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INTRODUCT I O N  

This  p u b l i c a t i o n  i s  one of a  planned s e r i e s  t o  summarize t h e  
MSFC advanced s tudy  program f o r  each f i s c a l  year  beginning wi th  FY-61. 
A s e p a r a t e  r e p o r t  w i l l  cover t h e  s tudy  program f o r  each f i s c a l  yea r .  
The purpose of t h e s e  documents i s  t o  provide h i s t o r i c a l  r e f e r ence  
information which should be h e l p f u l  i n  planning f u t u r e  s tudy programs. 

The FY-62 funded s t u d i e s  a r e  covered i n  t h i s  document. These 
i n v e s t i g a t i o n s  a r e  covered under two major ca t ego r i e s :  Launch 
Vehicle  S tud ie s ;  and Lunar, O r b i t a l ,  and P lane ta ry  S tudies .  The 
information presen ted  on each s tudy  inc ludes  a  b r i e f  d e s c r i p t i o n  of 
t h e  o b j e c t i v e s  and r e s u l t s  and p e r t i n e n t  c o n t r a c t  da t a .  

I n  o rde r  t o  keep t h i s  r epo r t  small  and easy t o  use ,  no at tempt  
was made t o  i nc lude  conclusions based on t h e  s tudy r e s u l t s ;  however, 
t h e  f i n a l  r e p o r t s  documenting t h e  i n v e s t i g a t i o n s  a r e  re fe renced .  I f  
t h e s e  r e p o r t s  a r e  needed f o r  permanent r e t e n t i o n  and a r e  no t  a v a i l a b l e  
from t h e  MSFC Library  (MS-IPL), submit reques t s  f o r  t h e  documents t o  
t h e  S c i e n t i f i c  and Technical  Information F a c i l i t y ,  At ten t ion :  NASA 
Representa t ive ,  I?. 0 .  Box 33 ,  College Park, Maryland 20740. 



SECTION I. LAUNCH VEHICLE STUDIES 

A. LAUNCH VEHICLE SIZE AND COST ANALYSIS 

Objec t ives  and Resul t s  

This  e f f o r t  was a  con t inua t ion  of previous s t u d i e s  which 
i n v e s t i g a t e d  t h e  ope ra t i ona l  and economical parameters a f f e c t i n g  
t h e  choice  of t h e  s i z e  of launch veh ic l e s  a f t e r  Sa turn .  The 
c o n t r a c t o r  was t o  r e f i n e  and update t h e  prev ious ly  developed 
c o s t  methodology, perform an eva lua t ion  of l a r g e  launch v e h i c l e  
cos t  i n f o r m a t i o n ~ b t a i n e d  i n  previous s t u d i e s ,  and r e f i n e  t h e  
i nhe ren t  reliability and r e l i a b i l i t y  growth d a t a  prev ious ly  
genera ted .  A s  a  s e p a r a t e  t a s k  assignment,  t h e  f e a s i b i l i t y  and 
c o s t  of a  l a r g e  sea-launched boos te r  system were a l s o  i n v e s t i g a t e d .  

The f i n a l  r e p o r t s  l i s t e d  below document t h e  r e s u l t s  of t h e s e  
s t u d i e s  : 

I.  " R e l i a b i l i t y  of U.S. Rockets, F i n a l  Report,  Launch Vehicle  
S i ze  and Cost Analys i s ,  Phase 111, Pa r t  I, R e l i a b i l i t y  
Analysis" ,  Contract  No. NAS8-2599, Report No. 8659- 
6054-RS000, Space Technology Labora tor ies ,  I n c . ,  
November 1962, SECRET. 

2 .  "Launch Vehicle S i ze  and Cost Analys i s ,  Phase 111, Pa r t  11 ,"  
Contract  No. NAS8-2599, Report No. 8659-6055-RV000 and 
Space Technology Labora to r i e s ,  I nc . ,  December 1 ,  1962. 

