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FOREWORD 

This  s tudy w a s  performed by The Boeing Company f o r  t h e  N a t i o n a l  Aeronau- 
t i c s  and Space A d m i n i s t r a t i o n ,  Langley Research C e n t e r ,  under C o n t r a c t  
NAS1-6774. The I n t e g r a t e d  Manned I n t e r p l a n e t a r y  S p a c e c r a f t  Concept Defi-  
n i t i o n  Study w a s  a 14-month e f f o r t  t o  de te rmine  whether  a v a r i e t y  of 
manned s p a c e  miss ions  t o  Mars and Venus could  b e  accomplished w i t h  com- 
mon f l i g h t  hardware and t o  d e f i n e  t h a t  hardware and i t s  m i s s i o n  r e q u i r e -  
ments and c a p a b i l i t i e s .  The i n v e s t i g a t i o n  i n c l u d e d  a n a l y s e s  and t r a d e  
s t u d i e s  a s s o c i a t e d  w i t h  t h e  e n t i r e  m i s s i o n  system: t h e  s p a c e c r a f t ;  
launch v e h i c l e ;  ground, o r b i t a l ,  and f l i g h t  sys tems;  o p e r a t i o n s ;  u t i l i t y ;  
experiments ; p o s s i b l e  development s c h e d u l e s  ; and e s t i m a t e d  c o s t s .  

The r e s u l t s  d i s c u s s e d  i n  t h i s  volume a r e  based  on e x t e n s i v e  t o t a l  sys tem 
t r a d e s  which can be found i n  t h e  remaining volumes o f  t h i s  r e p o r t .  
A t t e n t i o n  i s  drawn t o  Volume I1 which h a s  been e s p e c i a l l y  p r e p a r e d  t o  
s e r v e  a s  a handbook f o r  p l a n n e r s  of f u t u r e  manned p l a n e t a r y  m i s s i o n s .  

'I Primary Discussion 

0 Summary or Supplemental 
Discussion 

Volume I / D2-113544- 1 
Summary Report 

Volume I I / D2- 1 1 3544-2 
System Assessment 
and Sensitivities 

Volume I H / D2- 1 1 3544-3 
System Analysis 
Part 1 - Missions and 
Operations 
Part 2 - Experiment 
Progran 

Volume IV/D2-113544-4 
System Definition 

Volume V/D2-113544-5 
Program Plans and Cost 

Volume VI / 02- 1 1 346.6 
Cost Effective Subsystem 
Selection and 
Evolutionary Develoment 
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The f i n a l  r e p o r t  i s  comprised o f  t h e  fo l lowing  documents,  i n  which t h e  
i n d i v i d u a l  e l emen t s  o f  t h e  s t u d y  are d i scussed  as shown: 

Volume T i t l e  P a r t  Repor t  No. 

I Summary D2-113544-1 
I1 System Assessment and D2-113544-2 

S e n s i t i v i t i e s  
I11 System Ana lys i s  P a r t  1- - M i  s s i ons and D2-113544-3-1 

Opera t  ions 
P a r t  2--Experiment Program D2-113544-3-2 

I V  System D e f i n i t i o n  

V Program P l a n s  and Cos t s  
V I  Cos t -Ef fec t ive  Subsystem 

S e l e c t i o n  and Evo lu t iona ry  
Development 

The accompanying matr ix  i s  a c ross - r e fe rence  of s u b j e c t s  
volumes. 

D2-113544-4 

D2-113544-5 
D2-113544-6 

i n  t h e  v a r i o u s  
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ABSTRACT 

