r b i t a l i n t e r s t a g e (aft) and d r o g u e s (cones) 

m o u n t e d to the pay load a d a p t e r . This s y s t e m has the capab i l i t y of soft d o c k ­

ing wi th t h e l a s t few i n c h e s of d r a w u p a c c o m p l i s h e d by the p r o b e . The 

p r o p e l l a n t m o d u l e is p a s s i v e d u r i n g r e n d e z v o u s and con ta ins op t i ca l c o r n e r 

cubes to c o o p e r a t e in the a l i g n m e n t and r a n g i n g . 

The p r o p e l l a n t t ank i s c o m p o s e d of a h e m i s p h e r i c a l f o r w a r d d o m e , an 

i n t e g r a l l y s t i f fened c y l i n d r i c a l s e c t i o n , and a 1 0 - d e g r e e h a l f - a n g l e con ica l 

aft d o m e . The con f igu ra t i on of the aft d o m e was a r e s u l t of a combined 

s t r u c t u r a l and r a d i a t i o n sh i e ld ing o p t i m i z a t i o n . The s idewa l l i s r e i n f o r c e d 

with a n i s o t r o p i c (60 d e g r e e ) g r i d p a t t e r n to p r e v e n t buckl ing of the u n p r e s -

s u r i z e d t ank w h e n it i s s t a c k e d on the l aunch pad. The Y - r i n g s a r e p rov ided 

at e a c h end of t h e t ank c y l i n d r i c a l s e c t i o n , at the t r a n s i t i o n b e t w e e n the aft 

d o m e cone and s p h e r i c a l c ap , and in the f o r w a r d dome for a t t a c h m e n t of the 
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h e a t b l o c k s , i n t e r m o d u l a r t h r u s t s t r u c t u r e , and pay load a d a p t e r . A s u m p 

i s i n c o r p o r a t e d in the d e s i g n to m i n i m i z e r e s i d u a l s . 

The h e a t b l o c k s a r e of f iber g l a s s honey c o m b s a n d w i c h c o n s t r u c t i o n . They 

t r a n s m i t t h e app l i ed l o a d s i m p o s e d by the v a r i o u s d e s i g n condi t ions (i. e. , 

m a x i m u m a c c e l e r a t i o n , m a x o - q , e t c . ). In add i t ion t h e y m i n i m i z e hea t 

flow i n t o the p r o p e l l a n t t ank c o m p a r e d to the hea t flow t h r o u g h the i n s u l a t i o n 

b l a n k e t (i. e. , t h e r m a l c o n d u c t a n c e <1 B T U / h r / ° F ) . The i n t e r m o d u l a r 

t h r u s t s t r u c t u r e m u s t a l s o k e e p h e a t flow in to t h e t ank low. Since t h e c o m ­

ponent i s p r o t e c t e d f r o m the a t m o s p h e r i c e n v i r o n m e n t d u r i n g boos t by the 

e a r t h l aunch i n t e r s t a g e wh ich i s j e t t i s o n e d when the s t a g e r e a c h e s o r b i t , an 

o p e n - t y p e t r u s s s t r u c t u r e i s e m p l o y e d . It c o n s i s t s of t u b u l a r f iber g l a s s 

s t r u t s f a b r i c a t e d in to X - m e m b e r s u b a s s e m b l i e s wi th m e t a l end f i t t ings con­

t a i n i n g s e l f - a l i g n i n g b e a r i n g s . 

The l a u n c h i n t e r s t a g e i s an i n t e g r a l l y s t i f fened a l u m i n u m s t r u c t u r e wi th 

c i r c u m f e r e n t i a l r i n g s . I n t e g r a l l y m a c h i n e d l ips a r e p r o v i d e d for s e g m e n t 

j o in ing . A c o n t r o l l e d de tona t ing fuse (CDF) c i r c u m f e r e n t i a l jo in t s i m i l a r to 

the d e s i g n e m p l o y e d on the S a t u r n S-IVB i s p r o v i d e d to s e v e r the t e n s i o n 

s t r a p a t t a c h i n g the l aunch i n t e r s t a g e to the aft hea t b lock . 

The pay load a d a p t e r , a t r u n c a t e d cone of f i b e r g l a s s h o n e y c o m b sandwich 

c o n s t r u c t i o n , p r o v i d e s the r e q u i r e d t h e r m a l i n s u l a t i o n to the tank . It 

i n c o r p o r a t e s s u p p o r t p r o v i s i o n s for four docking cones for C o m m a n d and 

C o n t r o l Modu le (CCM) m a t i n g . 

The 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 is d e s i g n e d as an en t i ty b e c a u t 

of the m u t u a l i n t e r a c t i o n s b e t w e e n the two funct ions . It c o n s i s t s of t h r e e 

b j a n k e t s of H P I which a r e he ld in con tac t with the s i d e w a l l of the LH2 tank 

by a l a y e r of c o m p r e s s e d f lex ib le foam. The foam is r e s t r a i n e d by a 

t e n s i o n e d f iber g l a s s sk in . A i r l o a d s d u r i n g boos t a r e t r a n s f e r r e d to the 

t ank s i d e w a l l v ia the sk in , foam, and HPI . The f iber g l a s s and foam p r o t e c t 

the H P I f r o m d a m a g e by a e r o f o r c e s and hea t ing . The foam c o n t r a c t s or 

e x p a n d s wi th changes in t ank r a d i u s . It m u s t a c c o m m o d a t e a s i d e w a l l 

l eng th change of - 2 . 7 in. and a change of r a d i u s of - 0 . 8 i n . when the u n p r e s -

s u r i z e d t ank i s coo led to LH2 t e m p e r a t u r e . 
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Two 12- in . - d i a m e t e r m o t o r - d r i v e n t ank i s o l a t i o n feed v a l v e s a r e moun ted to 

the s u m p . In le t to the v a l v e s i s t h r o u g h an a n t i v o r t e x i n g , f i l t r a t i o n s c r e e n . 

Ou t l e t i s t h r o u g h the s u m p to a 12- in . - d i a m e t e r feed duct which con ta ins two 

g i m b a l j o in t s and the b a s e l i n e r e m o t e coupl ing m e c h a n i s m . O r b i t a l r e fue l ing 

is a c c o m p l i s h e d by a 4 - i n . - d i a m e t e r duc t t ha t is h a r d moun ted to the payload 

a d a p t e r i n t e r f a c e and r u n s in to t h e t ank u l l age s p a c e . This duct con ta ins 

f l ex ib le e l e m e n t s for t h e r m a l and o p e r a t i o n a l de f lec t ions and t e r m i n a t e s in 

a s p r a y n o z z l e tha t p r e v e n t s p r e s s u r a n t s u r g e s . This duct a l s o has the a u t o ­

m a t i c coupl ing m e c h a n i s m at i t s f o r w a r d end. Both the g round vent and 

r e l i e f , wh ich i s u t i l i z ed du r ing g r o u n d fi l l , and the q u a d - r e d u n d a n t flight 

ven t s y s t e m s a r e l o c a t e d in the u l l a g e r e g i o n of the tank. The s y s t e m s a r e 

i n t e g r a t e d and r e q u i r e a s i ng l e t a n k p e n e t r a t i o n only. The e x t e r n a l p r e s ­

s u r i z a t i o n l ine r u n s the full l eng th of the t ank and has a conven t iona l qu i ck -

d i s c o n n e c t coupl ing at t he aft end -which m o u n t s to the e l e c t r i c a l connec to r 

d e p l o y m e n t pane l . The f o r w a r d end of the l ine p e n e t r a t e s the d o m e in the 

u l l age r e g i o n and t e r m i n a t e s in a p r e s s u r a n t diffuser which u t i l i z e s a nylon 

bag to p r e v e n t p r e s s u r a n t i m p i n g e m e n t and u l lage c o l l a p s e . The g round fill 

and d r a i n l ine o r i g i n a t e s at the u m b i l i c a l pane l which i s a t t a c h e d to the 

f o r w a r d hea t b lock . This 4 - in . - d i a m e t e r l ine which con ta ins a shutoff va lve 

and g i m b a l j o in t s r u n s the e n t i r e l eng th of the t ank t e r m i n a t i n g at the tank 

b o t t o m . Suppor t for the l ine is p r o v i d e d by s l id ing type v i b r a t i o n m o u n t s . 

D r a i n a g e of the tank i s a c c o m p l i s h e d t h r o u g h p r e s s u r i z a t i o n . 

F l i gh t r e a d i n e s s of the m o d u l e i s d e t e r m i n e d u t i l i z ing the c a p a b i l i t y of the 

o n b o a r d checkou t s y s t e m in the CCM. Since the modu le is a s p a c e r e s i d e n t 

e l e m e n t , fault p r e d i c t i o n s e n s o r s a r e inc luded . The modu le is r e p l a c e d on 

an u n s c h e d u l e d m a i n t e n a n c e b a s i s only upon the o c c u r r e n c e of a f a i l u r e , 

h o w e v e r , s t a n d b y r e d u n d a n c y is p r o v i d e d to al low m i s s i o n in i t i a t i on with 

spec i f i c c o m p o n e n t s i n o p e r a t i v e . Data bus t e r m i n a l s a r e p rov ided fore 

and aft in t h i s m o d u l e . The da t a bus t r a n s f e r s i n s t r u m e n t a t i o n and c o m m a n d 

i n f o r m a t i o n in d ig i t a l f o r m b e t w e e n the CCM and the p r o p e l l a n t m o d u l e . DC 

p r i m a r y p o w e r i s d i s t r i b u t e d to the p r o p e l l a n t modu le with loca l i n v e r t e r s 

e m p l o y e d for ac m o t o r - d r i v e n v a l v e s . The EDS is u s e d to g a t h e r i n f o r m a ­

t ion on c r i t i c a l p a r a m e t e r s and d i s t r i b u t e safing c o m m a n d s f r o m the CCM. 
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5. 2 HARDWARE TREE 

This subsect ion contains a descr ip t ion of the equipment contained within the 

propellant module together with the corresponding design condition and 

weight. 

Propel lant Module Hardware Tree 

2. 00 St ruc ture 

Descript ion 

2. 01 Propel lant Tank-2014-T6 aluminum 

• Forward dome—hemispherical, 
monocoque construct ion, 
0. 061 in. thick by 396 in. dia 
by 198 in. high, 12 ft x 21. 5 ft 
sheet , 12 gores , 2 Y- r ings , 
0. 250 in. thick by 28 in. long, 
5 in. x 2. 5 ft X 36 ft forging, 
3 sections 

• Aft dome—10° cone, monocoque 
construct ion 

• 

• 

• 

• 

Shoulder-0. 070 in. thick 
by 23 in. long, 4. 5 in. 
X 2 ft X 36 ft forging, 
3 sections 

Cone-0. 118 in. thick by 
326 in. long, 17. 5 ft x 
30 ft sheet, 6 segments 

Y-r ing-0 . 250 in. thick by 
48 in. long, 8 in. x . 45 ft 
X 24. 5 ft forging, 3 sections 

Spherical cap)—0. 045 in. 
thick by 245 in. dia by 
67 in. high, 12. 5 ft x 
16. 5 ft sheet, 4 gores 

Design 
Condit ions/ 

Requirements 

29 psia at end 
of burn 

29 psia at end 
of burn 

Weight (lb) 

17,150 
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P r o p e l l a n t Module H a r d w a r e T r e e (Cont inued) 

2. 

2. 

2 . 

2 . 

2 . 

• 

• 

02 

03 

04 

05 

06 

D e s c r i p t i o n 

Cyl inder—in tegra l ly s t i f fened , 
60° waff le , m e m b r a n e t h i c k n e s s 
0. 117 i n . , r i b he ight 1. 120 i n . , 
r i b l eng th 35. 0 in. , r i b t h i c k ­
n e s s 0. 060 in. , 396 in. d ia by 
548 in. long, 6 s e g r a e n t s , e a c h 
s e g m e n t f a b r i c a t e d f r o m 1. 5 in. 
X 17. 5 ft X 48 ft p l a t e . 

1, 450 ft of weld ing 

I n t e r m o d u l a r T h r u s t S t r u c t u r e -
f iber g l a s s , s p a c e t r u s s 
t r u n c a t e d cone , aft d ia 
174 in . , fwd d ia 246 in. l eng th 
87 in, , 48 t a p e r e d t u b u l a r 
s t r u t s f a b r i c a t e d in to 24 
X - m e m b e r s u b a s s e m b l i e s , 
5. 0 in. d ia by 0. 045 in. wa l l 
by 100 in. long s t r u t s 

F o r w a r d Heat Block—396 in. 
d ia by 36 in. long, one r i n g 
c o n a p r i s e d of 3 ft x 20 ft 
p a n e l s , the pane l s e m p l o y 
s a n d w i c h c o n s t r u c t i o n with 
0. 030 in . f iber g l a s s face 
s h e e t s and c o r e 2. 0 in. 
th ick . 

Aft Hea t Block—Same as 
f o r w a r d hea t b lock excep t 
0. 035 in . t h i ck face s h e e t s 

Tunne l and F a i r i n g s — 
S e m i - m o n o c o q u e c o n s t r u c t i o n 
( r i b s t i f fened) - 7 0 7 5 - T 7 3 
a l u m i n u m a l loy 

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

Des ign 
Condi t ions / 

R e q u i r e m e n t s 

M e m b r a n e -
End of b u r n 
(29 psi) 

Stiffeners— 
P r e l a u n c h 
(335 l b / i n . ) 

Engine o p e r a ­
t ion, g i m b a l e d 
h a r d o v e r 
(6, 300 l b / s t r u t ) , 
m i n i m i z e hea t 
s h o r t to t ank 

Max a-q 
(1 , 100 l b / i n . ), 
m i n i m i z e hea t 
s h o r t to tank 

Max a-q 
(2, 125 l b / i n . ), 
m i n i m i z e hea t 
s h o r t to tank 

B u r s t and 
c ru sh ing p r e s ­
s u r e dur ing 
launch 

P r e v e n t i o n of 
c o r r o s i o n 

Weight (lb) 

4 7 0 

620 

720 

4 9 0 

2 1 0 
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Propel lant Module Hardware Tree (Continued) 

2. 07 

• 

• 

2. 08 

2. 10 

• 

• 

Descript ion 

Baffles 

Antislosh—3 reqd, 342 in. , 
356 in. and 300 in. dia r ings 
fabricated f rom 3 in. dia by 
0. 065 in. wall 6061-T6 
aluminum tubing, r ing support 
s t ru t s - 32 r equ i red per 
baffle, fabricated from 2 in. 
dia by 0. 049 in. wall 
6 0 6 1 - T 6 aluminum tubing, 
nylon cloth (0. 375 Ib /sq yd) 
membranes 

Geysering—1 reqd, octagon, 
132 in. a c ros s f lats , nylon 
cloth (0. 375 Ib /sq yd) 
m e m b r a n e s , nylon cord edge 
member and tension tie 

Equipnaent Support Structure— 
7075-T73 Al alloy sheet 
meta l and machined bracke ts 

Additional S t ruc ture 

Payload Adapter—fiberglass 
t runcated cone, forward 
dia 165 in. , aft dia 305 
in. , length 80 in. , one 
t rucated ring compr ised 
of four 6. 7 ft X 20 ft 
panels. Same ma te r i a l and 
construction as heat blocks 
except 0. 020 in. thick face 
sheets and 0. 686 in. thick 
core . 