3 .  "Sca Launch Booster Systeur, F e a s i b i l i t y  arid Cost S ~ u t l y " ,  
Contract  No. NAS8-2599, Report No. I,RP 2 9 7 ,  Aerojet  
General (Subcontract t o  STL), February 12,  1963, 
UNCLASSIFIED . 

Contract  Informat ion  

1. Contractor :  Space Technology Labora tor ies ,  Inc .  
2. Contract  No. : NAS8-2599 
3 .  Period of Performance: March 62 - May 63 
4.  Contract  Amount: $366,529 
5 .  Technical  Supervisor :  W .  Huber 



B. LARGE LAUNCH VEHICLES UTILIZING SOLID PROPELLANT (PHASE 11) 

Objectives and Results 

This was a continuation of previous studies which determined 
that detailed investigations were desirable for Nova configu- 
rations. This task assignment was to result in preliminary 
design studies of Nova class solid systems with detailed design 
investigations of thrust vector control systems, vehicle staging, 
motor clustering, and facility requirements. In addition to 
these broad areas, a reliability analysis of the system was to 
be performed, a development and funding plan generated, and a 
detailed operations analysis performed including manufacturing 
and assembly methods, ground support equipment, testing plan, 
transportation analysis, and launch operations plan. 

The results of this phase of the study are documented in 
the final reports listed below: 

1. "Solid Boosted Nova Vehicle System Study," Contract 
No. NAS8-2438, Report No. D2-22431, Boeing Company, 
April 1963, CONFIDENTIAL. 

2. "Study of Large Launch Vehicles Using Solid First 
Stages", Contract No. NAS8-2438 and Air Force Contract, 
Report No. SSD-TDR-62-144, Boeing Company, December 1962, 
C O W  IDENT IAL 

Contract Information 

I. Contractor: Roeing Company 
2. Contract No. : NAS8-2438 
3. Period of Performance: March 62 - May 63 
4. Contract Amount: $441,236 
5. Technical Supervisor: H. Koelle 

C. APPLICATION OF SOLID PROPELLANT MOTORS TO FUTURE SATURN C-1 
CLASS VEHICLES 

Objectives and Results 

This activity investigated the potential application of 
motors in the 120-inch diameter class for a solid propellant 



boos t e r  s t a g e ,  which could r ep l ace  t h e  f i r s t  s t a g e  of t h e  improved 
Sa turn  C - I .  The s tudy  was t o  ob t a in  da t a  needed t o  determine i f  
s u b s t a n t i a l  ga in s  could be a t t a i n e d  i n  Saturn 6-1 performance, c o s t  
r educ t ion ,  r e l i a b i l i t y ,  and ope ra t i ona l  cons ide ra t i ons  by r ep l ac ing  
t h e  S-I s t a g e  w i t h  a  boos t e r  u t i l i z i n g  s o l i d  motors. 

The r e s u l t s  of t h e  s tudy a r e  documented i n  t h e  folhowing 
f i n a l  r e p o r t :  

"Study of Appl ica t ion  of So l id  P rope l l an t  Motors t o  Future  
Sa turn  C - I  Class  Vehicles ,"  Contract No. NAS8-5083, 
Lockheed A i r c r a f t  Corporation, January 1963, CONFLDENTIAL. 

Contract  Information 

1. Contractor :  Lockheed A i r c r a f t  Corporation 
2.  Contract  No. : NAS8-5083 
3 .  Period of Performance: J u l y  62 - February 63 
4. Contract  Amount: $197,207 
5. Technical  Supervisor :  S. Re inar tz  