This  volume summarizes t h e  I n t e g r a t e d  Manned I n t e r p l a n e t a r y  S p a c e c r a f t  
Concept D e f i n i t i o n  s t u d y .  
of accomplishing t h e  m a j o r i t y  of manned m i s s i o n  o p p o r t u n i t i e s  t o  o r b i t  
Venus and l a n d  on Mars over  a Mars s y n o d i c  c y c l e  from 1975 t o  1990. The 
recommended system i s  an a l l - n u c l e a r  space a c c e l e r a t i o n  system and a 
b a s i c  s p a c e c r a f t  c o n s i s t i n g  of a b i c o n i c  E a r t h  e n t r y  module; a m i s s i o n  
module which p r o v i d e s  t h e  l i v i n g  q u a r t e r s ,  v e h i c l e  c o n t r o l ,  and e x p e r i -  
ment l a b o r a t o r i e s ;  and an Apollo-shaped Mars e x c u r s i o n  module. The 
e n t i r e  space  v e h i c l e  i s  p laced  i n  E a r t h  o r b i t  by s i x  launches  of  an up- 
r a t e d  Sa turn  V launch v e h i c l e .  

It recommends a common v e h i c l e  t h a t  i s  c a p a b l e  

iv 
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AB B REV I AT I ON S 

A.U. 

bPS 

C/O 

CM 

CMG 

CONJ  

C SM 

AV 

DSIF 

DSN 

@ 

ECLS 

EC S 

EEM 

ELV 

EMOS 

EVA 

FY 

f PS 

GSE 

IBMC 

IMIEO 

IMISCD 

I S P  
IU 

KSC 

A ’  

LC 

LC-34 & -37 

LC-39 

LH2 
LO 

LO2 o r  LOX 

LRC 

Astronomical  u n i t  

B i t s  p e r  second 

Checkout 

Command module (Apollo program) 

Con t r o l  moment gyro  

Con j u n c t i o n  

Command s e r v i c e  module (Apollo program) 

Incrementa l  v e l o c i t y  

Deep Space I n s t r u m e n t a t i o n  F a c i l i t y  

Deep Space Network 

E a r t h  

Environmental  c o n t r o l  l i f e  s u p p o r t  sys tem 

Environmental  c o n t r o l  system 

E a r t h  e n t r y  module 

E a r t h  launch v e h i c l e  

E a r t h  mean o r b i t a l  speed 

E x t r a v e h i c u l a r  a c t i v i t y  

F i s c a l  y e a r  

f e e t  Isec 

Ground s u p p o r t  equipment 

Inbound midcourse c o r r e c t i o n  

I n i t i a l  mass i n  E a r t h  o r b i t  

I n t e g r a t e d  Manne d I n  t e r p l  ane t a r y  S p a c e c r a f t  Concept D e  f i n i  t i on 

S p e c i f i c  impulse 

I n s  t rumen t u n i t  

Kennedy Space Center  

R a t i o  of p r o p e l l a n t  weight  t o  o v e r a l l  p r o p u l s i o n  module weight  

Launch complex 

Launch complexes f o r  S a t u r n  I B  

Launch complex f o r  S a t u r n  V 

L i q u i d  hydrogen 

Long 

Liquid  oxygen 

Langley Research Center  
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AB B REV I AT1 ON S (Con tin ued) 

L i f e  s u p p o r t  system 

Launch u m b i l i c a l  tower 

Mars 

Mars e x c u r s i o n  module 

Minimum i n i t i a l  mass i n  Earth o r b i t  

Mission module 

Modif ied Apollo 

Manned S p a c e c r a f t  Center  (Houston) 

M a r s h a l l  Space F l i g h t  Center ( H u n t s v i l l e )  

M i s s i s s i p p i  ‘res t F a c i l i t y  

Letters d e s i g n a t e  t h e  type  of a c c e l e r a t i o n  systems 

F i r s t  l e t  ter--Earth o r b i t  d e p a r t  

Second--planetary d e c e l e r a t i o n  

Third--planet  escape 

Example: 