A c c e s s -
Provis ion for cutouts and 
doors . 

Design 
Conditions / 

Requirements 

Propel lant 
settling 

Maximum 
acce l e r a ­
tion and 
vibration 

Engine 
operation, 
gimbaled 
hardover 
(240 lb/ in . ), 
minimize 
heat 
shor t to 
tank 

Weight (lb) 

360 

230 

640 

220 
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Propel lant Module Hardware Tree (Continued) 

3. 

2. 11 

Descr ipt ion 

Launch Interstage— 
7075-T53 Al alloy, 396 in. 
dia by 440 in. long, 
in tegra l ly stiffened, 
0, 050 in. skin, J - sec t ion 
stiffeners 1. 75 x 0. 125 x 
0. 75 X 0. 375 in. , I -sect ion 
f rames 6. 0 x 0. 70 x 2. 0 x 
0. 14 in. , 6 segments , each 
segment fabricated from 
2. 0 in. x 17. 5 ft x 38 ft 
plate 

00 Thermal /Meteoro id Protect ion 

3. 01 In 

• 

• 

• 

• 

• 

sulat ion-Tank Area 9,810 ft 

Blanket—Sidewall - 51 layers 
0. 00015 in. double aluminized 
Mylar with dacron net s p a c e r s , 
3 blankets of 17 l aye r s each 
4 ft X 18. 5 ft panels 

Blanket-Aft Dome, 
same as sidewall except 
4 ft X 14. 5 ft panels 

Blanket—Forward Dome, 
same as sidewall except 
pie-shaped panels 

Blanket Attachment—fiber 
glass s t r aps 0. 015 in. x 
4 in. X 24 in. , nylon tank 
attach studs 0. 5 in. dia x 
0. 4 in. long 

Purge System—gas manifold 
sys tem, mylar shroud 

Design 
Conditions / 

Requirements 

Max a-q 
(2,540 lb/in) 

Tank heat 
input (1500 
Btu/hr) 
p r e s s u r e in 
space (10-4 
t o r r ) , inert 
gas a tmos ­
phere, no 
cryo-pumping 
(prelaunch) 

Weight (lb) 

8,790 

2,470 
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P r o p e l l a n t Modu le H a r d w a r e T r e e (Cont inued) 

D e s c r i p t i o n 

3. 02 M e t e o r o i d P r o t e c t i o n 

• F l e x i b l e F o a m B l a n k e t -
o u t s i d e of i n s u l a t i o n 
2 in. t h i ck , d e n s i t y 1. 2 
lb / f t , c o m p r e s s e d to 
1. 2 in . on i n s t a l l a t i o n 

• Shroud—outside of foam 
0 . 0 2 0 in . f i b e r g l a s s l a m i n a t e , 
4 ft X 18. 5 ft p a n e l s , t e n s i o n e d 
to 0. 80 in. c o m p r e s s i o n of 
f o a m 

4. 00 D o c k i n g / C l u s t e r i n g 

4. 01 F o r w a r d Docking S t r u c t u r e -
cone a s s e m b l i e s , 4 r e q d , 
14 in. d ia . x 45 deg cone , 
i n t e g r a l l y s t i f fened, 
a l u m i n u m s u p p o r t s t r u t s 
and a t t a c h h a r d w a r e , so l eno id 
d r i v e n s p r i n g l o a d e d l a t ch ing 
a s s y . 

4. 02 Aft Docking S t r u c t u r e -
p r o b e a s s e m b l i e s , 4 r e q d , 
5 in. dia . x 23 in. long , 
a l u m i n u i n s u p p o r t s t r u t s 
and a t t a c h h a r d w a r e 

5. 00 P r o p e l l a n t Modu le D e s c r i p t i o n 

5. 05 P r o p e l l a n t F e e d S y s t e m 

• 8 in . d ia t h r o t t l e valves—2 r e q d 

F u l l flow b i n a r y v i s o r t y p e , 
m e t a l l i c m a i n ga te s e a l , opening 
mot ion—linear s e a l , w i t h d r a w a l , 

Des i gn 
C o n d i t i o n s / 

R e q u i r e m e n t s 

RNS P(0) = 
0. 9974, 
b a s e l i n e 
l u n a r 
m i s s i o n 
a w a y 
f r o m e a r t h 
(27 days ) 

Long i tud ina l 
pos i t i on ±5 in. , 
l a t e r a l pos i t ion 
±5 in. , angle 
p i t ch or r o l l 
±3 deg , l ong i ­
t u d i n a l ve loc i t y 
iO. 1 f t / s e c , 
l a t e r a l ve loc i ty 
±0. 1 ft, p i tch 
a n g u l a r ve loc i t y 
±0. 2 d e g / s e c , 
r o l l a n g u l a r 
v e l o c i t y ±0. 02 
d e g / s e c , 
m a x i m u m 
r e l a t i v e 
i m p a c t v e l o c i t y 
0. 2 f t / s e c 

91 . 9 l b / s e c 
LH2 30 ps i a 

Weight (lb) 
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Propellant Module Hardware Tree (Continued) 

• 

• 

• 

5. 06 

• 

• 

• 

• 

• 

Descript ion 

90 deg rotat ional induction 
mo to r -d r iven (120 vac, 
400 Hz), planetary gear 
t r a n s m i s s i o n 

Feed Duct—12 in. dia ducting 
s ta in less s teel 0. 035 in. x 
54 in. long— 

12 in. nominal dia gimbal joints 
with coupling segments (2 reqd) 
and a motor and drive sc rews 

Bolted flange connection at tank, 
2 segment coupling at in terface . 
dual stat ic seal configuration 
both ends 

P re s su r i za t i on System—Expulsion 

1-1/4 in. dia pilot operated 
solenoid valve, 4 requ i red 
24 vdc, planetary gear t r a n s ­
miss ion , open motion—linear 
seal , withdrawl, 90 deg 
rotat ional , mechanical spring 
loaded, override—normally 
closed 

4 in. dia disconnect, normal ly 
open 

4 in. dia check valve, 2 sectioned 
flapper type 

4 in. dia x 0. 035 in. s ta in less 
s teel ducting 

4 in. nominal dia gimbal joints 

Design 
Conditions/ 

Requirements 

30 psia oper­
ating p r e s su re 

±8 degrees 
angulation 

Maximum 
leakage 
10-5 SCCM 

4 lb / s ec GH2 
p - 850 psia 
T= 225°R 

p = 45 psia 

p = 45 psia 

Weight (lb) 

70 
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Propel lant Module Hardware Tree (Continued) 

Descr ipt ion 

Bolted flange connections with 
dual stat ic seal ends and welded 
in te rmedia te joints 

4 in. normal ly closed butterfly 
valve pneumatical ly controlled 

1/4 in . -3 way di rec t acting 
solenoid valve 

1/4 in. quick disconnect coupling 
normal ly closed 

1/2 in. dia d i rec t acting solenoid 
valve, 24 vdc 

1/2 in. dia quick disconnect 
normal ly closed 

1-1/4 in. dia disconnect , 
normal ly open 

1/2 in. dia 24 vdc d i rec t 
acting solenoids valves , 
8 requi red 

1-1/4 in. dia x 0. 017 in. 
s ta inless s teel ducting 

1-1/4 in. dia meta l l ic flexible 
• braided hose sect ions 

Bolted flange connections with 
dual stat ic sea ls at ends and 
welded in te rmedia te joints 

Design 
Condit ions/ 

Requirements 

Maximum 
leakage 
10-5 SCCM 

30 psia 
3, 000 gpm 
40°R 

475 psig 

475 psig 

0. 6 l b / s e c 
p = 30 psia 
T = 225°R 

0. 6 l b / s e c 
p = 850 psia 
T = 225°R 

4 l b / s e c GH2 
p = 850 psia 
T = 225°R 

0. 6 l b / s e c GH2 
p = 850 psia 
at T = 225°R 

p = 850 psia 

p = 850 psia 

Maximum 
leakage 
10-5 SCCM 

Weight (lb) 
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Propel lant Module Hardware Tree (Continued) 

5. 09 

• 

• 

• 

• 

• 

5. 10 

• 

• 

• 

• 

Descr ipt ion 

Orbit Refuel ing/Fi l l and Drain 

4 in. dia sp ray bypass valve— 
4 requi red , full flow binary 
visor type, metal l ic main 
gate sea l , motor dr iven 
(120 vac, 400 Hz) 

Ground Fi l l and Drain— 
4 in. dia x 0. 016 x 1200 in. 
aluminum ducting—internally 
mounted 

Orbital F i l l -4 in. dia x 0. 035 in. 
s ta in less steel ducting with dual 
s tat ic seals at end flanges 

Untied bellow sections 

1 /4 in. welded tubing 

Ground and Emergency Vent 

6 in. normal ly closed poppet 
disconnect 

4 in. (poppet balanced) relief 
valve 

6 in. vent and relief valve 
(pneumatically actuated) 

1/4 in. 3-way di rec t acting 
solenoid valve 

Design 
Conditions/ 

Requirements 

3, 000 gpm 
p = 40 psia 
T = 40°R 

Maximum 
leakage 
10-5 SCCM 

2 lb / sec 
GH^ at 
at psia 

11 lb / sec 
GH^ at 
29 psia 

Weight (lb) 

120 

160 
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Propel lant Module Hardware Tree (Continued) 

7. 

• 

• 

• 

• 

• 

5. 11 

• 

• 

00 Astr 

7. 01 

• 

7. 02 

• 

Descr ipt ion 

1/4 in. quick disconnect 
coupling, normal ly closed 

6 in. dia x 0. 035 in. s ta in less 
steel ducting with dual s tat ic 
seals at bolted flange 
connections 

Untied meta l bellows sections 

6 in. and 4 in. dia tubing with 
welded in te rmedia te joints 

1 /4 in. tubing all welded 

Flight Vent 

2-1/2 in. dia pilot operated 
quad blowdown valves—4 
requi red 

2-1 /2 in. dia x 0. 016 in. 
s ta inless s teel ducting with 
dual s tat ic seals bolted flange 
and connections and welded 
in te rmedia te joints 

ionics Sys tems /As t r ion ics 

Guidance, Navigation and Control 

Optical corner cubes 

Instrumentat ion 

22 t r ansduce r s for sensing 

Design 
Condit ions/ 

Requi rements 

Maximum 
leakage 
10-5 SCCM 

0. 6 l b / s e c 
GH2 at 
29 psia 
T = 40°R 

p = 29 psia 
Maximum 
leakage 
10-5 SCCM 

Cooperative 
ta rge t for 
docking 
operations 

80% of analog 
channels 

Weight (lb) 

60 

35 
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Propel lant Module Hardware Tree (Continued) 

Descript ion 

• 17 signal conditioning 

• 2 analog mult ip lexers-
1 6 channel 

c i rcu i t s 

-MSI, 

• 2 analog to digital conver ters , 
10 bit resolut ion 

7. 03 Command and Control 

• Logic decoder 

• Cont ro l le rs with m e m o r y 
as requ i red 

7. 04 E lec t r i ca l Power 

• Power management di 
a s sembly and cabling 

• Power distr ibution 

str ibution 

Design 
Conditions/ 

Requirements 

60% of analog 
channels 

1 part in 1024 
resolution, 
0. 1% accuracy, 
1 per mult i ­
plexer 

Accept se r ia l 
input in s t ruc ­
tions from 
data bus 
t e rmina l 

Accept decoded 
signals and 
drive control­
lable functions— 
up to 10 amps 
(those with 
memory—turned 
off by separate 
command) 

Power dis t r ibu­
tion and 
switching 

Round copper 
conductor 
wiring—Kapt on 
insulation 

Weight (lb) 

10 

40 
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Propel lant Module Hardware Tree (Continued) 

Descr ipt ion 

• 2 i nve r t e r s 
Frequency—400 Hz 
Voltage-120 v RMS 

7. 05 E lec t r i ca l Networks 

• Emergency detection 
manual control , and 
function cabling 

7. 06 Environmental Control 

, data bus, 
engine 

• Controlled emmiss iv i ty coatings 
and internal e lec t r ica l hea te r s 
as r equ i red by each subsystem 

7. 07 Propel lant Management 

• Point level s ensor s mounted 
on ground fill line 

7. 08 Onboard Checkout 

• Sensors for emergency detection 

7. 09 Data Management 

• 2 data bus t e rmina l s 

Total (including 1,480 lb contingency) 
Less je t t i son of in te r s tage 
Total operat ional weight 

Design 
Condit ions/ 

Requi rements 

Redundant 
power for ac 
valve actuation 

Flat conductor 
cable, poly-
imide or 
kapton insula­
tion, copper 
conductors 

Included in 
each sub­
sys tem 

EDS moni­
toring of 
c r i t i ca l 
functions 

Fo rward and 
aft 

Weight (lb) 

160 

5 

5 

38,655 
-8 ,790 
29,865 
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Section 6 

COMMAND AND CONTROL MODULE 

This section contains a descr ipt ion of the command and control module 

(CCM) start ing with a s u m m a r y of the overal l module configuration and 

concluding with a l ist ing of the module hardware organized according to the 

sys t em provided in the study guidelines. 

6. 1 CONFIGURATION 

The CCM is located at the forward end of the RNS. It contains the ent i re 

navigation and control function including the sensors and processing capability 

r equ i r ed to implement autonomous navigation. P r i m a r y power source is also 

included in the CCM as w^ell as the cryogenic auxil iary propulsion system. 

The major components of the NERVA Digital Instrumentation and Control 

Elec t ronics (NDICE) a r e physically contained in the CCM. Communication 

to the RNS is via a data bus. 

The cur ren t RNS operating plan calls for r e tu rn of the CCM to ear th for 

maintenance and refurbishment subsequent to completion of every mission. 

The objectives of this plan a r e : (1) replenishment of consumables, (2) ver i f i ­

cation of functionality, (3) verification of redundancies , (4) calibration and 

adjustment of components, and (5) rep lacement of l imited-l ife hardware. 

This provides effective maintenance since over 90 percent of potential RNS 

fai lures a r e located on this module. Space shuttle t ransporta t ion, -which 

provides a protect ive environment during boost and entry, will be used for 

recycl ing. The CCM w^ill include all hardware required to accomplish 

orbi tal onboard checkout including reca l ibra t ion , aided by ground support 

equipment, prior to each miss ion phase. 
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The CCM, shown in F igure 6. 1-1, consis ts of a cyl indrical section employ­

ing i so t ropic in tegra l ly stiffened skin and a set of ou t r iggers . The CCM is 

13. 8 ft in d iamete r , 6 ft in length, and weights 5, 975 lb when fully fueled 

with expendables. The construct ion of the in tegra l ly machined isogrid 

s t ruc tu re permi t s ease of component mounting, since mounting holes at the 

grid in te rsec t ions a r e part of the s t ruc ture . An in tegra l shroud concept is 

uti l ized for meteoroid protect ion. It consis ts of a thin layer of rigid foam 

and a fiber glass shel l . Out r iggers support the APS nozzles , canted 15 

degrees so that the heating from the exhausts of the aft nozzles does not 

exceed the m a t e r i a l l imi ts in the forward dome a r e a . The baseline p robe / 

drogue sys tem is util ized for docking. In o rde r to enable refueling of the 

main propellant tank in orbi t with the CCM in place , a feedthrough refueling 

duct is provided internal ly to the CCM. This 4- in . -d iameter duct contains a 

compensator and two gimbal joints in addition to the automatic deployment 

and coupling mechanism. 