D.  SATURN D DESIGN (PHASE 11) 

Ob i e c t i v e s  and Resu l t s  

This  e f f o r t  was a  con t inua t ion  of previous s t u d i e s  t o  perform 
pre l iminary  des ign  i n v e s t i g a t i o n s  of Sa turn /nuc lear  s t a g e  v e h i c l e  
con f igu ra t i ons  based on e a r l y  nuc l ea r  propuls ion systems which 
could l o g i c a l l y  evolve from t h e  Rover p r o j e c t .  The work was t o  
cover t h e  nuc l ea r  s t a g e  des ign ,  i n t e g r a t e d  engine /vehic le  s y s t m ,  
compa t ib i l i t y  and mating of t h e  nuc lear  s t a g e  wi th  Sa turn ,  
v e h i c l e  performance, ope ra t i ng  c h a r a c t e r i s t i c s ,  hazard a n a l y s i s ,  
f a c i l i t y  requirements ,  development schedule,and funding p lan .  
The r e s u l t s  were t o  provide a  b a s i s  f o r  making a  dec i s ion  t o  
pursue t h e  Sa turn /nuc lear  v e h i c l e  o r  develop o t h e r  pos s ib l e  
space  t r a n s p o r t a t i o n  systems. 

The d e t a i l s  of t h i s  phase of t h e  s tudy  a r e  documented i n  t h e  
fo l lowing  f i n a l  r e p o r t s :  

1. "Saturn D Mission Study F i n a l  Report," Contract No. 
NAS8-1600, Report No. AE62-0667, General Dynamics, 
31  August 1962, SECRET/RD. 

2 .  "Saturn D (Nuclear Rocket Upper Stage)  Mission Studies" ,  
Contract  No. NAS8-1601, Report No. LMSC-B007036, 
Lockheed A i r c r a f t  Corporat ion,  31 August 1962, 
SECRET/RD. 



Contract  In£  ormat ion  

1. Contractor :  General Dynamics 
a .  Contract  No.: NAS8-1600 
b. Per iod of Performance: February 62 - September 62 

(Phase 11) 
c .  Contract  Amount: $100,000 (Approximate) 
d .  Technical  Supervisor :  W. Jordan 

2 .  Contractor :  Lockheed A i r c r a f t  Corporation 
a .  Contract  No.: NAS8-1601 
b. Per iod of Performance: February 62 - October 62 

(Phase 11) 
c .  Contract  Amount: $108,000 (approximate) 
d .  Technical  Supervisor :  W. Jordan 

E .  REUSABLE GROUND LAUNCH VEHICLES I N  THE 50-100 TON ORBITAL 
PAYLOAD C ~ S S  (PHASE I )  

Objec t ives  and Resul t s  

The o b j e c t i v e s  of t h i s  e f f o r t  w e r e  t o  i n v e s t i g a t e  p o s s i b l e  
successors  t o  Sa turn  V and modified ve r s ions  t o  be used a s  t h e  
primary cargo  t r a n s p o r t  f o r  mid-1970 support  of Ear th  o r b i t  
ope ra t i ons  and manned luna r  exp lo ra t i ons .  The s tudy was t o  
determine cond i t i ons  under which conversion t o  r eusab le  
con f igu ra t i ons  would be advantageous, and d e f i n e  t h e  con f igu ra t i ons  
b e s t  s u i t e d  t o  succeed Saturn V.  A plan was t o  be  o u t l i n e d  f o r  
developing t h e  techniques and a t t a i n i n g  t h e  technology r equ i r ed .  

The r e s u l t s  of t h i s  phase of t h e  i n v e s t i g a t i o n  a r e  contained 
i n  t h e  fol lowing f i n a l  r e p o r t s :  

1. "Fina l  Report - Conceptual Design Study of 50 t o  100 Ton 
Reusable O r b i t a l  C a r r i e r , "  Contract No. NAS8-5028, 
Report No. SID 63-87-1-2-3, North American Avia t ion ,  
I n c . ,  February 15, 1963, CONFIDENTIAL. 

2 .  "Reusable Ground Launch Vehicle Study, 50 t o  100 Ton 
O r b i t a l  Payload," Contract  No. NAS8-5036, Report 
No. D2-22222, Boeing Company, December 1962, 
CONFIDENTIAL . 