Outbound midcourse c o r r e c t i o n  

Opposi t i o n  

O r b i t  t r i m  

Payload 

P r o p u l s i o n  module, Ear th  o r b i t  e s c a p e  

P r o p u l s i o n  module, p l a n e t  brak ing  

P r o p u l s i o n  module, p l a n e t  escape 

R e a c t i o n  c o n t r o l  system 

Space a c c e l e r a t i o n  

S p a c e c r a f t  

F i r s t  s t a g e  o f  S a t u r n  V 

Second s t a g e  of S a t u r n  V 
S h o r t  

S ta te  of  a r t  

S o l i d  r o c k e t  motor 

Space v e h i c l e  

Swingby 

NAC = Nuclear  Earth d e p a r t l a e r o b r a k e r  d e c e l e r a t i o n  
a t  p l a n e t / c h e m i c a l  p l a n e t  e s c a p e  
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1 . 0  INTRODUCTION 
One of t h e  major  q u e s t i o n s  b e f o r e  t h e  n a t i o n  
should  t h e  p lanning  be a f t e r  t h e  Apollo program? 
area i n v o l v e s  t h e  c u r r e n t l y  approved Apollo 
A p p l i c a t i o n s  Program i n t e g r a t e d  w i t h  p o s s i b l e  follow-on 
space  s t a t i o n  programs and w i t h  i n t e r p l a n e t a r y  
e x p l o r a t i o n  programs. It i s  impor tan t  t o  accomplish t h i s  
p lanning  as soon a s  p o s s i b l e  i n  o r d e r  t o  d e r i v e  optimum 
commonality and t h e r e f o r e  b e n e f i t  from the NASA 
Research and Advanced Technology Program. 

is  what 
This  

R e l a t i v e  t o  t h e  i n t e r p l a n e t a r y  p o r t i o n  of t h e  N a t i o n a l  
Space Program p l a n ,  c e r t a i n  b a s i c  d a t a  a re  needed. The 
t h r e e  most impor tan t  c a t e g o r i e s  of t h e s e  b a s i c  d a t a  l i e  
i n  t h e  areas of (1) d e f i n i t i o n  of t h e  s c i e n t i f i c  and 
e n g i n e e r i n g  measurements, ( 2 )  d e f i n i t i o n  of t h e  proper  mix 
of unmanned and manned m i s s i o n s  f o r  a l o g i c a l  a c q u i s i t i o n  
of  t h e  d e s i r e d  s c i e n t i f i c  and e n g i n e e r i n g  d a t a ,  and 
( 3 )  t h e  s e l e c t i o n  of an i n t e g r a t e d  approach t o  d e s i g n i n g  
t h e  hardware f o r  a f l e x i b l e  manned i n t e r p l a n e t a r y  m i s s i o n  
system. I t  i s  p r i n c i p a l l y  toward t h e  l a s t  of t h e s e  t h r e e  
areas of p lanning  d a t a  development t h a t  t h i s  s t u d y  was 
d i r e c t e d ,  w i t h  a c o n s i d e r a b l e  c o n t r i b u t i o n  t o  t h e  f i r s t  
a l s o  b e i n g  involved .  

OBJECTIVES 
The broad  o b j e c t i v e  of t h e  I n t e g r a t e d  Manned I n t e r p l a n e t a r y  S p a c e c r a f t  Con- 
c e p t  D e f i n i t i o n  Study w a s  t o  examine the  p o s s i b i l i t y  of accomplishing a v a r i -  
e t y  of manned s p a c e  m i s s i o n s  t o  t h e  n e a r  p l a n e t s  u s i n g  a common set  of m i s s i o n  
hardware.  The s p e c i f i c  o b j e c t i v e s  of the s t u d y  were: 

e To c o n c e p t u a l l y  d e s i g n  i n t e r p l a n e t a r y  s p a c e  v e h i c l e  systems s u i t a b l e  
f o r  accomplishing manned m i s s i o n s  t o  l a n d  on Mars and o r b i t  Venus 
and t o  d e f i n e  t h e  miss ions  and mission modes t h a t  can b e  accomplished 
w i t h  such  s p a c e  v e h i c l e  c a p a b i l i t i e s ;  

a c t e r i s t i c s  f o r  t h e  s p a c e c r a f t  and i ts  subsystems and t o  i d e n t i f y  
c r i t i c a l  development and performance problems f o r  technology 
advancement ; 