Autonomous navigation of the RNS uses a s t r a p dow^n iner t ia l measur ing unit 

which includes a c c e l e r o m e t e r s , an unknown landmark t r a c k e r , and a horizon 

sensor . The horizon sensor also serves as a backup for the p r imary attitude 

r e fe rence , consisting of two s t a r t r a c k e r s . All s ensor s a re located within 

the CCM in close proximity to each other to es tabl ish close coordination 

and cor re la t ion of data acquired. Provis ion for receiving ground t r a n s ­

miss ion of uplink data will be made as a backup to the nominal autonomous 

navigation scheme. Storage of the propellants for the cryogenic auxil iary 

propulsion sys tem (LO2/LH2) and the p r imary power fuel cell sys tem a re 

in tegrated, using common s torage containers . The propellant tankage and 

conditioning equipment is located c i rcumferent ia l ly within the CCM. This 

equipment consis ts of: (1) hydrogen and LO storage sphe res , (2) turbo-

pumps, (3) gas gene ra to r s , (4) h igh-pressure accumula tors , and (5) p ro ­

pellant control valving. Fluid ducting is run from s torage accumulators 

circunaferential ly to the APS motors located on out r iggers 180 degrees apar t . 

Eleven APS motors a r e mounted on each outr igger . These motors include 

ten 50-lb- thrust m o t o r s , two in each orthogonal plane, and one aft-facing 

1. 6-lb-thrust motor for propellant settling. Deflectors between adjacent 

moto r s a r e provided to protect against burnthrough. 
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SECTION A-A 
Figure 6.1-1. Command and Control Module 
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Fuel cell r eac tan t s a r e tapped off of the h igh-p res su re APS accumula tors . 

After conditioning, these reac tan t s a r e supplied to redundant fuel cel ls . 

The fuel cel ls proposed a r e of the type cur ren t ly under development for the 

Space Shuttle and Space Station p rog rams . These cel ls , generating 2 kw, 

will be the p r i m a r y source of vehicle power. Two rechargeable , low weight, 

AgZn ba t t e r i e s will be provided to supply peaking emergency power. 

Redundant p r o c e s s o r s , capable of satisfying all stage and engine processing 

r e q u i r e m e n t s , a r e connected to a cent ra l high-speed memory to form the 

RNS process ing complex. A bulk s to rage , auxil iary m e m o r y unit holds all 

operat ional and checkout procedures and data for fully autonomous functional 

and checkout operat ion of the RNS. Communications between these p roces ­

so r s and other module subsys tems a r e ca r r i ed on the data bus under super ­

vision of the data bus control ler . The maximum traffic ra te anticipated for 

a development vehicle is about 0. 5 x 10 bits per second. This maximum 

load is derived p r imar i ly from t r ansmi s s ion of data from the modules to 

the data bus control ler before the compress ion operation. An independent, 

hardwired emergency detection sys tem providing emergency commands as 

well as payload display and manual over r ide is provided. 

Te lemet ry and uplink communications a r e ca r r i ed out by redundant t r a n s ­

m i t t e r s and r e c e i v e r s compatible with cur ren t space communications 

networks. 

6. 2 HARDWARE TREE 

This subsection contains a descr ipt ion of the equipment contained in the 

command and control module together with the corresponding design 

conditions and weight. 
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Command and Control Module Hardware Tree 

2, 00 

2. 

2 

3, 00 

3 

4. 00 

4 

4 

Descript ion 

St ructure 

08 

09 

Equipment Support Structure— 
7075-T73 Al alloy sheet meta l and 
machined bracke ts 

Equipment Module Structure 

• Center Section-7075-T73 Al 
alloy plate, in tegra l ly stiffened, 
60 deg waffle, membrane 
thickness 0. 025 in. , r i b height 
0. 420 in. , r i b length 4. 00 in. , 
r ib thickness 0. 050 in. , 
165 in. dia by 72 in. long. 
2 segments , each segment 
fabricated from 1. 0 in. x 
6. 5 ft X 22 ft plate 

• Outriggers—space t r u s s 
10 ft base by 3 ft height. 
7075-T73 angle sections 

Me teo ro id /The rma l Protect ion 

. 02 

Doc 

. 01 

. 02 

Meteoroid Protection—rigid 
foam layer 1. 00 in. thick. 
density 2. 1 Ib/ft^, shroud 
outside foam 0. 020 in. fiber 
glass laminate 

k ing/Clus ter ing 

Forward Docking Structure—Cone 
a s semb l i e s , 4 reqd, 14 in. 
dia X 45 deg cone, in tegral ly 
stiffened, aluminum support 
s t ru t s and attach hardware 

Aft Docking Structure—probe 
a s semb l i e s , 4 reqd, 5 in. 
dia X 23 in. long, aluminum 
support s t ru t s and at tach 
hardware 

Design 
Condit ions/ 

Requirements 

Maximum 
acce lera t ion 
and v ib ra ­
tion 

Engine ope ra ­
tion gimbaled 
hardover 
(285 lb/ in. 
compress ion) 

APS operation 
(100 lb thrust) 

RNS 
P(0) = 0. 9974, 
basel ine lunar 
miss ion aw^ay 
from ear th 
(27 days) 

Longitudinal 
position ± 5 in. , 
l a t e ra l position 
±5 in. , angle, 
pitch or rol l 
±3 deg, longi­
tudinal velocity 
±0. 1 f t / sec , 
l a te ra l velocity 
±0. 1 ft, pitch 
angular 

Weight (lb) 

360 

360 

110 

80 

200 
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Command and Control Module Hardware Tree (Continued) 

5. 00 

5 

5 

6. 00 

6 

Descript ion 

Main Propuls ion 

00 

09 

• 

• 

• 

• 

Nerva Engine (NDICE) 

Orbit Refueling 

4 in. dia x 0. 035 in. s ta in less 
s teel ducting—48 in. long with 
dual stat ic seal flanges at 
both ends 

2 Segment Coupling Flanges , 
coupling segments , motor + 
dr ive sc rews 

4 in. dia p r e s s u r e volume 
compensator 

4 in, dia gimbal joints— 
2 reqd 

Auxil iary Propulsion 

. 01 

• 

• 

Reaction Control System 

Aluminum spher ica l s torage 
tanks , 2014-T6A1, 0. 040 in. 
Weight oxygen = 1, 000 lb 
Weight LH2 = 250 lb 

Storage high-performance 
insulat ion-DAM/net 

Design 
Conditions/ 

Requirements 

velocity ±0 .2 
deg / sec , rol l 
angular veloc-
i t y±0 . 02 
deg / sec , maxi -
nnen re la t ive 
impact velocity 
0. 2 f t /sec 

30 psia, 
3, 000 gpm 
LH2 

Total impulse = 
455,000 l b / s e c . 
Isp = 365 sec 
p = 30 psia 
T = 40°R 

Weight ( 

500 

60 

950 
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Command and Control Module Hardware Tree (Continued) 

Descr ipt ion 

Oxygen accumulator sphere 
2014-T6 A l , 1. 23 ft. dia 
X 0. 53 in. 

Hydrogen accumulator sphere , 
Ti-6A1-4V 3. 9-ft dia 
X 0. 48 in. 

Thrusters—high p r e s s u r e 
film cooled nozzles -
22 requ i red 

Heat exchanger—conditioners 
hel ical tube annular shell , 
s ta in less s teel , ex ternal fiber 
glass insulation—2 requ i red 

Thrus te r control va lves , d i rect 
acting solenoids, normal ly 
closed—48 requ i red 

Squib operated closed, plunger 
type isolation valves—12 requ i red 

Regulators—4 requ i red 

Normally closed di rect acting 
solenoid valves—32 requ i red 

Normally open d i rec t acting 
solenoids—3 requ i red 

Turbine driven centrifugal 
pumps—2 requ i red 

Burst disk rel ief valves— 
2 requ i red 

Check valves—4 requ i red 

Gas genera tors and igniters— 
4 requi red 

Design 
Condit ions/ 

Requirements 

3,000 psia 
T = 360°R 
SF = 2. 5 

3,000 psia 
T = 260°R 
SF = 2. 5 

Thrust 50 I b -
20 requ i red , 
thrust 1.3 Ib-
2 requ i red 

Weight (lb) 
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Command and Control Module Hardware Tree (Continued) 

7. 

• 

• 

00 Astr 

7. 01 

• 

• 

• 

• 

Description 

Filters—2 requ i r ed 

Tubing, all welded joints except 
connections at components, dual 
s tat ic seals at ends 

ionics 

Guidance, Navigation and Control 

2 s tar t r acke r on gimbal mounts 
each which cover ±60 deg conical 
field of view, each t r acke r 
covers 120 deg of opposite 
hemispheres 

Horizon sensor—160 deg field 
of view, conical scanning type 
with two rotat ing sensor 
heads—gimbal mounted 

Landmark t r a c k e r on gimbaled 
mount—120 deg conical field of 
view 

Inert ial mieasuring unit—6 gyros 
in redundant dodecahedron 
strapdown configuration 

Design 
Conditions/ 

Requirements 

4 a rc sec 
pointing 
accuracy 

0. 1 deg 
pointing 
accuracy, 
course attitude 
determination; 
backup position, 
velocity 
deter nnination 

4 a r c sec point­
ing accuracy, 
de termine 
position and 
velocity vector 
during orbital 
operations 

Determine 
vehicle attitude 
in iner t ia l 
space. Drift 
r a t e not to 
exceed 
0. 05°/hr 

Weight (lb) 

310 
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Comimand and Control Module Hardware Tree (Continued) 

• 

• 

• 

7. 02 In 

• 

• 

• 

• 

Descript ion 

12 accelerometers—6 high r ange . 
6 low range 

2 scanning l a se r r adar sys tems 

Optical corner cubes for 
rendezvous and docking 

s t rumenta t ion 

225 t ransducers—pressure . 
t e m p e r a t u r e , flow voltage, etc. 

135 signal conditioning c i rcui t s 

18 ea 16-channel MSI analog 
mul t ip lexers 

18 ea 10-bit analog to digital 
conver t e r s 

Design 
Condit ions/ 

Requirements 

High range 1 g 
to 10-3g, low 
range 
10-3 to 10-6g. 
Scale factor 
e r r o r not to 
exceed 0. 05% 

12 km range, 
range accuracy 
0. 2% or 10 cm, 
range ra t e 
accuracy 1% or 
0. 5 c m / s e c 

Cooperative 
ta rge t for 
space 
rendezvous 

80% of analog 
channels 

60% of analog 
channels 

Data switching 
and 
programming 

1 par t in 1,024 
resolut ion, 
0. 1% 
accuracy 
encoding of 
analog data, 
1 per 
mult iplexer 

Weight (lb) 

210 
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Command and Control Module Hardware Tree (Continued) 

7. 03 C 

• 

• 

• 

• 

• 

• 

• 

• 

D e s c r i p t i o n 

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

2 S-band t r a n s m i t t e r s 

2 r e c e i v e r s and up l ink 
c o m m a n d d e c o d e r s 

T r a c k i n g t r a n s p o n d e r 

2 omn i a n t e n n a s , 1 s t e e r ab le 
d i r e c t i o n a l a n t e n n a 

Data p r o g r a m m e r to cont 
s e q u e n c e i n s t r u m e n t a t i o n 
channe l s 

P C M e n c o d e r to f o r m a t , 
and tag da t a b l o c k s 

Log ic d e c o d e r s 

C o n t r o l l e r s wi th m e m o r y 
r e q u i r e d 

ro l and 

a d d r e s s . 

a s 

Des ign 
C o n d i t i o n s / 

R e q u i r e m e n t s 

Dual r e d u n d a n t , 
c o m p a t i b l e wi th 
D S I F / M S F N 

Dual r e d u n d a n t , 
c o m p a t i b l e wi th 
D S I F / M S F N 

Al low for 
g round t r a c k i n g 

O m n i d i r e c t i o n a l 
for n e a r e a r t h -
s t e e r a b l e for 
l una r d i s t a n c e s 

Capab le of 
r e p r o g r a m m i n g 
to m u l t i p l e 
m o d e s 
( e s t i m a t e 8) 

F o r m a t c o m p a t ­
ib le wi th D S I F / 
M S F N 
p r o c e s s i n g 
capab i l i t y 

A c c e p t s e r i a l 
input i n s t r u c ­
t ions f rom da ta 
bus t e rnn ina l 

Accep t decoded 
s i g n a l s and 
d r i v e c o n t r o l ­
l ab le funct ions 
up to 10 a m p s 
( those wi th 
m e m o r y -
t u r n e d off by 
s e p a r a t e 
c o m m a n d ) 

Weight (lb) 

140 
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Command and Control Module Hardware Tree (Continued) 

Descript ion 

Design 
Conditions/ 

Requir ements Weight (lb) 

7, 04 E lec t r i ca l Power 

2 fuel cells—regulated capi l lary 
m a t r i x type with alkaline 
electrol-yte. 2 kw capacity each 

Hydrogen and oxygen reac tant 
s to rage in tegra ted with APS 
tankage. 300° R and 100 psia 
from accumulator 

2 batteries—AgZn rechargeab le . 
1. 25 kwh capacity each 

2 i nve r t e r s 
frequency-^00 Hz 
vol tage-120v RMS 

Power management regulat ion, 
and switching assembly. Power 
dis t r ibut ion busses . 

Redundant 
cells—each 
capable of 
supplying 
max after-
cooling 
power of 
1. 2 kw plus 
peaking 
power 
r echarge . 
317 kwh to ta l / 
miss ion 

250 lb of 
reac tan t and 
100 lb of 
tankage 
included 

To provide 
emergency and 
peaking power 
for CCM sub­
sys tems , 
50% max 
discharge . 

Redundant pwr 
for motor 
dr iven valves 
for APS and 
fuel cell 
reac tant 
control 

Pr ovide 
redundant 
buses for 
backup 
components, 
fault sensing 
and switching 
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Command and Control Module Hardware Tree (Continued) 

7. 

7. 

7. 

7. 