Contract  Information 
4 

1. Contractor :  North American Aviat ion,  Inc.  
a .  Contract  No.: NAS8-5028 
b. Per iod of Performance: June 62 - February 63 
c .  Contract  Amount : $141,594 
d .  Technical  Supervisor :  M. Vaccaro 

2.  Cont rac tor :  Boeing Company 
a .  Contract  No. : NAS8-5036 
b .  Per iod of Performance: June 62 - March 63 (Phase I) 
c .  Contract  Amount: $150,000 (Phase 1) 
d .  Technical  Supervisor :  M. Vaccaro 

Objec t ives  and Resul t s  

The purpose of t h i s  s tudy  was t o  develop des ign  approaches 
and o p e r a t i o n a l  concepts  which a r e  compatible w i t h  l a r g e  s c a l e  
t r a n s p o r t a t i o n  of cargo and personnel  i n  support  of manned space  
s t a t i o n s ,  l u n a r  bases ,  and e a r l y  manned p l ane t a ry  exped i t i ons .  
One o r  more v e h i c l e s  w i t h  a c a p a b i l i t y  of ca r ry ing  a two-man crew 
and 10  passengers  t o  a rendezvous compatible 325-KM o r b i t  and 
r e t u r n  were t o  be i n v e s t i g a t e d .  An a l t e r n a t i v e  mode t o  be 
i n v e s t i g a t e d  was a 10-ton cargo c a p a b i l i t y  t o  t h e  same o r b i t .  
Opt imizat ion was t o  be based p r imar i l y  on ope ra t i ona l  cons ider -  
a t i o n s ,  such a s  convenience, crew and passenger s a f e t y ,  high 
r e u s a b i l i t y  r a t e ,  and launch s i t e  no t  n e c e s s a r i l y  l im i t ed  t o  
AMR. Both HTO and '6PTO rocke t  a i r p l a n e  concepts were i n v e s t i g a t e d .  

The r e s u l t s  of t h i s  phase of t h e  s t u d i e s  a r e  documented En 
t h e  f i n a l  r e p o r t s  l i s t e d  below: 

1. "Reusable 10-Ton O r b i t a l  C a r r i e r  Vehicle ,"  Contract 
No. NAS8-2687, Report No. LR-16439, Lockheed A i r c r a f t  
Corporat ion,  22 February 1963, CONFIDEFRIAL. 

2. l lF ina l  Report: Conceptual Design Study of Ten-Ton 
Reusable O r b i t a l  C a r r i e r , "  Cant r a c t  No. NAS8-5037, 
Report No. SID 63-158-1/2/3, North American Avia t ion ,  
Lnc., 22 February 1963, CONFIDENTIAL. 



Contract  Information 

1. Contractor :  Lockheed A i r c r a f t  Corporation 
a .  Contract  No.: NAS8-2687 
b. Per iod of Performance: May 62 - March 63 (Phase I )  
c .  Contract  Amount: $78,011 (Phase I )  
d .  Technical  Supervisor :  D.  Fel lenz/L.  Spears 

2 .  Contractor :  North American Avia t ion ,  Inc.  
a .  Contract No. : NAS8-5037 
b.  Per iod of Performance: June 62 - March 63 (Phase I )  
c .  Contract Amount: $92,000 (Phase I) 
d .  Technical  Supervisor :  D.  Fel lenz/L.  Spears 

G .  ADVANCED NOVA LAUNCH VEHICLE (TASKS I AND 11) 

Objec t ives  and Resul t s  

The o b j e c t i v e s  of t h e s e  i n v e s t i g a t i o n s  were t o  o b t a i n  da ta  
f o r  t h e  s e l e c t i o n  and d e f i n i t i o n  of a  Nova-class v e h i c l e ,  and t o  
explore  advanced concepts capable  of improving e f f i c i e n c y  of 
ope ra t i on  i n  Launching very  l a r g e  payloads (one m i l l i o n  pound 
c l a s s ) .  This  e f f o r t  (Tasks I and 11) was concentrated on 
advanced conceptual  des igns  f o r  promising veh ic l e s  using 
chemical p ropuls ion  f o r  Nova type  missions.  The r e s u l t s  of t h e s e  
s t u d i e s  a r e  documented i n  t h e  fol lowing f i n a l  r e p o r t s :  

1. "Phase I and I1 Post-Nova Launch Vehicle Study," Contract  
No. NAS8-5021, Report No. SM-42969, Douglas A i r c r a f t  
Company, Apr i l  1963, CONFIDENTIAL. 