0 To d e f i n e  experiments  and performance parameters  t h a t  w i l l  gu ide  t h e  
p l a n n i n g  f o r  t h e  Apollo a p p l i c a t i o n s  and p o s s i b l e  follow-on s p a c e  
s t a t i o n  programs t o  e n s u r e  t h a t  they w i l l  c o n t r i b u t e  i n  an optimum 
manner t o  t h e  e v o l u t i o n  of t h e  manned p l a n e t a r y  c a p a b i l i t i e s ;  

e To d e f i n e  from t h e  viewpoint  of conceptual  s p a c e  v e h i c l e  d e s i g n  
d e s i r a b l e  c h a r a c t e r i s t i c s  f o r  p o s s i b l e  S a t u r n  V u p r a t i n g ,  pos t -  
S a t u r n  launch v e h i c l e  requi rements ,  and o t h e r  advanced technology 
programs as w e l l  a s  f o r  any o r b i t a l  o p e r a t i o n s  development and pre-  
c u r s o r  p l a n e t a r y  probe  ac t iv i t ies ;  

e To e s t a b l i s h  r e a l i s t i c  performance requirements  and o p e r a t i n g  char-  

1 
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To d e f i n e  t h e  p o s s i b l e  development schedules  and e s t i m a t e d  c o s t s  
a s s o c i a t e d  w i t h  t h e  space  v e h i c l e  des ign .  

BACKGROUND 
Over t h e  p a s t  decade s e v e r a l  manned i n t e r p l a n e t a r y  m i s s i o n  s t u d i e s  have 
been performed. The e a r l y  s t u d i e s  were concent ra ted  on p a r t i c u l a r  m i s -  
s i o n s  o r  classes of m i s s i o n s  such as t h e  high-energy o p p o s i t i o n  c l a s s  
m i s s i o n s  and t h e  low-energy long d u r a t i o n  c o n j u n c t i o n  c l a s s  miss ion .  
I n  g e n e r a l ,  t h e s e  s t u d i e s  investigated miss ion  r e q u i r e m e n t s ,  miss ion  
modes, sys tems,  and s p a c e c r a f t  d e s i g n s  s u i t a b l e  f o r  accomplishing 
s p e c i f i c  miss ions .  The more r e c e n t  s t u d i e s  i n d i c a t e d  t h a t  i t  is pos- 
s i b l e  t o  se lec t  miss ion  modes and miss ion  o p p o r t u n i t i e s  f o r  b o t h  Mars 
and Venus i n  such a manner t h a t  t h e  range of performance requi rements  
is  s m a l l  enough t h a t  i t  is  p r a c t i c a l  t o  accomplish a l a r g e  number of 
m i s s i o n s  w i t h  a s i n g l e  space  v e h i c l e  concept .  

It  was l o g i c a l  t h e n  t h a t  t h i s  s t u d y  be performed t o  examine t h e  v a r i o u s  
t y p e s  o r  classes of miss ions  f o r  t h e  o p p o r t u n i t i e s  over  a t y p i c a l  Mars 
synodic  c y c l e  i n  r e l a t i o n s h i p  t o  t h e  hardware a l t e r n a t i v e s  t o  develop 
a s i n g l e  s p a c e  v e h i c l e  concept .  

2 
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2.0 SCOPE AND APPROACH 
The i n i t i a l  s t u d y  
of t h e  c o n t r a c t .  
w a s  s p e c i f i e d  f o r  

g u i d e l i n e s  were provided  by t h e  NASA a t  t h e  b e g i n n i n g  
The t y p i c a l  Mars synodic  c y c l e  f o r  m i s s i o n  a n a l y s e s  
1975-1990. 

To respond p r o p e r l y  t o  t h e  s t u d y  o b j e c t i v e s ,  c o n s i d e r a t i o n  w a s  g i v e n  t o  
t h e  e n t i r e '  i n t e r p l a n e t a r y  m i s s i o n  sys tem and n o t  j u s t  t o  t h e  develop- 
ment of a s p a c e c r a f t  conceptua l  d e s i g n .  
e lements  of t h e  o v e r a l l  i n t e r p l a n e t a r y  m i s s i o n  system. 
examined through a n a l y s e s  t o  make d e s i g n  s e l e c t i o n s  and develop recom- 
mended procedures ,  program s c h e d u l e s ,  c o s t s ,  and r e l i a b i l i t y  and 
s a f e t y  p r o v i s i o n s .  