Descript ion 

• Power and i n t e r - s u b s y s t e m 
functional dis tr ibut ion 

• Instrumentat ion re fe rence 
supply, 5 vdc 

05 E lec t r i ca l Networks 

• Emergency detection, data bus 
and manual control cabling 

• Module interface connectors and 
blind mating panel 

06 Environmental Control 

• Controlled emmiss iv i ty coatings 
and internal e lec t r ica l h e a t e r s . 
as requ i red by each subsys tem 

07 Propel lant Management 

• Point level s enso r s and flow 
me te r s in APS tankage 

08 Onboard Checkout 

• Procuedures s tored and executed 
by DMS 

Design 
Conditions/ 

Requirements 

Flat and round 
wire , copper 
conductors 
with kapton 
insulation 

0. 01% voltage 
reference 

Conductor 
cables, 
kapton or 
polyimide 
insulation, 
copper 
conductors 

Mounted on 
motor driven 
panel 

Included in 
each sub­
system 

Included in 
instrumentat ion 

Software 

Weight (lb) 

85 

60 
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Command and Control Module Hardware Tree (Continued) 

• 

7. 09 

• 

• 

• 

• 

• 

• 

Total 

RCS F 

Total 

Descr ipt ion 

Emergency detection and com­
mand generat ion logic assembly— 
50 functions capacity 

Data Management 

2 p r o c e s s o r s in 1 + 1 configura­
tion—32 bit word, 4 jxsec add, 
32, 000 word high speed s torage 

Shared high speed memory , 
8, 000 words , 32 b i t s , 1 p-sec 
cycle t ime 

Auxil iary memory , 10^ bit 
s torage capac i ty , magnetic 
tape 

Data bus con t ro l l e r / p roces so r 
I/O 

System t ime base 

4 data bus t e rmina l s 

dry weight (including 200 lb continger 

ropellant 

operat ional weight 

Design 
Condit ions/ 

Requirements 

Independent 
detection and 
safing. Capable 
of accepting 
manual inputs 
fronni payload 

Redundant 
p roces so r s 
with r e l i ­
ability of 
38,500 hr 
MTBF 

Multiple access 
channels—1 for 
each processor 

Bulk s torage of 
all operational 
and checkout 
procedures 

Buffer 
p rocessor to 
interfacing 
c i r cu i t ry 

Provide t ime 
base data for 
procedure 
control 

NDICE, N&G, 
C&C, and 
ins t rumentat ion 
0. 5 X 10° b i t s / 
sec data r a t e 

i cy) 

We 

4, 

1. 
5, 

ight (lb) 

315 

725 

250 

975 
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Section 7 

NERVA INTERFACE 

The NERVA interface section contains the engine descr ipt ion, a descr ipt ion 

of the functional interfaces between NERVA and the s tage, the physical in ter ­

faces between NERVA and the stage using an interface control drawing, and a 

sumnnary of interface recommendat ions . 

The NERVA engine is del ivered for assennbly to the nuclear stage with the 

folio-wing separa te subassembl ie s : (1) a nuclear engine module assembly , 

(2) an assembly consist ing of the s tage-mounted portion of the NERVA digital 

ins t rumentat ion and control electronic sys tem, (3) two PSOV assembl i e s , and 

(4) a cooldown supply module (CSM) assennbly, 

7. 1 NERVA ENGINE 

This section contains an operat ional descr ipt ion of the NERVA engine, 

physical configuration cons idera t ions , and NERVA performance summary . 

The requ i rement s for thrus t vector control , cooldown, and engine s t ruc tura l 

dynamics a r e revie-wed. 

7. 1. 1 Descript ion 

The NERVA engine (Figure 7. l - l ) uti l izes a nuclear reac tor to provide heat 

to l iquid-hydrogen propellant in a "full-flow" cycle and thus obtain a high-

specif ic- impulse propulsive force. Thrust is generated 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 reflector before 

reaching the r eac to r . Energy t r ans fe r r ed to the hydrogen in the cooling p a s ­

sages is ext racted by the full-flow turbines to drive the pumps. Bypass 

valves control the output of the turbopumps and thus regulate channber p r e s s u r e . 
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structural Support 
Coolant Line-

PSOV 

Propellast Imlet Lime 

Upper Thrust Structure 

GixDibal Pivot 

Gimbal Aetxiator 

Lower Thrust Struct\u:e 

Turbine Discharge Line 

Pressure Vessel Assembly 

Pump ITis charge Line 

Nozzle Assembly 

Figure 7.1-1 NERVA ENGINE 
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R e a c t o r po-wer i s r e g u l a t e d to m a i n t a i n a d e s i r e d c h a m b e r t e m p e r a t u r e by 

c o n t r o l d r u m s and by s t r u c t u r a l s u p p o r t coo lan t v a l v e s which c o n t r o l the 

h y d r o g e n d e n s i t y in the r e a c t o r s u p p o r t s t r u c t u r e . 

NERVA p e r f o r m a n c e c h a r a c t e r i s t i c s a r e s u m m a r i z e d in Table 7. l - l . Two 

b a s i c e l e m e n t s of eng ine c o n t r o l a r e t u r b i n e p o w e r and r e a c t i v i t y . Both a r e 

used in the c o n t r o l of the p r i m a r y eng ine v a r i a b l e s : c h a m b e r t e m p e r a t u r e 

and p r e s s u r e as d e m a n d e d by the eng ine p r o g r a m m e r . Inputs to the p r o ­

g r a m m e r c o m e f r o m the s t a g e or g r o u n d - t e s t c o n t r o l and a r e t yp ica l ly the 

s t a r t c o m m a n d , s e t p o i n t s , shu tdown, and e m e r g e n c y a c t i o n s . 

The NERVA engine r e l i a b i l i t y a l l o c a t i o n is 0 .995 for the 10-hour o p e r a t i n g 

l i fe . The eng ine wi l l i n c o r p o r a t e m e a n s of p r e v e n t i n g a c c i d e n t a l c r i t i c a l i t y 

d u r i n g a l l g r o u n d and s p a c e o p e r a t i o n s . 

The engine is be ing d e s i g n e d for m a i n t a i n a b i l i t y both on the g round and in 

s p a c e . The fluid flow p a t h s a r e i l l u s t r a t e d in the s c h e m a t i c . F i g u r e 7. 1-2. 

P r o p e l l a n t flo-ws f r o m the p r o p u l s i o n m o d u l e t ank t h rough p r o p e l l a n t shutoff 

v a l v e s (PSOV) to the t u r b o p u m p s . After l e a v i n g the t u r b o p u m p s , the flow 

d i v i d e s bet-ween the r e f l e c t o r , the s t r u c t u r a l s u p p o r t s y s t e m , and s t r u c t u r a l 

s u p p o r t b y p a s s flo-w. Flo-w t h r o u g h the s t r u c t u r a l s u p p o r t s y s t e m c o n t r o l s the 

r e a c t i v i t y of the n u c l e a r s u b s y s t e m in con junc t ion wi th the con t ro l d r u m s . 

Tab le 7. 1-1 

NERVA ENGINE DESIGN 

T h r u s t (vacuum) 7 5 , 0 0 0 lb 

C h a m b e r p r e s s u r e 450 p s i a 

Speci f ic i m p u l s e (vacuum) 825 sec 

C h a m b e r t e m p e r a t u r e 4 , 2 5 0 ° R 

Life 10 h r s 
60 c y c l e s 
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gUi* ^ I ^J';y^ Preasurisation 

Figure 7 .1-2 NERVA SCHEMATIC 

S t r u c t u r a l s u p p o r t b y p a s s flow coo l s the r e a c t o r c o r e s u p p o r t p l a t e , but i s not 

used to c o n t r o l r e a c t i v i t y . F l o w s f r o m the r e f l e c t o r , s t r u c t u r a l s u p p o r t 

b y p a s s , and s t r u c t u r a l s u p p o r t s y s t e m a r e c o m b i n e d to ex i t f r om the p r e s s u r e 

v e s s e l into the t u r b i n e . P a r t of the flow is b y p a s s e d a r o u n d the t u r b i n e , 

u s ing the t u r b i n e b y p a s s c o n t r o l v a l v e (TBCV) for c o n t r o l of c h a m b e r p r e s ­

s u r e . The flow f rom the t u r b i n e is then r e i n t r o d u c e d into the p r e s s u r e v e s s e l 

and f u r t h e r hea t ed in the r e a c t o r c o r e be fo re ex i t ing f r o m the n o z z l e . P a r t 

of the flow in the t u r b i n e e x h a u s t i s d i v e r t e d t h r o u g h the s t age p r e s s u r a n t 

c h e c k v a l v e (SPCV) for p r o p u l s i o n and p r o p e l l a n t modu le p r e s s u r i z a t i o n . In 

coo ldown , a s e p a r a t e t ank fluid l ine is u s e d , c o n t r o l l e d by the cooldown 

s y s t e m c o n t r o l v a l v e (CSCV) for r e m o v i n g d e c a y h e a t f r o m the r e a c t o r . 

The NERVA i n t e r f a c e and the eng ine o v e r a l l g e o m e t r y , inc luding i n t e r p u m p 

s p a c i n g , wh ich affects t ank b o t t o m g e o m e t r y and t ank bo t tom p e n e t r a t i o n , 

a r e p r i m a r i l y d i c t a t ed by c u r r e n t g round t e s t i n g r e m o v a l and r e p l a c e m e n t 
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cons t ra in t s . Cur ren t ground removal and replacement capabi l i t ies , and a 

ground maintenance policy a r e not neces sa r i l y compatible -with des i red flight 

maintenance and flight maintainabil i ty capabi l i t ies . However, at p resen t , 

stage design philosophy only const ra ins the interface between the engine and 

the run tank by flight cons t ra in t s . The propulsion module used for the MDAC 

RNS concept in tegra tes the engine with a small run tank. This el iminates the 

requ i rement for remote engine separat ion at the run tank/engine interface. 

This interface could therefore be designed with p r i m a r y flight requ i rements ; 

namely , c losed-space pumps, minimum length ducting, and optimunn fluid 

and e lec t r i ca l connector locat ions. The only interface that would then be 

requi red to have remote capabili ty -would be the interface bet-ween the propul­

sion module and the tes t stand for ground tes t ing. 

7 . 1 . 2 Thrust Vector Control 

Based on a I. 5-degree th rus t vector misal ignment for the NERVA and stage 

interface, a minimum engine position gimbal l imit of ±3 degrees has been 

es tabl ished by controls s tudies . Table 7. 1.2 summar izes the engine gimbal 

r e q u i r e m e n t s . 

Studies have shown that it is highly des i rab le to have the capability of t r i m ­

ming the NERVA pr ior to s t a r t . With this capability the NERVA misal ign­

ment would be establ ished during its f i rs t use and p re t r immed out for 

subsequent u se s . With the f irs t use being t rans lunar injection, 

requir ing on the o rde r of half an hour of operat ion, the effect of the 

re la t ively short attitude t rans ien t on the velocity e r r o r s at cutoff will 

be min ima l . Fo r the subsequent NERVA operat ions , many of very short 

durat ion, the vehicle attitude t rans ient could be highly reduced by p r e t r i m -

ming the NERVA. 

Table 7. 1-2 

ENGINE GIMBAL REQUIREMENTS 

Maximum Engine Deflection ±3 deg 

Maximum Engine Rate 0.25 deg / sec 
2 

Maximum Engine Accelera t ion 0.5 deg / sec 
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The engine nnanufacturer should provide the stage contrac tor with a log book 

containing the geomet r ic misal ignment of the mounting plane for each engine. 

Sufficient adjustment should be allowed in the actuator end fitting to adjust 

the actuator length to account for this misalignnnent. 

The NERVA gimbal actuator model being used by MDAC in control 

sys tem studies was obtained from ANSC le t ter 7410:1071 dated 10 July 1970. 

This le t te r states that the actuator can be thought of a s : 

A. Revers ib le 28-vdc motor . 

B. Multistage gear t r ansmi s s ion . 

C. Ball scre-w mechanism. 

D. Rate and posit ion feedback, 

E. Compensated servopower amplif ier . 

The le t te r further s ta tes that the actuator will nneet or exceed the deflection, 

r a t e , and acce lera t ion requ i rement s listed in the table . ANSC is designing 

the actuator for a maximum force output of 20, 000 lb. P r e l im ina ry calcula­

tion by MDAC indicates that the static load could be g rea t e r than the p resen t 

actuator maximum force capabili ty. Therefore , the design conditions that 

ANSC is using should be revie-wed. 

The gimbal actuator t ransfer function given by ANSC in the referenced le t ter 

i s : 

e(s) ^ 8310 

6^^^^ S^ + 200 S'̂  + 1774 S + 8040 

where : 

9 is actuator position and 6c is the commanded actuator position 

s is the laplace t ransformat ion var iab le . 

This t r ans fe r function has been converted by MDAC for controls studies to: 

e(s) ^ (6.4)^ 
ec(s) s^ + 2(0.695) (6.4) S + (6.4)^ 
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To obtain the above function, a third o rder pole at 196 radians was dropped 

since it will not affect the attitude control sys tem. 

Control sys tem studies have indicated that the actuator t ransfer function is 

not opt imum. In general the bandwidth of this system is g rea te r than neces ­

sary with it contributing ve ry lit t le to the required control system attenuation. 

It should be possible without sacrificing low frequency phase lag to obtain a 

po le -ze ro configuration -which would provide more high frequency attenuation 

to the total vehicle control loop. In other words , in designing the actuator 

with i ts attendant response cha rac t e r i s t i c s the effect on the total vehicle 

control sys tem should be considered. 

7. 1. 3 Cooldo-wn Thrust 

The vehicle orbital attitude dis turbances result ing from pulsed aftercooling 

can be a v e r y significant contribution to total coast attitude control propellant 

consumption. These dis turbances resu l t f rom, and a re proportional to, the 

th rus t vec tor misal ignment . Three a l ternat ives for thrust vectoring during 

cooldo-wn a re poss ib le : (1) not controll ing the engine angular position, 

(2) positioning and maintaining the engine mechanically "centered, " and 

(3) trinnming the effective thrus t vec tor through the vehicle eg. 

The f i rs t of these a l ternat ives resu l t s in excessive coast attitude control 

propellant usage and is totally unacceptable. The second is an improvement , 

but could st i l l r e su l t in an excess ive requirennent. In the third al ternat ive 

an active control system would be used periodical ly to r e t r i m the th rus t 

vec tor . In this approach the d is turbances result ing from aftercooling -would 

be mininnal. The weight saving (in coast attitude control propellant and 

tankage) will far offset the added connplexity of providing for active thrust 

vector control during coast . The NERVA gimbal actuator should be designed 

to allow for periodic r e t r imming . After trimnning the actuator should lock 

and hold in the las t position. 

7. 1.4 St ruc tura l Dynamics 

Engine /s tage s t ruc tu ra l dynamic analyses were conducted during the Phase II 

and III s tudies . These analyses sho-w that these dynamics could be a problem 
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for vehicle configurations where the engine is launched integral ly with the 

s tage . In the baseline concept the NERVA is brought to orbit as par t of the 

propulsion module in the space shuttle cargo bay. In an a l te rna te mode the 

propuls ion module attached to a propellant module is launched integral ly by 

an INT-21. In previous candidate configurations of Class I the NERVA is 

attached to the stage by an i c e - c r e a m - c o n e - s h a p e d lower LH tank. This 

configuration -was studied to a s s e s s its launch dynannics. 

The data sources used in these studies a r e shown belo-w: 

A. Saturn INT-21 booster was assumed. 

B. A 10-deg half-angle cone aft LH-, dome and fiber glass honeyconnb 
sandwich thrus t cone were used Tor the ice c r e a m cone configuration. 

C. The NERVA dynamic model was obtained from Reference 7 - 1 . The 
f ree- f ree data obtained from Reference 7-2 for the "B" configuration 
of the NERVA in the 0.45 to 225 deg X-Y plane were used. The first 
six modes of this model (-which a r e not component modes) were used. 
The resonant frequencies of these modes a re 3 .34 , 14. 34, 18. 14, 
36 .19 , 44 ,09 , and 47.96 Hz. 

D. Two percent s t ruc tu ra l damping was used for the NERVA. 

E. The la te ra l acce lera t ion t rans ien t used to excite the dynamic model 
was obtained from Reference 7-3 . The data cha rac t e r i s t i c of 
r e l e a se and lift-off was used. This t rans ient has appreciable energy 
at 2 .46 , 4 . 50 , 5 .37, 7 .99 , 9 .30, and 11.2 Hz. 