2.  "A Btudy of Post-Nova Launch Vehicles ,  F i n a l  Summary 
Report,  " Contract  No. NAS8-5022, Report No. AOK 63-013, 
General Dynamics-Astronautics, Apr i l  1, 1963 CONFIDENTIAL. 

3.  "An Analysis of Future  Large Launching Systems,' '  Contract  
No. NAS8-5023, Report No. RM-3501, Rand Corporation 
March 1963, CONFIDENTIAL. 

Contract  Information 

1. Cont rac tor :  Douglas A i r c r a f t  Company 
a .  Contract  No.: NAS8-5021 
b. Period of Performance: June 62 - May 63 (Tasks I and 11) 
6 .  Contract  Amount: $166,401 (Tasks I and 11) 
d .  Technical  Supervisor :  3 .  Sanders 



2.  Contractor :  General Dynamics-Astronautics 
a .  Contract  No. : NAS8-5022 
b .  Per iod of Performance: June 62 - May 63 

(Tasks I and 11) 
c .  Contract  Amount: $184,563 (Tasks I and T I )  
d .  Technical  Supervisor :  J.  Sanders 

3 .  Contractor :  Rand Corporat ion 
a .  Contract  No.: NASB-5023 
b.  Per iod of Performance: Ju ly  62 - March 63 

, c .  Contract  Amount: $90,000 
d .  Technical  Supervisor :  J.  Sanders 



SECTION 11. LUNAR, ORBITAL, AND PLANETARY STUDIES 
i 

A. EARTH-LUNAR TRANSPORTATION SYSTEM (PHASE 11) 

Objec t ives  and Resul t s  

This  was a  con t inua t ion  of a  previous e f f o r t  t o  ob t a in  d a t a  
needed t o  determine t h e  optimum t r a n s p o r t a t r o n  mode f o r  accomplish- 
ing  a  manned luna r  landing and Ea r th  r e t u r n .  T ranspo r t a t i on  modes, 
p ropuls ion  systems, and v e h i c l e s  were t o  be analyzed. Conceptual 
des igns  were performed and p e r t i n e n t  a r e a s  of requi red  r e sea rch  
and development were def ined .  

The r e s u l t s  of t h i s  fallow-on e f f o r t  a r e  documented i n  t h e  
fo l lowing  f i n a l  r e p o r t :  

"Study of Advanced Lunar T ranspo r t a t i on  Systems," Contract  
No. NAS8-1531, Report No. ER12742, Martin Company, 
Dec,ember 1962, CONFIDENTIAL/RD. 

Contract  1nf ormat i o n  

1. Contractor :  Mart in  Company 
2. Contract  No.: NAS8-1531 
3. Per iod of Performance: September 61 - December 62 

(Phase 11) 
4. Contract  Amount: $181,605 (Phase 11) 
5. Technical  Supervisor :  C. EarkerIF. Williams 

B. REUSABLE NUCLEAR LUNAR FERRY VEHICLE (PHASE I) 

Objec t ives  and Resul t s  

The purpose of t h i s  s tudy  was t o  i n v e s t i g a t e  and compare 
two posSib le  approaches f o r  one o r  mare a t t r a c t i v e  follow-on 
(advanced) l una r  t r a n s p o r t a t i o n  system. One was t o  be  
expendable and t h e  second a  r eusab le  system. The r eusab le  
concept was t o  u t i l i z e  an orbi t - launched nuc l ea r  v e h i c l e ,  
r e f e r r e d  t o  a s  a  nuc l ea r  f e r r y  v e h i c l e ,  and o r b i t a l  ope ra t i on  
techniques .  This  phase of t h e  s tudy  (Phase I )  r equ i r ed  
conceptual  des ign  of t h e  v e h i c l e s  involved i n  each phase of 
ope ra t i on  of t h e  systems, excluding t h e  Ea r th  launch v e h i c l e .  
A d e t a i l e d  o p e r a t i o n a l  a n a l y s i s  was requi red  f o r  a  comparison 
of t h e  two systems on a  payload d e l i v e r y  cos t  b a s i s .  