F i g u r e  2-1 i d e n t i f i e s  t h e  major  
Each element w a s  

3 
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INTERPLANETARY MISSION SYSTEM 

M A R S  EXCURS I O N  MODULE 

M I S S I O N  MODULE 

EARTH ENTRY MODULE 
INBOUND MIDCOURSE 
CORRECT1 ON 

PROPULSION 
MODULE 3 (PM-3) 

ORBIT T R I M  

OUTBOUND MIDCOURSE 
CORRECT1 ON 

PROPULSION 
MODULE 1 (PM-1) 

SPACECRAFT 

SPACE 
ACCELERATION 

LOGISTIC, EARTH ASSEMBLY, SERVICING, 
CHECKOUT, AND LAUNCH SUPPORT 

TRACKING, COMMUNICATION, DATA 
ACQU I S I T  I ON, DATA MANAGEMENT 
SUPPORT, AND RECOVERY SUPPORT 

SPACE 
VEH I CLE 

EARTH LAUNCH 
VEHICLE 

EARTH BASED 
SUPPORT 

F i g u r e  2-1 
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A s c i e n c e  experiment  program w a s  developed around t h e  b a s i c  q u e s t i o n  of  
t h e  o r i g i n  and e v o l u t i o n  of t h e  s o l a r  sys,tem. 
expanded i n t o  f i v e  experiment c a t e g o r i e s  which were t h e n  d e f i n e d  i n  terms 
of 49 s p e c i f i c  c l a s s e s  of o b s e r v a t i o n s  and measurements. 
t h e s e ,  t h e  p r e s e n t  knowledge b a s e  w a s  e s t a b l i s h e d .  

An unmanned p r e c u r s o r  program, through 1975 ,  w a s  l a i d  o u t  f o r  t h o s e  
measurements t h a t  can be made w i t h  a n  unmanned system. T h e i r  c o n t r i b u -  
t i o n  was e s t i m a t e d  and added t o  t h e  p r e s e n t  knowledge b a s e .  

The s c i e n c e  program w a s  t h e n  d e f i n e d  f o r  t h e  manned m i s s i o n s  and s p e c i f i c  
payload requi rements  were genera ted  f o r  t h e  t r a n s i t  phase ,  t h e  p l a n e t  
o r b i t  phase  and t h e  Mars s u r f a c e  phase.  
and o r b i t e r s  were inc luded  t o  complement t h e  manned a c t i v i t i e s .  I n  addi-  
t i o n  s p e c i f i c  probes were inc luded  t o  p r o v i d e  i n f o r m a t i o n  f o r  f i n a l  s i t e  
s e l e c t i o n  f o r  l a n d i n g  on Mars, b o t h  t o  e n s u r e  a p r o d u c t i v e  m i s s i o n  and 
t h e  s a f e t y  of t h e  crew. F i n a l l y ,  a n  assessment  w a s  made of t h e  expec ted  
s c i e n t i f i c  r e t u r n  f o r  t h r e e  manned f l i g h t s  t o  Mars and two t o  Venus. The 
r e s u l t s  f o r  Mars a r e  shown i n  F i g u r e  2-2,  which d i s p l a y s  t h e  p r e s e n t  
knowledge b a s e  f o r  each of t h e  f i v e  c a t e g o r i e s  of exper iments ,  t h e  es t i -  
mated c o n t r i b u t i o n  of t h e  unmanned p r e c u r s o r  program and t h e  knowledge 
r e t u r n  from t h r e e  manned miss ions  t o  Mars. 

S i m i l a r  d a t a  developed f o r  Venus shows somewhat less t o t a l  accomplish- 
ment, due p r i n c i p a l l y  t o  t h e  f a c t  t h a t  s u r f a c e  e x p l o r a t i o n  w a s  re- 
s t r i c t e d  t o  t h e  u s e  of unmanned l a n d e r s .  