References for Section 7. 1 

7-1 Dynamic Analysis Report . Aerojet Nuclear System Company 
Report , S038-CP090290-FI , September 1970. 

7-2 Structural Infornnation Requested by McDonnell Douglas Corporat ion. 
Aerojet Nuclear System Company Let ter 7410:0214, 12 October 
1970. 

7-3 Review of Loads Table and Acoustic Levels . MSFC Let ter 
S&E-ASTN-AA-70-42, 12 May 1970. 

7.2 RNS/NERVA FUNCTIONAL INTERFACE 

This section defines the functional interface between the NERVA engine and 

the RNS propulsion module. This interface is covered for each of the three 

technologies: s t ruc tu ra l , fluid, and e lec t r i ca l . 
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7 . 2 . 1 St ruc tura l 

S t ruc tura l at tachment is provided between the NERVA engine and the run tank 

th rus t s t r u c t u r e . The function of this interface is to t r a n s mi t all engine 

gimbal , actuator and iner t ia l loads to the thrus t s t ruc ture which dis t r ibutes 

these loads into the propulsion module propellant tank. The most severe 

design condition for this interface occurs -with the engine gimbaled hard over 

at 5.7 degrees (based on V2 x 3 degrees for control plus 1.5 degrees for 

misal ignment) under 75,000 lb of th rus t . This condition produced the followin 

ult imate loads: 

Monnent I. 04 x 10 in. -lb 

Shear 8, 050 lb 

Axial 97,500 lb 

These ult imate loads resul ted in a maximum compress ive point load of 

2 5,42 0 lb at the s t rut at tach points. The engine manufacturer should verify 

these loads and provide the stage cont rac tor with a loads envelope for the 

interface plane. The actual actuator location should be reviewed to determine 

the impact on stage-induced loads . These loads should be distributed 

uniformly by the upper th rus t s t ruc tu re and not introduced into one set of 

s t ru ts only. 

Launch of NERVA on the propulsion module inside the space shuttle cargo bay 

was invest igated, employing the p re l imina ry load factors shown in 

Table 7. 2 - 1 , The NERVA engine -was assumed to be supported at the nozzle 

throat as recommended by the engine manufacturer . The load factors a re 

based on MSFC memo PD-SA-70-269 , dated 13 November 1970. 

7 . 2 . 1 . 1 Biological (Disk) Shield 

The cu r ren t NERVA design provides for a removable disk shield with a weight 

of 10,000 lb which can be used to provide biological shielding for manned 

m i s s i o n s . For Class 1-H, geomet ry is used to reduce the radiation dose to 

the payload. This reduces the requ i rement for the external shield to 

2,900 lb. 
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Table 7 .2 -1 
PRELIMINARY ACCELERATION LOAD FACTORS - -

SPACE SHUTTLE PAYLOAD COMPARTMENT 

(Based on payload at eg location. Sign conventions based 
on orb i te r reference datum, Level II requirennents) 

Mission Phase /Even t 

Launch r e l ea se t r ans ien t 
(within 2 sec of r e l ease ) 

Lift-off +5 sec 

Max q-alpha region 
(35 to 55 percent 
booster burn) 

Maximum acce le ra t ion 
(80 to 100 percent 
booster burn) 

Cutoff/separation 
(within 2 sec of booster 
cutoff) 

Separation +5 sec 

Maximum acce le ra t ion 
(60 to 100 percent 
orbi ter burn) 

Reentry 

Landing / taxiing /b raking 

Longitudinal (X) 

Steady 
(g) 

+ 1.5 

+ 1.5 

+2.0 

+3.0 

-

+ 1.5 

+3.0 

-1 ,0 

-1 .0 

Dynamic 
(g) 

±2.0 

±0,25 

±0,40 

±0,25 

±3.0 

±0.25 

±0.25 

-

~ 

Late 

Steady 
(g) 

-

-

-0 .75 (Z) 

-0 .5 (Z) 

-

-

-

-4 ,0 (Z) 

-2 .0 (Z) 

0.5 (Y) 

ra l (Y/Z) 

Dynamic 
(g) 

±2. 0 (Y & Z) 

±0,25 (Y & Z) 

±1.5 (Y & Z) 

±0.25 (Y & Z) 

±2.0 (Y & Z) 

±0. 1 (Y & Z) 

±0. 1 (Y & Z) 

±0. I (Y & Z) 

±2, 0 (Z) 

±0.5 (Y) 

7. 2. 1. 2 Mass P r o p e r t i e s 

The cu r ren t calculated weight for the NERVA engine without the external 

shield in a flight operating condition is 27,728 lb, including 5 00 lb for the 

s tage-mounted port ion of NDICE. 

The eg location without the external shield is at station 128, or 128 in. below 

the engine/s tage interface. 

174 



I 
Moment of iner t ia values for the operating engine (dry) taken about the gimbal 

point a r e 

.2 
Roll axis 

Pi tch axis 

Ya-w axis 

3,800 slug-ft 

83,618 slug-ft ' 

83,507 slug-ft ' 

7. 2. 1. 3 St ruc tura l Dynamics 

In the MDAC basel ine , NERVA is launched in the space shuttle cargo 

bay. However, for the cu r ren t engine basel ine launch by the INT-21, 

Phase III analyses showed that NERVA re s t r a in t is required to l imit la te ra l 

d i sp lacements . Two specific concepts of engine res t ra in t have been con­

sidered for the INT-21 case . These a re (1) la te ra l t ies between the engine 

at the nozzle throat and ascent shell and (2) axial s t ru ts between the thrust 

s t ruc ture and engine p r e s s u r e ves se l . These concepts a re shown in 

Figure 7, 2 - I, 

Gimbal. 
Actuator (2) Ascent 

Shell 

Lateral 

Tie (U) Locked-

Method 1 

Up, -Axial Strut (2) 

Method 2 
Locked Actuators, 2 Axial 
Struts No lateral Ties 

Figure 7.2-1 ENGINE SUPPORT SCHMES 
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Tables 7 .2-2 and 7 .2-3 l is t the resonant frequencies obtained for the standard 

and hybrid launch configurations. This is not the baseline launch configura­

tion selected for the hybrid. Also sho-wn in these tables a r e the resonant 

frequencies for var ious r e s t r a i n t concepts and spring r a t e s . As can be seen 

from these data, l a t e ra l t ies between the nozzle throat and ascent shell a re 

a far more effective n:iethod of ra is ing the frequency than the axial s t ru t s . 

As can be seen from these data , for a typical c a se , the f i rs t canti levered 

frequency is ra i sed from 0. 97 to 2. 34 Hz and 0. 63 to 2 .01 Hz for the standard 

and hybrid launch configurations, respect ively . 

In the case of the MDAC basel ine space shuttle t ranspor ta t ion mode, NERVA 

Is attached to the propulsion module and is launched to orbit inside the cargo 

bay of the space shuttle as shown in Figure 7 . 2 - 2 . The propulsion module 

is deployed in orbit by the space shuttle payload deployment mechanism. 

The module is launched with i ts propellant tank dry and unpre s su r i zed . 

Launch and boost loads associa ted with shuttle launch impose requi rements 

on the propulsion module and NERVA -which exceed those anticipated for 

space nuclear engine operat ion. Table 7 .2 -1 provides accelera t ion load 

factors for the space shutt le . Based on these loads and the low unres t ra ined 

frequencies sho-wn in Table 7 . 2 - 3 , the capability of providing for engine 

l a t e ra l support such as indicated in Figure 7 ,2-2 is recommended. This 

scheme would use re t rac tab le s t ruc ture to allow deployment. 

7. 2. 2 Fluid Conditions 

The propel lant conditioning requ i rements for NERVA steady state full po-wer 

operation a r e defined by F igures 7 .2-3 and 7 .2 -4 , derived from AGC 

Let ter 7410:1075, 15 July 1970, which includes a s teady-s ta te operating 

p r e s s u r e of 26 psia , sa turated liquid, with zero NPSP. Reduced flo-w ra tes 

a r e permi t ted at ze ro NPSP, and saturated liquid for p r e s s u r e s below 

26 psia to provide autogenous s t a r t capability. The RNS design provides for 

a NERVA malfunction mode. However, the total p r e s s u r e (saturat ion 

p r e s s u r e plus NPSP) will not exceed 26 psia for such a mode. 

During pulsed aftercooling, the RNS provides saturated liquid to the bypass 

line at a minimum p r e s s u r e of 16 psia . 
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T a b l e 7. 2 -2 

RESONANT F R E Q U E N C I E S (Hz) 

STANDARD CONFIGURATION 
( 1 0 - D e g r e e Aft Dome) 

Without 
N u m b e r R e s t r a i n t 

Ax ia l S t r u t s Be tween the 
T h r u s t S t r u c t u r e and 

P r e s s u r e V e s s e l 

1 x 1 0 
l b / i n . 

2 x 1 0 
l b / i n . 

4 x 1 0 
l b / i n . 

L a t e r a l T i e s Betw^een the 
E n g i n e and A s c e n t She l l . 

Tie a t N o z z l e 

5. 0 X 10' 
l b / i n . 

10 X 10^ 25 X 10^ 
l b / i n . l b / m . 

0.97 1. 53 1. 56 1. 57 1. 79 2. 34 3. 50 

4 . 92 

6 .26 

6 .26 

7. 71 

6 .26 

8. 09 

6 .26 

1. 32 

4 . 92 

6 .26 

4 . 92 

6 .26 

4 . 92 

6 . 2 7 

16. 12 16. 12 16. 13 16. 13 16. 12 16. 12 16. 12 

17. 75 17. 75 17. 75 17. 76 17. 75 17. 75 17. 76 

2 1 . 4 5 24. 01 2 4 . 4 3 2 4 . 6 9 2 1 . 4 5 2 1 . 4 7 2 1 . 4 8 



T a b l e 7. 2 -3 

RESONANT F R E Q U E N C I E S 

I N T E G R A L LAUNCH O F P R O P U L S I O N MODULE (HYBRID) 

10 l b / i n . L a t e r a l T ie 
Mode Without B e t w e e n the 

N u m b e r R e s t r a i n t E n g i n e and A s c e n t Shel l 

1 

2 

3 

4 

5 

6 

0 .63 

2 . 2 8 

4 . 6 6 

6. 55 

9 .26 

14 .25 

2. 01 

2 . 4 7 

4 . 6 6 

6 .55 

9 .26 

14.25 

t o Lower Thrust S t r u c t u r e t o NERVA Nozzle Ih roa t 

F igure 7 .2 -2 PROPULSION MODULE IN ORBITER CARGO BAY 
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The p r e s s u r i z a t i o n system opera tes with NERVA bleed gas del ivered at 

225 °R. Separate gas s torage for p r ep re s su r i za t i on is not provided. This 

approach makes full use of NERVA boots t rap s tar tup capabili ty. Stage 

p r e s s u r a n t demand is sumnnarized in Table 7 .2-4 for the var ious thrus t 

modes and opera t ions . 

P r i o r to s tar tup is is n e c e s s a r y to chill down the active portion of the RNS 

feed sys tem to ensure propellant conditions for NERVA and to accomplish 

a predictable s tar tup operat ion. The feed system interfaces that requ i re 

conditioning include the two legs of the NERVA feed sys tem between the 

turbopump and the run tank, and the interfaces between the RNS modules . 

These a r e summar ized in Table 7 . 2 - 5 . All the stage feed ducting uses two 

bas ic types of flexible elements—gimbal joints and l inear p r e s s u r e volume 

connpensators—which account for a major portion of the weights of those 

s y s t e m s . Chilldow^n tinne requ i rements were based on the minimal p e r m i s ­

sible t ime for chilldown of each interface, taking into considerat ion film 

boiling heat t ransfe r for a duct initially at ambient t empera tu re and providing 

a margin of safety for flow surges . An integrated stage/engine pump-fed 

Table 7. 2-4 

RNS PRESSURANT DEMAND 

Operation Flow Rate ( lb /sec) 

Steady-s ta te expulsion 0.58 
(including run tank 
p repressur i za t ion) 

Steady state with 0.64 
p r e s s u r e control active 

Propel lan t module 5. 58 

p ressu r i za t ion 

Ful l -power run tank refill 0.81 

NERVA emergency mode 0.35 
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T a b l e 7 . 2 - 5 

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

E q u i v a l e n t 
M a s s Leng th Boiloff Chi l l T ime 

I n t e r f a c e C o m p o n e n t s (lb) (ft) (lb LH;,) ( sec) 

NERVA PSOV 973 8 . 9 92 43 
(each s ide ) 9 in . feed duc t* 

T u r b o p u m p 
PDKVA 

Run t a n k / 12- in . feed duc t* 263 H 28 34 
p r o p e l l a n t 
m o d u l e 

* Inc ludes g i m b a l jo in t s . 

ch i l ldown s y s t e m which is l o c a t e d in the run t ank is e m p l o y e d . Its o p e r a t i o n 

is i n t e g r a t e d wi th the r u n tank r e f i l l funct ion. 

F i g u r e 7 . 2 - 5 shows a s c h e m a t i c of the i n t e g r a t e d s y s t e m concep t c o m p a t i b l e 

w i th the c u r r e n t NERVA i n t e r f a c e . The p r o p u l s i o n modu le r u n tank con ta ins 

red\andant s u b m e r g e d ac m o t o r - d r i v e n cen t r i fuga l p u m p s . An i n v e r t e r is 

p r o v i d e d for e a c h m o t o r to u t i l i ze the dc power b u s . E a c h pump is s ized for 

full s y s t e m chi l ldown c a p a c i t y . In n o r m a l o p e r a t i o n at r e d u c e d flow the 

p u m p s w^ill o p e r a t e a t a h i g h e r h e a d . The p a r a l l e l nnanifolded p u m p s d i s ­

c h a r g e v ia two antibackflow^ c h e c k v a l v e s into a h e a d e r tha t d i r e c t s flow 

f o r w a r d to the s t a g e m a i n p r o p e l l a n t feed duc t ing and aft to the eng ine . 

R e t u r n for s t age feed duct ch i l ldown is a c c o m p l i s h e d w^ith the re fue l ing s p r a y 

n o z z l e b y p a s s s y s t e m on the r u n t ank and the duct b locking v a l v e s loca t ed in 

e a c h p r o p e l l a n t m o d u l e . Th i s s y s t e m p e r m i t s condi t ioning of the p r o p e l l a n t 

m o d u l e to p r o p u l s i o n nnodule e x t e r n a l feed duc t ing . NERVA feed systenn 

ch i l ldown cond i t ions the in le t duc t ing to the NERVA t u r b o p u m p , the p u m p , and 

p u m p d i s c h a r g e duc t ing to the l oca t i on of the punnp d i s c h a r g e va lve (PDKVA). 