The r e s u l t s  of t h i s  e f f o r t  a r e  documented i n  t h e  fol lowing 
f i n a l  r e p o r t s :  

1. "Advanced Lunar T ranspo r t a t i on  Study F i n a l  Report, ' '  
Contract  No. NAS8-5020, Report No. LMSC B00732-8-09- 
63-1, Lockheed A i r c r a f t  Corporat ion,  28 January 1963 
CONF IDENTIALI RD . 

2. "Comparative Study of  Advanced Lunar Transpor ta t ion  
Systems , "  Contract  No. NAS8-5027, Report No. 00.159, 
Chance Vought, 28 January 1963, CONFIDENTIAL/RD. 

Contract  Informat ion 

1. Cont rac tor :  Lockheed A i r c r a f t  Corporation 
a .  Contract  No.: NAS8-5020 
b. Period of Performance: May 62 - March 63 (Phase I )  
c .  Contract  Amount: $144,596 (Phase I) 
d.  Technical  Supervisor :  W .  JordanIC. Rutland 

2 .  Contractor :  Chance Vought 
a .  Contract  No.: NAS8-5027 
b .  Per iod of Performance: May 62 - March 63 (Phase I) 
c .  Contract  Amount: $144,897 (Phase I) 
d .  Technical  Supervisor :  W.  Jordan/C. Rutland 

C. ORBITAL AND LUNAR FLIGHT WANDBOOK (PHASE I) 

Objec t ives  and Resul t s  

The o b j e c t i v e  of t h i s  e f f o r t  was t o  develop two handbooks 
needed by pre l iminary  des ign  engineers  and mission planners  i n  
t h e  a r e a  of f l i g h t  mechanics and systems performance. One manual 
was t o  cover Ear th  o r b i t a l  a p p l i c a t i o n s  and t h e  o the r  was t o  cover 
l una r  a p p l i c a t i o n s .  Another s tudy was t o  provide t h e  same type  da t a  
f o r  p l ane t a ry  a p p l i c a t i o n s .  These pub l i ca t i ons  were t o  provide 
t h e  necessary  formulae,  graphs,  t a b l e s ,  and cons tan ts  t o  p lan  
missions around t h e  Ea r th ,  t o  t h e  Moon and t o  t h e  p l a n e t s .  

The handbooks developed from this e f f o r t  a r e  l i s t e d  below: 

1. "Orbi ta l  F l i g h t  Handbook, Volume I and Lunar P l i g h t  
Handbook, Volume I I " ,  Contract  No. NAS8-5031, Martin 
Company, 1963, UNCLASSIFIED. 



2. The above c o n t r a c t o r  pub l i ca t i ons  were r e i s sued  a s  
NASA Spec i a l  Pub l i ca t i ons  and a l s o  inc lude  t h e  
P l ane t a ry  Handbook. These pub l i ca t i ons  a r e  numbered 
NASA SP-33, SP-34, and SP-35. 