T h i s  b a s i c  q u e s t i o n  w a s  

For  each of 

A number of unmanned probes  

IMISCD KNOWLEDGE 
BASE COMPARISONS-MARS 

PLANETOLOGY 

ENVl  RONMENT 

COMPOSITION 

MOD I FY I NG FORCES 

LIFE 

1 2 3 4 
PREDICTED KNOWLEDGE RANGE - AVERAGE 

F i g u r e  2-2 
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A group of m i s s i o n s  was s e l e c t e d  t h a t  spanned t h e  range of  energy 
requi rements  of t h e  v a r i o u s  Mars and Venus o p p o r t u n i t i e s  d u r i n g  t h e  
t y p i c a l  Mars synodic  c y c l e  from 1975 t o  1990. The energy requi rements  
f o r  t h e  o p p o s i t i o n  class miss ions  between 1975 and 1980 are e x c e s s i v e ;  
t h e r e f o r e ,  o n l y  o p p o s i t i o n  class miss ions  between 1982 and 1990 were 
cons idered .  The p l a n e t a r y  s t a y  t i m e  was f i x e d  a t  40 days f o r  a l l  of 
t h e  m i s s i o n  t r a j e c t o r i e s  except  f o r  t h e  Mars c o n j u n c t i o n  c l a s s  and Venus 
l o n g  s t a y  t i m e  m i s s i o n s  which have s t a y  times of about  500 days.  
ments shown i n  Table  2-1 were d e r i v e d  by developing  t r a j e c t o r i e s  t h a t  
p rovided   he minimum Initial mass li; Ear th  o r b i t  f z r  each m i s s i m  i n  t h e  
r e p r e s e n t a t i v e  group. 

Require- 

Table  2-1: SELECTED MISSION PARAMETERS 

Avl 

AV2 

AV3 
E a r t h  E n t r y  V e l o c i t y  

11,700 - 16,700 f p s  (3565-5080 m/sec) 

6,950 - 17,400 f p s  (2120-5300 m/sec> 

6,320 - 19,000 f p s  (1925-5790 m/sec> 

38,000 - 60,200 fps(11,600-18,320 m/sec) 

T o t a l  Mission T i m e  460 - 1,040 days 

P l a n e t  S t a y  T i m e  40 - 580 days 

Minimum Sun Dis tance  0.50 - 1.00 A.U. 

Maximum E a r t h  D i s t a n c e  0.67 - 2.70 A.U.  

Those requi rements  w i t h  t h e  g r e a t e s t  i m p a c t  on t h e  s p a c e c r a f t  d e s i g n  
were t h e  E a r t h  e n t r y  v e l o c i t y  and mission t i m e .  
AV requi rements  and t h e i r  wide v a r i a t i o n  between miss ion  o p p o r t u n i t i e s  
had t h e  s t r o n g e s t  i n f l u e n c e  on t h e  space a c c e l e r a t i o n  system. 

The d i s t r i b u t i o n  of t h e  

I n  l i g h t  of  t h e  wide v a r i a t i o n  o f  miss ion  requi rements  coupled w i t h  
such u n c e r t a i n t i e s  as t h e  environment ,  experiment system requi rements ,  
and p o s s i b l e  requirement  f o r  a r t i f i c i a l  g r a v i t y ,  i t  appeared h i g h l y  
d e s i r a b l e  t o  have a system t h a t  w a s  r e l a t i v e l y  i n s e n s i t i v e  t o  unpre- 
d i c t a b l e s ,  t o l e r a n t  t o  changes,  and f l e x i b l e  enough t o  accomplish t h e  
m a j o r i t y  of  t h e  m i s s i o n s .  T h i s  sugges ted  t h a t  t h e  system should  b e  
des igned  e i t h e r  f o r  t h e  worst-case parameters  and t a k e  t h e  p e n a l t i e s  
i n  t h e  sys tem o r  designed f o r  t h e  minimum requi rements  and p r o v i d e  f o r  
i n c r e m e n t a l  c a p a b i l i t i e s  a s  n e c e s s a r y .  