T h e r e a r e two such s e c t i o n s for the duel t u r b o p u m p conf igu ra t ion . The pumip 

shutoff v a l v e (PSOV) and p u m p d i s c h a r g e va lve a r e c lo sed du r ing ch i l ldown. 
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7. 2. 3 E lec t r i ca l 

E lec t r i ca l interfaces between NERVA and RNS subsystems exist both in the 

CCM and in the propulsion module. The interface in the CCM is accomplished 

by using the stage data bus between the NDICE and the RNS data management 

subsys tem. The stage data bus is shared by NDICE for t r ansmiss ion of 

multiplexed data from the propulsion module to the CCM where dedicated 

data bus t e rmina l s for NDICE a r e ass igned. A bat tery integral to the stage 

pow^er subsys tem is provided for propulsion module peaking power r equ i r e ­

ments . Signal conditioning, multiplexing and digitizing of engine ins t ru­

mentat ion, and decode of engine control signals a re performed by the NDICE 

components on the propulsion module pr ior to (for instrumentation) or sub­

sequent to (from control signals) transnnittal on the data bus. Figure 7.2-6 

shows the functional interface between stage and engine e lec t ronics . 

7 . 2 . 3 . 1 P owe r 

The NERVA engine r equ i re s 28-vdc power at var ious power leve ls , depending 

on which phase of the miission the engine is executing. Figure 7 .2-7 shows 

an engine power demand profile for a single burn. Two power levels a re 

shown: (1) NDICE power, which is dissipated in the CCM, at 500 w during 

engine operat ion, 200 w during cooldown, and 60 w during coast periods; 

(2) total power at 2,300 w with 3,500 w peaks during engine operation, 2 00 w 

with 1, 000 w peaks during aftercooling and 60 w during coast . Alternating 

cu r ren t power requ i rements will be satisfied by the use of local inver ters in 

each module. Engine requirennents will be satisfied by engine inver t e r s . 

P rec i s ion reference ins t rumentat ion power supplies will be integral to the 

local instrunnentation package. 

Power quality will be 28 ±4 vdc and will be distr ibuted as required to the 

engine from the forw^ard port ion of the run tank. The vehicle skin will not be 

used as a r e tu rn path for power or s ignals , but will serve as a noncurrent 

ca r ry ing re fe rence . Environmental control will be provided internal to the 

equipment and use a port ion of this pow^er for internal e lec t r ica l hea te rs . 

400 Hz ac ±1 percent v/ill be available as a reference frequency in the p ro ­

pulsion module, as will the data bus clock of 0. 5 MHz. 
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7 . 2 . 3 . 2 I n s t r u m e n t a t i o n 

NERVA i n s t r u m e n t a t i o n wi l l be c o n d i t i o n e d , m u l t i p l e x e d , and d ig i t i zed p r i o r 

to i n s e r t i o n on the RNS da t a b u s . A d e d i c a t e d da ta bus t e r m i n a l is p rov ided 

on the p r o p u l s i o n m o d u l e for NERVA i n s t r u m e n t a t i o n and c o n t r o l func t ions . 

The i n s t r u m e n t a t i o n c h a n n e l s have m u l t i p l e (eight e s t i m a t e d ) i n t e r n a l l y 

p r o g r a m m e d s e q u e n c e s of s a m p l i n g wh ich a r e c o m m a n d e d by a s ingle nnode 

s e t i n s t r u c t i o n t r a n s m i t t e d on the d a t a b u s . C a l i b r a t i o n c a p a b i l i t y •will be 

i nc luded on ind iv idua l i n s t r u m e n t a t i o n channe l s and c o m m a n d e d by an encoded 

s i g n a l f r o m the da ta b u s . P r o v i s i o n is a l lowed for h a r d l i n e rou t ing of a 

l i m i t e d s e t of e m e r g e n c y funct ions to the CCM. 

A l l o w a n c e is m a d e for 266 eng ine ana log i n s t r u m e n t a t i o n c h a n n e l s for o p e r a ­

t i o n a l v e h i c l e s and 407 c h a n n e l s for d e v e l o p m e n t v e h i c l e s . Ground t e s t 

i n s t r u m e n t a t i o n is s e p a r a b l e and independen t of t h e s e a l l o w a n c e s . The 

d i g i t i z e r wi l l encode to 10 b i t s wi th an a c c u r a c y of 0. 1 p e r c e n t . 

7 . 2 . 3 . 3 C o n t r o l 

C o n t r o l of eng ine funct ions wi l l be p e r f o r m e d e x c l u s i v e l y by NDICE. Con t ro l 

s i g n a l s wi l l be g e n e r a t e d by NDICE c o m p o n e n t s in the CCM and t r a n s m i t t e d 

on the s t a g e d a t a bus to the p r o p u l s i o n m o d u l e . T h e s e c o m m a n d s wi l l be 

d e c o d e d , and a p p r o p r i a t e d r i v e r s in the NDICE c o m p o n e n t s on the p r o p u l s i o n 

m o d u l e wil l effect c o n t r o l . P r o v i s i o n is m a d e for h a r d l i n e c o n t r o l of a 

l i m i t e d n u m b e r of e m e r g e n c y funct ions f rom the CCM to the NERVA eng ine . 

E n g i n e g i m b a l s i g n a l s wi l l be supp l ied by the s t age NG&C s u b s y s t e m and the 

a c t u a t o r s c o n t r o l l e d by s t a g e d r i v e r s mounted on the p r o p u l s i o n m o d u l e . 

E n g i n e checkou t o p e r a t i o n s •will be p e r f o r m e d by p r o c e d u r e s s t o r e d in NDICE 

and d a t a for e v a l u a t i o n wil l be supp l ied t h r o u g h the o p e r a t i o n a l da ta c h a n n e l s . 

7 . 2 . 3 . 4 I n f o r m a t i o n T r a n s f e r 

I n f o r m a t i o n wi l l be t r a n s f e r r e d b e t w e e n t h e NDICE and the s t age da ta m a n a g e ­

m e n t s u b s y s t e m in the C C M . Two following c l a s s e s of da t a a r e ident i f ied: 

A. Stage C o m m a n d s to NDICE—Specif ic c o m m a n d s to c o n t r o l RNS 
o p e r a t i o n s •will be r e q u i r e d to be ac ted upon by the NDICE. C h a r a c t e r ­
i s t i c a l l y t h e s e would inc lude (1) p r e s t a r t , (2) engine s t a r t , (3) se t 
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th rus t or thro t t le , (4) shutdown, (5) hold cooldown pulse , (6) checkout, 
(7) ins t rumentat ion mode set , and (8) var ious emergency commands . 
These commands will be t r ansmi t t ed , in encoded form, on the RNS 
data bus . 

B. Status and Data Messages—Various status and data messages will be 
t ransmi t ted between the NDICE and the stage data management sub­
sys tem (DMS). These could include state computation r e s u l t s , 
health information, e s t ima tes of tinne to next event, p r o c e s s o r 
activity mon i to r s , and specific data. It is expected that a continuous 
flow of encoded data will c ro s s the RNS data bus between NDICE and 
the DMS during the miss ion . 

7 . 2 . 4 Mission Operations 

The RNS nnission operations impact the NERVA functional interface through 

specification of thrus t modes for miss ion maneuve r s , s teady-s ta te operating 

t i m e s , const ra in ts on the s tar tup r a m p , and aftercooling utilization. The 

overal l miss ion tinneline was presented in Table 2. 1-1 (Book 1) •which gives 

the propellant util ization and operating t imes for var ious miss ion maneuvers . 

The th rus t modes and s teady-s ta te operating t imes associated with this m i s ­

sion t imeline a re presented in Table 7 . 2 - 6 . Typically a thrott le mode opera­

tion is utilized if the s teady-s ta te burn t ime at full thrust is very shor t . Idle 

mode operat ions a r e en:iployed for smal l impulses in lieu of the APS. Addi­

tional idle mode operat ions a r e also postulated for separat ion maneuvers 

p r io r to TLI and T E I - 1 . Idle mode operat ions for rendezvous maneuvers 

a r e a lso postulated after LOI-3 and EOI. The NERVA p a r a m e t e r s c h a r a c t e r ­

izing the selected th rus t nnodes and the functional requi rements imposed on 

RNS subsys tems a r e summar ized in Table 7 . 2 - 7 . 

The RNS s tar tup operat ions a re defined in Section 3. 11 of Book 1. Evaluation 

of the s tar tup operat ions has identified the need for a thrus t hold at the 

throt t le point during the NERVA star tup r a m p . Since the engine operates at 

full Isp, payload losses associated with the thrus t hold a re negligible. The 

thrus t hold will provide t ime to complete propellant settling pr ior to p r e ­

p res su r i za t ion and increase the t ime available for p rep ressu r i z ing the 

propellant module, thereby reducing p r e s s u r a n t demand from NERVA. The 

estinnated th rus t hold durat ions establ ished in Section 3 .11 of Book 1 a r e 

summar ized in Table 7 .2 -7 . The s teady-s ta te operating t imes associa ted 

•with these w^ere not increased to reflect the thrus t hold duration. 

186 



T a b l e 7. 2 -6 

NERVA THRUST MODE R E Q U I R E M E N T S 

Steady Sta te T h r u s t Hold 
B u r n T h r u s t Mode T i m e (sec) D u r a t i o n (sec) 

T L I 

Midcourse 

LOI-1 

LOI-2 

LOI-3 

TEI-1 

TEI-2 

TEI-3 

Midcourse 

EOI 

Full th rus t 

Idle 

Full th rus t 

Thrott le 

Full t h rus t 

Full t h rus t 

Thrott le 

Full th rus t 

Idle 

Full th rus t 

1, 750 

500 

70 

25 

160 

82 

0 

43 

250 

470 

The i n t e g r a t i o n and u t i l i z a t i o n of a f t e r c o o l i n g p r o p e l l a n t has a m a j o r i m p a c t 

on s t a g e p e r f o r m a n c e . I ts i m p l i c a t i o n s a r e d i s c u s s e d in Sec t ion 3. 13 of 

Book 1. A c c u r a t e N - b o d y t r a j e c t o r y s i m u l a t i o n s w e r e p e r f o r m e d us ing the 

ANSC NERVA cooldown d a t a t o e v a l u a t e the p e r f o r m a n c e i m p l i c a t i o n s of 

a f t e r c o o l i n g . W h e r e a s e a r l y RNS p e r f o r m a n c e c a l c u l a t i o n s neg lec ted any 

p o t e n t i a l pay load ga in f rom u t i l i z a t i o n of a f t e r c o o l a n t , the benef i t s have b e e n 

e s t a b l i s h e d in t h i s s tudy. T h i s a m o u n t s to a c r e d i t to the m i s s i o n ve loc i t y 

r e s u l t i n g in 8 ,400 lb of pay load d e l i v e r e d to l una r o r b i t . The amount of 

a f t e r c o o l a n t r e q u i r e d r e p r e s e n t s a d e g r a d a t i o n of the Isp for the s t a g e . It 

•was e s t a b l i s h e d tha t t h e r e would be a po ten t i a l add i t iona l pay load gain of 

2 3 , 5 0 0 lb if a f t e r c o o l i n g wi th p r o p e l l a n t could be e l i m i n a t e d e n t i r e l y . 

The c u r r e n t NERVA s p e c i f i c a t i o n s con ta in an i m p u l s e t o l e r a n c e of ± 2 0 , 0 0 0 l b -

s e c . The i m p a c t of t h i s t o l e r a n c e on the t r a n s l u n a r t r a j e c t o r y was d e t e r ­

m i n e d in Sec t ion 3. 14 of Book 1 for the t r a j e c t o r y s i m u l a t i o n s a s c o r r e s p o n d i n g 
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Table 7.2-7 

REQUIREMENTS FOR NERVA THRUST MODES 

NERVA P a r a m e t e r s RNS Functions 
NERVA Flow Feed Run 
Thrust Thrust Rate Isp Propel lant System Tank 
Mode (lb) ( lb/sec) (sec) Settling Chilldown P r e p r e s s u r i z a t i o n Refill 

Full power 

Throttle mode 

Idle mode 

Aftercooling 

X = Required 

75,000 

45,000 

1, 000 

300 

9 1 . 9 825 

5 5 . 1 825 

2 . 0 500 

0 .7 430 

X 

X 

X 

X 

X X 



to 0. 6 percent of TLI impulse or less than 12-nmL lunar nniss dis tance. 

Consequently, it is considered that the to lerance could be relaxed and should 

be re la ted to the operating t ime and total impulse. 

Evaluation of midcourse co r rec t ion concepts indicated that multiple impulsive 

midcourse maneuvers or a single impulsive correct ion ear ly in the t ra jec tory 

a re preferable to a single impulsive maneuver at the end of the cooldo^wn 

phase . A simulation indicated that manipulating the vehicle attitude and 

cooldown impulse during cooldown thrust ing is competitive with an impulsive 

midcourse cor rec t ion . It is des i rab le to develop a method for predicting 

e r r o r ea r ly in the cooldown phase . This would permit implementation of a 

guidance policy to maximize the cooldown utilization as indicated during 

Phase II (Section 2 . 3 . 4 , "Nuclear Flight System Definition Study - Final 

R e p o r t , " Volume II, P a r t 2, MDC G0585, May 1970). 

Whereas the nominal NERVA Isp is 825 sec the actual Isp obtained for the 

miss ion operations exclusive of idle mode burn is 790 sec . This imposes a 

substantial performance penalty as indicated. Therefore , it is des i rable to 

reduce the amount of aftercoolant required by increasing the radiated power 

level from NERVA. The implicat ions of this were discussed in Section 3. 13.3 

of Book 1. 

Evaluation of the TLI t r a j ec to r i e s with N-body t ra jec tory simulations indi­

cated that •when using the aftercooling propellant for mission velocity, there 

is a c r i t i ca l period bet^ween 0. 8 and 3. 2 hours from ignition during which a 

vehicle abort could resu l t in an ear th impact t ra jectory . This is discussed 

in Section 3. 13 of Book 1. This t r a jec to ry resu l t s from deflection of the 

vehicle by the lunar gravi tat ional field. Fa i lures which could lead to such a 

condition include loss of NERVA operat ion, loss of attitude control , and 

des t ruct ion of the RNS. 

7.3 RNS/NERVA PHYSICAL INTERFACE 

This sect ion contains a physical descr ip t ion of the NERVA to RNS propulsion 

module in terface . An interface control dra^wing documents this physical 

Interface. 
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7 . 3 . 1 Interface Control Drawing 

Figure 7 . 3 - 1 is the Interface control drawing (ICD) for the NERVA engine to 

the propulsion module run tank. This drawing defines the s t ruc tu ra l , fluid, 

and e lec t r i ca l physical in ter faces , based on ANSC Engine Layout Drawing 

1137400C, 9 August 1970, and includes MDAC interface cons idera t ions . The 

main view shows the NERVA engine instal led to the run tank. The s t ruc tu ra l 

interface occurs at station ze ro . This is a cut through the thrus t s t ruc tu re . 

The fluid l ines that c ro s s this interface plane are the chilldown re turn l ine, 

p r e s su r i za t i on l ine, and cooldown l ines . These a re located on the s tage / 

engine cus tomer connect panel. The two main feed duct a t tachments a r e 

detailed in View C. For the e lec t r i ca l c ro s s plane functions the flat cable 

routing is depicted. An end view of the propulsion module run tank is shown. 

This view shows the interface between the propulsion module and the 

propel lant module in the RNS Class 1-hybrid. Depicted in this location a re 

the p robe /drogue docking sys tem, the automiatic feed duct deployment and 

coupling m e c h a n i s m s , and the location of the auton:iatic deployable e lec t r ica l 

interface panel. The clocking and location of the ha rness tunnel a rea and the 

genera l a r r angemen t of al l of these subsys tems a re shown. This drawing 

will es tabl i sh the dimensional compatibili ty between the NERVA engine and 

the s tage . 