Contract  Informat ion  

1. Contractor :  Martin Company 
2 .  Contract  No. : NAS8-5031 
3. Per iod of Performance: June 62 - Apr i l  63 (Phase I) 
4. Contract  Amount: $171,221 
5. Technical  Supervisor :  C. Swanson 

i 

D.  LOW-ACCLERATION SPACE TRANSPORTATION SYSTEM 

Ob i e c t i v e s  and Resul t s  

The c o n t r a c t o r  was t o  perform a s tudy  designed t o  p r e d i c t ,  a s  
r e a l i s t i c a l l y  a s  p o s s i b l e ,  t h e  d e s i r a b l e  and a t t a i n a b l e  cha rac t e r -  
i s t i c s  of low a c c e l e r a t i o n  space v e h i c l e s  i n  t h e  per iod 1967-1980. 
The s tudy  was t o  determine propuls ion  systems requirements and 
c h a r a c t e r i s t i c s ,  which n e c e s s i t a t e d  s tudy  of a  number of r e l a t e d  
a s p e c t s  of t h e  o v e r a l l  v e h i c l e s  and t h e i r  missions i n  o rde r  t o  
form an adequate  b a s i s  f o r  conclusions.  The e f f o r t  included 
i n v e s t i g a t i o n  of e l e c t r i c  power sources ,  propulsfon system des ign  
and programming, r e l a t e d  des ign  problems, and comparison of 
performance and c o s t s .  This  included cons idera t ions  of system 
r e l i a b i l i t y  f o r  low a c c e l e r a t i o n  e l e c t r i c  v e h i c l e s  ve r sus  h igh  
a c c e l e r a t i p n  v e h i c l e s .  

The r e s u l t s  of t h i s  i n v e s t i g a t i o n  a r e  documented i n  t h e  f i n a l  
r e p o r t  l i s t e d  below: 

"A Considerat ion of t h e  Problems Rela t ing  t o  F e a s i b i l i t y ,  
U t i l i t y  and Development of E l e c t r i c a l  Propuls ion Systems," 
Contract  No. NAS8-2672, Report No..RM-3469, Rand Corporat ion,  
A p r i l  1963, CONFIDENTIAL. 

Contract  InEormation 

1. Contractor :  Rand Corporation 
2 .  Contract  No.: NAS8-2672 
3. Per iod  of Performance: May 62 - May 63 
4 .  Contract  Amount: $78,150 
5. Technical  Supervisor :  H. Ruppe 



Obi e c t  i ve s  and Resul t s  

Previous e f f o r t  provided information i n  f i v e  a r ea s  of 
importance i n  t h e  planning of manned i n t e r p l a n e t a r y  missions.  
These a r e a s  a r e :  Nonstop round t r i p s ,  s topover  round t r i p s ,  
space  missions launched normal t o  t h e  e c l i p t i c ,  p r e c i s e  
c a l c u l a t i o n s  of guidance s e n s i t i v i t i e s ,  and nonstop t r i p s  
pas s ing  bo th  Mars and Venus. The i n t e n t  of t h e s e  s t u d i e s  were 
t o  f i l l  t h e  gap f o r  t h e  mission a n a l y s t  and des ign  engineer  by 
p rov id ing  t e c h n i c a l  information i n  t h e  form of an easy t o  use 
manual. This  p a r t  of t h e  i n v e s t i g a t i o n  (Phase 11) was t o  provide 
in format ion  i n  t h e  fo l lowing  a r ea s :  

2 

1. Energy requirements f o r  round t r i p s  and oneway t r i p s  t o  
s p e c i f i e d  t a r g e t  p l a n e t s ,  i n  p a r t i c u l a r  Mercury, Venus 
and Mars, a s  a  func t ion  of t h e i r  launch da t e s  and s t ay -  
t i m e s  a t  t h e  t a r g e t  p l a n e t .  

2. Energy requirements  f o r  s p e c i a l  mission p r o f i l e s  such 
a s  t r a j e c t o r i e s  ou t  of t h e  e x l i p t i c ,  Hohmann, Crocco 
and Resonance round t r i p s .  

3 .  Optimum mission p r o f i l e s  f o r  t r a j e c t o r i e s  descr ibed  
above. 

4. Launch window requirements ,  p l ane t a ry  cap ture  maneuvers, 
midcourse maneuvers, accuracy requirements ,  t r a c k i n g  and 
p o s i t i o n  determining,  e n t r y  through p l ane t a ry  atmospheres,  
, o r b i t a l  ope ra t i ons ,  and genera l  a s t r o p h y s i c a l  cons ide ra t i ons .  