With t h e s e  thoughts  i n  mind, t h e  spacecraft ,  which i s  made up of a 
m i s s i o n  module ( t h e  l i v i n g  and work a r e a  f o r  t h e  crew),  an  E a r t h  e n t r y  
module, a Mars e x c u r s i o n  module, and experiment accommodation, was 
broken down t o  i d e n t i f y  t h o s e  elements  bas i c  t o  a l l  m i s s i o n s  and asso-  
c i a t e d  requi rements .  The b e s t  o v e r a l l  c o n f i g u r a t i o n  w a s  then  developed 
by examining a l l  incrementa l  requirements  t o  e s t a b l i s h  whether  t h e i r  p rovi -  
s i o n s  s h o u l d  be  a p a r t  of t h e  b a s i c  v e h i c l e ,  common t o  a l l  m i s s i o n s ,  o r  
whether  t h e y  should  be added f o r  s p e c i f i c  m i s s i o n s .  

6 
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I n  t h e  development of t h e  space acceleration system, v a r i o u s  types  and combi- 
n a t i o n s  of p ropu l s ion  system-Earth launch  v e h i c l e s  were s t u d i e d  t o  de t e rmine  
t h e  b e s t  combinat ion when cons ide r ing  s a f e t y ,  s u c c e s s ,  c o s t ,  weight  i n  E a r t h  
o r b i t ,  program r i s k ,  complexi ty ,  and u t i l i z a t i o n  i n  o t h e r  programs. During 
t h i s  s tudy ,  105 space  v e h i c l e  and launch  v e h i c l e  combinat ions were examined 
through des ign  a n a l y s i s  and c o s t  e s t i m a t i o n .  The space  a c c e l e r a t i o n  candi -  
d a t e s  cons idered  were n u c l e a r  p r o p u l s i o n ,  chemical  p r o p u l s i o n ,  and aerody-  
namic braking  ( a t  t h e  t a r g e t  p l a n e t ) .  

Ea r th  launch v e h i c l e s  ranging  from an  u p r a t e d  S a t u r n  V (300,000-pound payload  
i n t o  a 262-naut ical-mile  orbit---136,000-kilogram payload i n t o  a 485-ki lometer  
o r b i t )  t o  a Pos t -Sa turn  capable  of  p l a c i n g  t h e  e n t i r e  space  v e h i c l e  i n t o  
E a r t h  o r b i t  (approximate ly  2 t o  4 m i l l i o n  pounds---0.9 t o  1.8 m i l l i o n  k i l o -  
grams) were cons ide red .  A d e t a i l e d  a n a l y s i s  w a s  made t o  de te rmine  t h e  impact 
and necessary  m o d i f i c a t i o n  t o  t h e  KSC f a c i l i t i e s  f o r  each  of t h e  space  a c c e l e r -  
a t ion-Ear th  launch  v e h i c l e  combina t ions .  

The requirement  f o r  g r a v i t y  t o  m a i n t a i n  t h e  c r e w  f o r  ex tended  t i m e  p e r i o d s  
i s  an  unknown. Whether t h i s  requi rement  i s  v a l i d  o r  n o t  may n o t  be  answered 
b e f o r e  t h i s  system i s  committed. The approach t o  t h i s  problem w a s  t o  d e s i g n  
t h e  b a s i c  s y s t e m  f o r  ze ro -g rav i ty  o p e r a t i o n  and t o  p rov ide  f o r  s imple  modi f i -  
c a t i o n  f o r  a r t i f i c i a l  g r a v i t y  i f  i t  is  found a necessa ry  requi rement .  

7 
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3.0 RESULTS AND CONCLUSIONS 
Previous  s t u d i e s  and i n i t i a l l y  t h i s  s t u d y  used t h e  i n i t i a l  mass i n  E a r t h  
o r b i t ,  which can b e  g r o s s l y  equated i n t o  c o s t  as a f i g u r e  of m e r i t .  It 
proved u s e f u l  f o r  i d e n t i f i c a t i o n  of d e s i r a b l e  c a n d i d a t e  sys tems,  b u t  
even a d e t a i l e d  c o s t  a n a l y s i s  could  n o t  provide a means f o r  t h e  s e l e c t i o n  
of t h e  recommended system. The f i n a l  s e l e c t i o n  could  o n l y  b e  made when 
t h e  remaining c a n d i d a t e s  were e v a l u a t e d  f o r  t h e i r  r e l a t ive  i n s e n s i t i v i t i e s  
t o  change and t o l e r a n c e  t o  unknowns. 