7 . 3 . 2 S t ruc tura l 

The s t ruc tu r a l a t tachment for the NERVA engine to the run tank thrust 

s t ruc tu re occurs at station ze ro , as shown on the ICD. This station plane 

is a cut through the thrus t s t ruc tu re . The engine side of this interface 

contains the NERVA upper thrus t s t r u c t u r e , which is an in tegral par t of the 

engine. The stage side of this interface consis ts of a tubular thrus t s t ruc ture 

which ini t iates at the run tank and t e rmina te s in a thrus t franne. The in te r ­

face ring shown is fabricated from a 7075-T73 aluminum plate stock. It has 

a 58-in. d i ame te r at the interface plane and is basical ly a channel section 

6 in. deep incorporat ing integrally machined lugs for at tachment of the thrust 

s t ruc tu re s t r u t s . The interface is designed to pick up the 12 equally spaced 

3 /4- in . -d i amete r attach points on the 56- in -d iamete r bolt c i rc le of the engine 

190 



4
5
i|S

*i:«
fS

'sp
ira

^ 
M

3tA
£:&

,iiR
ild^akn 

5iS 

A
»3 

.X
 

'•-^
^

ix-i. 

>
* 

••>
•-';>

' 
*

;
i 

*>?̂
*̂

. 

h 

gS
fV

 

I* -

n
»

f 

h
^' 

Kv 

ff -

•
/*

>
* 

i j«
".i 

U
J 

•tu 

U
J 

£S
-^ 

(/)y
j 

:}u
j 

hi X
 

o U
l 

o
 C

D
 

^ fe 
_

J 

a u 

•^
*s 

U
 

U
J 

.•>• 
•
" 

#
%

 

^ 

<5 

4 U
J 

it. M
vvV

ft.-
Jtf, 

I'.v 

A
'- 

T
*!?

' 
f-H

<
 

»"«•'>!-. 

' 
-;,•*

'.'•»
*

! .3^1 

'."«2 

1̂
:-W

 

-t<^»! 

• f; 

.
i

f 
"'f ̂%

-! 
'ft'A

/*%
«

;*; 
-5

-^ 
I^S

iil' 
j''-' 

.|t« 
l\iffe

£
M

*-,^i 
•."if*it.. •##|*''i],fS

 
' 

54*^
 

!.t*-



parksb
Text Box
PAGE BLANK



u p p e r t h r u s t s t r u c t u r e (UTS). T h i s is a n : ias tered hole p a t t e r n . In o r d e r to 

p r o v i d e the m o s t d i r e c t load pa th the t h r u s t s t r u c t u r e s t r u t s a t t a c h to the 

i n t e r f a c e r ing a t t h e s e bo l t l o c a t i o n s . Cu tou t s a r e i n c o r p o r a t e d in the r ing 

to p r o v i d e c l e a r a n c e for the p r o p e l l a n t in le t l i n e s . This s t a g e / e n g i n e 

a t tachmient i s a h a r d a t t achnnen t , and , t h e r e f o r e , it is a s s u m e d that the 

eng ine supp l ied g i m b a l b e a r i n g , wh ich is an i n t e g r a l p a r t of the upper t h r u s t 

s t r u c t u r e and the eng ine lo-wer t h r u s t s t r u c t u r e , •will have p r o v i s i o n s for 

a l i g n m e n t in two a x e s d u r i n g i n s t a l l a t i o n . 

The s e p a r a t i o n d i s t a n c e b e t w e e n the pole of the aft d o m e and the i n t e r f a c e 

p l a n e i n c r e a s e d to 30 in . f r o m 23 in . b e c a u s e the P O S V ' s and t h e i r f l anges 

i n c r e a s e d in s i z e . The s t r u t con f igu ra t ion was t a i l o r e d to p rov ide c l e a r a n c e 

for the P O S V ' s and the eng ine feed l i n e . S e p a r a t e f i t t ings a r e welded in the 

t a n k bottomi for a t t a c h m e n t of the P O S V ' s . T h e s e f i t t ings i n c o r p o r a t e a 

f lange wh ich h a s p r o v i s i o n s for i n s t a l l a t i o n of the Naflex s e a l s . The a n t i -

v o r t e x i n g , f i l t r a t i on s c r e e n s a r e m o u n t e d to the i n t e r i o r s u r f a c e of t h e s e 

f i t t i n g s . In o r d e r to p r o v i d e a d e q u a t e t h e r m a l i n s u l a t i o n be tween the run 

t ank and the NERVA the t h r u s t s t r u c t u r e s t r u t s a r e f a b r i c a t e d f rom f iber 

g l a s s . They a r e t a p e r e d and have a t u b u l a r c r o s s - s e c t i o n . T i t an ium fi t t ings 

con ta in ing s e l f - a l i g n i n g b e a r i n g s a r e i n s t a l l e d in the ends of the s t r u t s . 

The c u s t o m e r connec t panne l is a t t a c h e d to lugs m a c h i n e d in the c los ing franne 

of the t h r u s t s t r u c t u r e . It is s t a b i l i z e d by a t r u s s tha t a t t a c h e s to the t i t a n i u m 

s p l i c e m e m b e r s of the t h r u s t s t r u c t u r e X - n n e m b e r s u b a s s e m b l i e s . It is 

d e s i g n e d to a c c o m m o d a t e the g i m b a l loads induced by the p r o p u l s i o n l i ne s 

t ha t a t t a c h to i t . The flat c o n d u c t o r and r i b b o n cab le is a l s o suppor t ed off 

the t h r u s t s t r u c t u r e c l o s i n g f ranae . The s u p p o r t clamips a r e bol ted to 

m a c h i n e d faces on the f r a m e . 

7. 3. 3 F lu id 

The fluid i n t e r f a c e w i l l be d e s c r i b e d for the four b a s i c s tage s u b s y s t e m s : 

(1) p r o p e l l a n t feed , (2) chilldo^wn, (3) a f t e r c o o l i n g , and (4) p r e s s u r i z a t i o n . 
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7 . 3 . 3 . 1 Propel lan t Feed 

The feed sys tem from the run tank bottom to the NERVA turbopump inlet 

contains the engine supplied PSOV which is a 10-in. non:iinal d iameter in-l ine 

poppet valve. An in-l ine duct from the PSOV discharge flange to the pump 

inlet is supplied by the engine manufacturer . The p resen t design indicates 

that this duct has a section of untied bellows and two tied g imbals . These 

flexible e lements a r e requi red to absorb the engine gimbal deflections. The 

cu r ren t design deflection is ±3 deg rees . In addition to the gimbal deflections, 

this ducting must absorb stage deflection r e q u i r e m e n t s . These requ i rements 

a r e incurred by stage t h e r m a l deflect ions, manufacturing to le rances , tank 

p re s su r i za t i on deflect ions, and var ious load deflections that occur during 

NERVA operat ion. In the p resen t design the physical interface is the bolted 

flange connection on the PSOV. This static connection utilizes a Marman 

type conoseal . The maximum flow of hydrogen at this interface is 

91 . 9 l b / s e c . 

NERVA engine conditioning is accomplished by di rec t ing the chilldo^wn pump 

d ischarge flow to t̂ wo lines that tie from the chilldown pump discharge mani ­

fold, as shown in Figure 7. 3 - 1 . Each line injects flow forward into the 

NERVA pump inlet duct downstream of the closed PSOV. Check valving 

located at the injection points prevents surges and dis turbances fronn being 

t ransmi t ted to the adjacent sys tem. This chilldown ducting does not c r o s s 

the gimibal plane. The present considerat ion is to inject the supply flo^w 

through a boss that is an integral par t of the PSOV body cast ing. Chill flow 

proceeds through the NERVA pump inlet ducting, turbopump, and down to the 

pump discharge valves . Upstream of these valves a tap-off takes the re tu rn 

flow manifolded from both engine punnps to a comnnon re tu rn line. This 

r e tu rn line c r o s s e s the gimbal plane and contains three gimbal joints to p ro ­

vide for the requi red deflection. Return flo^w is introduced back into the tank 

via a set of quad-redundant shutoff valves at a location •well removed from the 

chilldo^wn pump location to prevent degrading fluid inlet condition. The in te r ­

face drawing shows the chilldown supply duct which does not c ross the gimbal 

plane. This duct will be stage supplied, and the interface for this sys tem 

w^ill be the bosses which a r e located on the PSOV's . A re tu rn duct is 
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requi red in conjunction with the chilldown conditioning system. This duct 

taps off f rom both engine main pump discharge manifolds to a single duct and 

must be re tu rned to the tank. The engine must provide the pump tap-off 

manifolding and run a 2-in. -d i amete r r e tu rn line back to the engine/s tage 

cus tomer connect panel. Since this line c r o s s e s the gimbal ax is , gimbal 

provis ions will be an engine requi rement . At the customer connect panel 

the stage will provide a line Lack to the run tank for the re turn of the chil l­

down conditioning fluid, 

7. 3. 3. 2 Aftercooling 

The cu r ren t NERVA design depicts a s tage-mounted cooldow^n supply module 

located on the run tank lower th rus t s t ruc tu re . The module rece ives hydro­

gen from the run tank and a single d ischarge line comes to the engine gimbal 

interface. A c r o s s the interface a th ree -g imba l doglegged duct provides for 

the gimbal deflections. This duct as p resen t ly conceived will be par t of the 

NERVA engine. 

Details of the engine supplied cooldoAvn module a re shown in View BB on 

F igure 7. 3 -1 , This module, -which is furnished by the engine manufacturer , 

contains the quad-redundant cooldown valves . It will be mounted on the stage 

side of the engine interface. In the position shown, the module is hard 

mounted to the tubular thrus t s t ruc tu re . This module will obtain hydrogen 

from the run tank via a 3-in. -d i amete r cooldown supply line. A 3-in. -

d iameter duct wil l leave the module and run to the cus tomer connect panel. 

Both legs of this duct —the tank tapoff and the module discharge leg to the 

cus tomer connect panel — v/ill be stage supplied. F r o m the customer connect 

panel a c r o s s the gimbal plane and on to the NERVA engine, this duct will be 

engine supplied. 

The NERVA p re s su r i za t i on sys tem requ i r e s that a single 1-1/4-in, nominal 

d iameter line c r o s s the interface plane. The configuration of this duct, 

flexible e l emen t s , and position a re not defined by cur rent Aerojet interface 

drawings. 
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This duct provides the run tank and propel lant nnodules with expulsion 

p r e s s u r a n t that is tapped off f rom the engine turbopump d ischarge side. 

This duct, the cooldown supply duct, and the chilldown re tu rn line will all 

c r o s s the interface at the engine- to-s tage cus tomer connect panel. View AA 

on F igure 7. 3 - 1 , a section through station zero of the s t ruc tu ra l interface, 

a lso depicts this cus tomer connect panel . The hinge panel is attached to the 

th rus t f rame as shown. The stage will supply ducting f rom the run tank to 

the cus tomer connect panel. Ducting f rom the panel to the NERVA engine 

will be engine supplied; this port ion of the ducting run will have to absorb 

gimbaling deflection and other assoc ia ted operational to l e rances . In the 

right hand port ion of the interface control drawing there is a table t i t led, 

"Connect Panel Schedule, " which codes the cus tomer connect panel fluid 

functions noted in View BB, with the i r function, duct d iamete r , p r e s s u r e 

schedule, and flo^w ra te . 

It should be noted that all the fluid l ines that interface f rom the NERVA 

engine to the stage must be revie-wed with respec t to heat -shor t t he rma l 

conditioning. The main feed inlet ducting is a p r i m a r y concern , in vieAV of 

the difficulties involved in defining insulation layup schemes which a re 

compatible with the deflections requ i red of these ducts. This problem also 

exis ts for the three other sma l l e r c ross -p lane ducts . 

7. 3. 4 E l ec t r i c a l 

Phys ica l in terfaces between stage and engine e lec t r ica l components exist 

in th ree locations on the RNS: (1) at the engine stage interface (Station 0. 0), 

(2) at the forward end of the run tank, and (3) in the CCM. 

The basel ine Aerojet interface bet^ween the engine and stage consis ts of 

numerous connectors on a connector panel at Station zero which is mounted 

to the engine thrus t s t ruc tu re . These connectors a r e located both internal 

and external to the thrus t s t ruc tu re . This type interface is compatible with 

ground tes t ing. However, the re a r e two significant disadvantages for flight 

vehic les . The f i r s t is the ex t reme rel iabi l i ty penalty paid by the use of 

connector s y s t e m s . The second is the interference problems caused by 

internal ly mounted connectors because of the envelope and routing 

r e s t r i c t i o n s . 
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The basel ine interface a r r i ved at in the RNS study allows for provision of 

3, 000 l ines to c r o s s this in terface. The bulk of these l ines r ep resen t s 

ins t rumentat ion s ignals . The type of wiring that will c ros s the interface is 

anticipated to be a combination of flat conductor cable and round conductor 

M^ire in a ribbon configuration to be compatible with the para l le l conductor 

sys tem. To enhance rel iabi l i ty , the use of connector less terminat ions is 

recommended a t t h i s interface. It is envisioned that once these connections 

a r e made at the point of engine run tank assembly , there will be no r e q u i r e ­

ment to d i sassemble this interface; however, the use of connector less 

te rminat ion does not preclude this disconnect should maintenance operations 

be requi red p r io r to launch. 

NDICE comiponents a re located at the forward end of the run tank. These 

include a mult iplexer and signal conditioning for the engine instrumentat ion 

and the decode for engine control functions. Stage wiring is routed along the 

side of the run tank to these modules where permanent or connector less 

te rminat ions a r e util ized to connect stage wiring to the NDICE components. 

These components interface w^ith a dedicated data bus t e rmina l and EDS 

w^iring via stage wiring that termiinates in an interface panel at the propulsion 

miodule interface. The la t te r •wiring is largely represen ted by emergency 

control functions and the stage data bus. 

The NDICE comiponents located in the CCM interface with the interface 

wiring routed to the CCM/propel lant module interface and via the data bus 

to the data management systemi. The use of permanent or connectorless 

t e rmina t ions is recommaended in this location also to enhance reliabil i ty. 

7 .4 INTERFACE RECOMMENDATIONS SUMMARY 

The preceding sections have contained an extensive discussion of the 

functional and physical interfaces between the stage and NERVA, including 

specific changes which a r e recommended. Also, the RNS design analyses 

and descr ip t ions contain implicit NERVA interface considerat ions. These 

have been collected into Table 7 . 4 - 1 , which provides a summary of r ecom-

miended changes to the NERVA interface and identifies aspects of the 

interface which requ i re future work. 
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Table 7 .4 -1 

NERVA INTERFACE RECOMMENDATIONS SUMMARY 

Requi rements 

1. Mission opera t ions 

1. 1 Thrus t mode 

T rans luna r injection 

Lunar orb i t injection 

Trans ea r th injection 

Ea r th orbi t injection 

Lunar orbi t plane changes 

Midcourse cor rec t ion 

Separat ion maneuver 

Rendezvous maneuver 

1. 2 Aftercooling 

Maximum per formance 

Impulse to lerance and 
predictabi l i ty 

Recommended Interface 

Full th rus t 

Ful l th rus t 

Full th rus t 

Ful l th rus t 

T h r 

Idle 

Idle 

Idle 

ottle (45, 000 lb) 

(-1,000 lb) 

(~1, 000 lb) 

(-1,000 lb) 

Es tab l i sh minimum, impulse 
to le rances and cooldown inapact for 
idle mode. 