The r e s u l t s  of t h i s  phase of t h e  i n v e s t i g a t i o n  a r e  documented 
i n  t h e  fo l lowing  f i n a l  r epo r t :  

"Final  Report: A Study of In t e rp l ane t ay  T ranspo r t a t i on  
Systems, Phase 11, " Contract  No. NAS8-2469, Report No. 
3-17-63-1, Lockheed Miss les  and Space Company, 2 A p r i l  
1963, UNCLASSIFIED. 

Contract  Information 

1. Contractor :  Lockheed Missles and Space Company 
2. Contract  NO.: NAS8-2469 
3 .  Per iod  of Performance: June 62 - June 63 (Phase 11) 
4. Contract  Amount: $85,500 
5. Technica l  Supervisor :  H. Thomae/H. Ruppe 



EARLY MANNED PLANETAY MISSIONS (PHASE I) 
8. 

Objec t ives  and Resul t s  

d 

These i n i t i a l  s t u d i e s ,  u s u a l l y  r e f e r r e d  t o  a s  EMPIRE, 
i n v e s t i g a t e d  t h e  v e h i c l e s ,  systems and mission modes necessary  
t o  perform manned Mars and Venus f l yby  and o r b i t i n g  missions.  
These e a r l y  s t u d i e s  were t o  cons ider  o r b i t a l  t echniques ,  number 
of men p e r  s h i p ,  number of s h i p s  per  mission,  t r a j e c t o r y  and 
guidance,  l i f e  support  and human engineer ing ,  rocke t  o r  
aerodynamic braking f o r  Ea r th  r e t u r n ,  p o s s i b i l i t y  of use of 
Apollo capsu l e  w i t h  a new mission module, and a funding and 
program plan f o r  t h e  e a r l y  1970's .  From t h e s e  e a r l y  s t u d i e s ,  
it was determined t h a t  manned Mars and Venus missions appear  
f e a s i b l e  dur ing  t h e  1970's.  

The d e t a i l s  of t h i s  phase of t h i s  i n v e s t i ~ a t i o n  a r e  
documented i n  t h e  f i n a l  r e p o r t s  l i s t e d  below: 

1 .  "Manned I n t e r p l a n e t a r y  Mission Study," Contract  NO. 
NAS8-5024, Report No. 8-32-63-1, Lockheed A i r c r a f t  
Corporat ion,  March 1963, CONFIDENTIAL/RD. 

2.  "A Study of Early Manned I n t e r p l a n e t a r y  Missions 
(EMPIRE)," Contract  No. NAS8-5025, Report No. U-1951, 
Ford/Aeronutronics ,  21 December 1963, UNCLASSIFIED. 

3 .  "A Study of Ear ly  Manned I n t e r p l a n e t a r y  Missions", 
Contract  No. NAS8-5026, Report No. AOK 63-0001, 
General Dynamics-Astronautics, January 31, 1963, 
CONE IDENT IAL/ KD . 

Contract  Information 

1. Contractor :  Lockheed A i r c r a f t  Corporation 
a .  Contract  No.: NAS8-5024 
b .  Per iod of Performance: May 62 - May 63 (Phase I )  
c. Contract  Amount: $73,998 (Phase I )  
d .  Technical  Supervisor :  H. Ruppe 

2 .  Cont rac tor :  Ford/Aeronutronics 
'a.  Contract  No. : NAS8-5025 
b. Per iod of Performance: May 62 - February 63 
c .  Contract  Amount: $84,050 
d .  Technical  Supervisor :  H. Ruppe 

3. Contractor :  General Dynamics-Astronautics 
a .  Contract  No. : NAS8-5025 
b.Period of Per fomnce:May 62 - May 63 (Phase I )  
c. Contract  ,Amount: $100,178 (Phase I )  
d .Technical  Supervisor :  H. Ruppe 