(1) 

(2) 

Total util ization of aftercooling 
impulse — no thrust nulling 

Increase radiated power level 
for pass ive cooling (>100 kw) — 
potential 24, 000 lb or 22% 
increase of lunar orbit payload 

High t empera tu re pass ive heat 
rejection fronn. NERVA: at 
leas t 1, 200 to 1, 500°R 

Relax ±20, 000 lb -sec 
to lerance — cor responds to 
0, 6% of TLI impulse or 
<12 nmi lunar miss distance 
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Table 7 , 4 - 1 (Continued) 

R e q u i r e m e n t s 

T r a j e c t o r y c o r r e c t i o n 

1. 3 A b o r t 

In jec t into safe o r b i t o r 
t r a j e c t o r y 

2. S t r u c t u r e s 

2. 1 E n g i n e a t t a c h m e n t 

T r a n s m i t a l l e n g i n e , g i m b a l , 
and a c t u a t o r l o a d s to t h r u s t 
s t r u c t u r e . 

R e c o m m e n d e d In t e r f ace 

(1) 

(2) 

(3) 

(1) 

(2) 

(3) 

(1) 

F u t u r e Work ; 

R e l a t e t o l e r a n c e to o p e r a t i n g 
t i m e or t o t a l i m p u l s e 

Develop m e thod for p r e d i c t i n g 
e r r o r e a r l y in cooldown 

C o r r e l a t e p e r f o r m a n c e to 
i m p u l s e t o l e r a n c e 

R e g u l a t e i m p u l s e for e r r o r 
c o r r e c t i o n 

Mut l ip l e s t a r t c apab i l i t y : 
s ing le e m e r g e n c y mode 
o p e r a t i o n fol lowed by c o o l ­
down and one or two idle 
miode o p e r a t i o n s 

R e m o v e c o n s t r a i n t of 5 -hour 
m a x i m u m cooldown 

D e t e r m i n e i m p a c t of mu l t i p l e 
e m e r g e n c y miode o p e r a t i o n s 
and i n c r e a s e d Isp on e x t e r n a l 
r e s c u e r e q u i r e m e n t s 

C u r r e n t c los ing r ing in ICD 
a c c e p t a b l e 

P r o v i d e s t a g e c o n t r a c t o r wi th 
loads enve lope for i n t e r f a c e 
p l a n e : s h e a r , m o m e n t , and 
a x i a l l oads for a l l d e s i g n 
cond i t i ons . 

Define bolt p a t t e r n t o l e r a n c e s 
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Table 7 .4 -1 (Continued) 

Requi rements Recommended Interface 

2. 2 Engine Deflection 

5. 7° maximum deflection: 
±3° for TVC (square pat tern) 
and ±1. 5° misa l ignment 

2. 3 Thrus t s t ruc tu re configuration 

Locate s t ru t s to provide 
c lea rance for PSOV 

2, 4 Engine Alignment 

La te ra l motions at interface 
plane to align engine and 
tank center l ines 

2, 5 Acceptance tes t 

2, 6 Cus tomer connect panel 
location 

(2) Distr ibute actuator loads 
uniformly to stage th rus t 
s t ruc tu re 

Provide stage contrac tor 
with load envelope resul t ing 
f rom actuator operation 

Decrease maximum deflection to 
reduce loads in intermodule 
s t ruc tu res 

Evaluate round pat tern 

Evaluate misal ignment 
r equ i rements 

Define angulation capability of 
feed duct for installation 

Adjustable gimbal l a te ra l 
al ignment 

Install GSE for PSOV and cool-
do^wn module to isolate tank and 
s imulate operations 

Evaluate installation of flight 
a s sembl i e s for sonae t e s t s 

Externa l to stage thrus t s t ruc tu re 

Provide stage contractor with 
loads envelope for all design 
conditions 
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Table 7 . 4 - 1 (Continued) 

Requirements Recommended Interface 

2. 7 Aftercooling bypass line 
support 

3, S t ruc tura l dynamics 

Propuls ion module launch 
to orbit by space shuttle 

P reven t excess ive dynamic 
loading to NERVA -
par t i cu la r ly on nuc lear 
subsys tem and gimbal 
ac tua tors 

Preven t excess ive dynamic 
loading on stage 

Support from thrus t s t ruc ture 
closing ring 

Provide stage contractor with 
loads envelope for all design 
conditions 

(1) Stage provides l a te ra l 
res t ra in t and energy 
dissipation 

(2) Tentative ANSC attach points 
at nozzle throat and NERVA 
upper thrus t s t ruc ture 

(3) Design gimbal actuators for 
flight and accommodate launch 
by re s t r a in t sys tem 

Future Work: 

Establ ish dynamic 
environment for: 

(a) Space shuttle cargo 
bay 

(b) Phase IV selected 
a l ternate launch 
mode 

Define support, r es t ra in t , 
and possible energy 
dissipation 

Clarify dynamic load 
implications on nuclear 
subsystem 
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Table 7 . 4 - 1 (Continued) 

Requi rements 

4. Thrus t vec tor control 

4. 1 Engine gimbal capability 

Deflection: ±3 deg 

Rate: 0. 25 deg / sec 

Acce le ra t ion : 0. 5 deg / sec 

4. 2 Thrus t vector alignment 

4. 3 Attitude control during 
aftercooling 

Minimize att i tude e r r o r 
impact on APS 

4. 4 Gimbal actuator dynamics 

Actuator t r ans fe r function 

5. Propel lant management 

5. 1 Prope l lan t conditions 

(1) Star tup and steady s ta te : 
tota l p r e s s u r e vs. flow 
ra te specified by curve 
in ANSC le t te r 7410:1075 
July, 1970 (includes 
26 ps ia , 0 NPSP for 
s teady state) 

(2) Malfunction Mode: 
r e q u i r e s 2 ps ia increase 
of total p r e s s u r e 

Recommended Interface 

Review periodical ly as the RNS 
configuration and miss ion r e q u i r e ­
ments evolve 

P r e t r i m pr io r to r e s t a r t — reduces 
atti tude t rans ient (essential for 
shor t burns) . Define to le rance . 

Active trimnaing during af tercool ­
ing. Define to lerance . 

To be determined by stage 
cont rac tor 

(1) Satisfactory — permi t s 
autogenous startup 

Reduce steady state r e q u i r e ­
ment to 22 psia , 0 NPSP: 
stage weight savings of 
2,400 lb 

(2) MDAC design based on no 
inc rease in total p r e s s u r e — 
avoids 1, 100 lb penalty 

Revise malfunction mode 
requi rement to no inc rease 
in total p r e s s u r e 
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T a b l e 7 . 4 - 1 (Continued) 

R e q u i r e m e n t s 

(3) A f t e r c o o l i n g : no t 
spec i f i ed , but o r i g i n a l l y 
w a s i d e n t i c a l to s t e a d y 
s t a t e r e q u i r e m e n t s 

5. 2 P r e s s u r a n t d e m a n d 

S teady s t a t e 

P e a k : d u r i n g p r o p e l l a n t t ank 
b o o t s t r a p p r e p r e s s u r i z a t i o n 

5. 3 T h r u s t r a m p 

T h r u s t ho ld at t h r o t t l e point 

R e c o m m e n d e d In t e r f ace 

(3) S a t u r a t e d l iquid — avo ids a 
p r e s s u r i z a t i o n s y s t e m and 
>1, 000 lb pena l ty 

P e r m i t naixed p h a s e or 
v a p o r — w^ould p e r m i t 
r e d u c t i o n of g a s e o u s 
r e s i d u a l s (>2, 800 lb) 

0. 58 l b / s e c 

5 . 58 l b / s e c 

Review p e a k d e m a n d as o p e r a t i o n s 
evolve 

(1) I n t e g r a t e p r o p e l l a n t se t t l ing 
with NERVA s t a r t u p r a m p 

5. 4 F e e d d u c t s 

Spac ing 

(2) S tage c o m m a n d s to hold t h r u s t 
at t h r o t t l e and r e s u m e t h r u s t 
bui ldup 

F u t u r e Work; 

O r b i t a l e x p e r i m e n t s on 
p r o p e l l a n t se t t l ing 

A c c e p t a b l e — a tank s u m p is not 
r e q u i r e d , and duc t spac ing does 
not affect LHo r e s i d u a l 
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Table 7 .4 -1 (Continued) 

Requi rements 

Coupling to stage 

Seal 

T h e r m a l isolation of tank 

5. 5 Other ducts 

Coupling, sea l , and the rma l 
isolation 

5. 6 Customer connect panel 

Stage supplied ducts f rom 
tank to panel; aftercooling 
via ANSC cooldown module 

Recommended Interface 

Future Work: 

(1) Optimize pump spacing for 
radiation shielding 

(2) Review type of flexible 
element — stage contrac tor 
cons iders untied bellows 
unrel iable 

Ground assembly only-

Dual sea l flange (metallic seal) 
with leak detection port — common 
throughout stage 

Flange location below PSOV or 
welded connection would reduce 
leakage into HPI 

(1) Stage HPI extend >2 ft below 
PSOV, and possibly to 
turbopum.p 

HPI layup on flexible ducting 
is not s t a t e -o f - the -a r t 

(2) Install duct HPI integral with 
tank blanket 

Evaluate a l ternate locations of 
PSOV and flange to accom­
modate HPI installation 

Analogous to feed duct 

Engine ducting shall absorb 
deflections below panel 
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T a b l e 7 . 4 - 1 (Continued) 

R e q u i r e m e n t s 

5. 7 P r o p e l l a n t c l e a n l i n e s s 

L i m i t e r o s i o n , c o n t a m i n a t i o n , 
and d a m a g e : ANSC u s e d 
M I L - S T D - 1 2 4 6 A , L e v e l 1 ,500; 
in a d d i t i o n , ANSC l i m i t s 
p a r t i c u l a t e m a t t e r a c c u m u l a ­
t ion to 220 g m 

6. F e e d sys t e m cond i t ion ing 

P r o v i d e s a t u r a t e d l iquid in 
a c t i v e p o r t i o n of feed s y s t e m 
p r i o r to r u n t ank r e f i l l and 
N E R V A s t a r t u p 

7. E x t e r n a l d i s k sh i e ld 

7. 1 B a s e l i n e c r i t e r i a 

10 r e m to p a y l o a d 

P a y l o a d a t t e n t u a t i o n - 3 

4. 5° g i m b a l de f lec t ion 

7. 2 A l t e r n a t e c r i t e r i a : 

S a m e a s above bu t wi th no 
p a y l o a d a t t e n t u a t i o n f a c t o r 

R e c o m m e n d e d I n t e r f a c e 

S tage wi l l f i l t e r p a r t i c l e s e x c e e d ­
ing 25 m i c r o n s 

Rev i ew n e e d for s t r i n g e n t ANSC 
c l e a n l i n e s s r e q u i r e m e n t 

I n t e g r a t e d s t a g e / N E R V A chi l ldown 
s y s t e m a s p e r MDAC concep t : 
s t a g e duct ing to PSOV and PDKV 
for c l o s e d loop 

F u t u r e Work : 

(1) Rev iew s y s t e m r e q u i r e m e n t s 

(2) O r b i t a l e x p e r i m e n t s on z e r o - g 
boi l ing 

2, 900 lb , 3 zone 

C o n f i g u r a t i o n / s h i e l d o p t i m i z a t i o n 
for new RNS concep t s ( a l t e rna t i ve 
l aunch v e h i c l e s ) 

5, 700 lb , 4 zone 

C o n f i g u r a t i o n / s h i e l d t r a d e s tud ies 
for a l l c o n c e p t s 
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Table 7 . 4 - 1 (Continued) 

Requi rements 

8. 

8. 

8. 

8. 

Astr ionics and NDICE 
interfaces 

1 NERVA power level and 
conditioning 

Full th rus t : 

2. 3 kw nominal , 3. 5 kw peak 

Aftercooling: 

0, 2 kw nominal (CCM), 
1. 0 kw peak 

2 Power Source 

Stage + NERVA: 

317 k w - h r / r o u n d t r ip 
1. 2 kw nominal 

3 Data Management 

NERVA instrumentat ion 
moni tored by NDICE 

Autonomous NDICE p roces so r 

Recommended Interface 

(1) 

(2) 

(3) 

Supplied by stage 

Refine NERVA power 
requ i rements 

28 ±4 vdc and inver t e r s provided 
by stage 

Voltage reference by each 
cont rac tor . 

Supplied by stage. Basel ine 
sys tem: fuel cells and secondary 
ba t t e r i e s , 785 lb total 

(1) 

(2) 

(3) 

Stage supplied se r i a l data bus 
t e rmina l s dedicated to NDICE 
located at CCM and forward of 
run tank 

Establ ish NDICE traffic r a t e s 
(0. 5 X 10^ b i t s / s e c for stage) 

NDICE digitize to 10 bits 

Hardline backup for EDS 

Communicate with RNS p r o c e s s o r 
v ia data bus 

Es tabl i sh NDICE p r o c e s s o r 
requ i rements 

Evaluate p roces so r integrat ion 
(2. 5 X 105 ops / sec for stage) 

206 



T a b l e 7 . 4 - 1 (Cont inued) 

R e q u i r e n a e n t s 

T r a n s m i s s i o n to g round 

8 .4 C o n t r o l 

N E R V A c o n t r o l by NDICE 

C o m m a n d s 

207 

R e c o m m e n d e d I n t e r f a c e 

S tage c o m p r e s s i o n and f o r m a t t i n g 
of a l l da ta 

(1) G i m b a l a c t u a t o r c o n t r o l f r o m 
s t age N&G 

(2) Stage c o m m a n d s to NERVA 
inc lude s t a r t , shutdown, hold 
t h r u s t at t h r o t t l e po in t , 
r e s u m e t h r u s t bui ldup, e t c . 

E s t a b l i s h c o m m a n d r e p e r t o i r e 
and f o r m a t 

E v a l u a t e f e a s ib i l i t y of Isp 
t r i m s igna l 

(3) NDICE p rov ide s t age with 
cont inuous p r e d i c t i o n of a f t e r ­
cool ing i m p u l s e to p e r m i t u s e 
of h e u r i s t i c a l g o r i t h m by 
s t age N&G 

E v a l u a t e c o n t r o l of a f t e r c o o l ­
ing i m p u l s e 

E v a l u a t e p e r f o r m a n c e s e n s i t i v ­
ity to i m p u l s e t o l e r a n c e 

(1) Stage suppl ied s e r i a l data bus 
t e r m i n a l s ded ica t ed to NDICE 
l o c a t e d at CCM and f o r w a r d 
of run tank 

(2) NDICE supply c o n t r o l logic 
encode and decode 

(3) H a r d l i n e backup for EDS 



Table 7 . 4 - 1 (Continued) 

Requi rements 

8. 5 Cable and Connections 

3, 000 l ines 

Recommended Interface 

(1) Flat conductor and ribbon 
cable 

(2) Polyimide insulation 

(3) Connector less te rmina t ions 
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