The s p a c e c r a f t ,  s p a c e  a c c e l e r a t i o n  system, E a r t h  launch  v e h i c l e ,  and sys-  
t e m  impact on t h e  launch f a c i l i t i e s  were found t o  be t h e  major  e lements  
t h a t  had t o  b e  s t u d i e d  i n  some depth  f o r  the s e l e c t i o n  o f  t h e  recommended 
i n t e r p l a n e t a r y  m i s s i o n  system. 

I t  was found t h a t  the  spacecraft could be ana2yzed re la t ive2y  indepen- 
dent2y of  t he  other  system e2ements. 
t h i s  e lement .  The Apollo s h a p e  reaches  i t s  E a r t h  e n t r y  v e l o c i t y  capa- 
b i l i t y  around 45,000 f p s  (13,720 m/sec) ;  t h e r e f o r e ,  i t  must b e  augmented 
w i t h  a r e t r o p r o p u l s i o n  system t o  accommodate t h e  h i g h e r  e n t r y  v e l o c i t i e s .  
It w a s  found by examining o t h e r  v e h i c l e  concepts  t h a t  t h e  b i c o n i c *  d e s i g n  
can s u c c e s s f u l l y  e n t e r  t h e  E a r t h ' s  atmosphere f o r  v e l o c i t i e s  up t o  
65,000 f p s  (19,800 m/sec) .  
and r e c u r r i n g  c o s t s  f o r  t h i s  v e h i c l e  were c o m p e t i t i v e  w i t h  a six-man 
Apollo-type s h a p e  w i t h  a r e t r o p r o p u l s i o n  s y s t e m .  

Figure 3-1 shows t h e  e v o l u t i o n  of 

It was also determined t h a t  t h e  development 

The Apollo s h a p e  and a l i f t i n g  body shape were compared f o r  Mars e n t r y  
and landing .  The Apollo shape  was t h e  l i g h t e r  of t h e  two and w a s  more 
t o l e r a n t  t o  c r e w  s i z e  and experiment  v a r i a t i o n s .  This  shape  a l s o  l e n d s  
i t s e l f  t o  unmanned precursor probes w h i l e  p r o v i d i n g  v a l u a b l e  engineer -  
i n g  d a t a  f o r  t h e  development and t e s t i n g  of t h i s  c o n f i g u r a t i o n  f o r  t h e  
manned system. 

It w a s  de te rmined  t h a t  t h e  environmental  c o n t r o l  system and power r a d i a -  
t o r s  and t h e  communication system should  be des igned  f o r  t h e  most 
s t r i n g e n t  m i s s i o n  requi rements  because of t h e  d i f f i c u l t y  of i n c o r p o r a t i n g  
increment  c a p a b i l i t i e s .  The e f f e c t s  of i n c r e a s e d  meteoro id  s h i e l d i n g ,  
expendables ,  and system s p a r e s  were cons iderable .  T h e r e f o r e ,  t h e r e  are 
p r o v i s i o n s  t o  accommodate i n c r e m e n t a l  loading  of  t h e s e  i t e m s  when neces- 
s a r y  f o r  t h e  l o n g e r  d u r a t i o n  m i s s i o n s .  

Basic experiment  l a b o r a t o r i e s  and s e n s o r s  common t o  a l l  m i s s i o n s  are 
i n t e g r a t e d  i n t o  t h e  m i s s i o n  module. Those experiment s e n s o r s  and probes  
p e c u l i a r  t o  c e r t a i n  m i s s i o n s  are l o c a t e d  i n  a s e p a r a t e  module t h a t  can  
accommodate a wide v a r i a t i o n  of requirements .  

I t  was found tha t  the space accelerat ion system and the  Earth Zaunch 
vehic le  were interdependent and proper select ion could only be made 
when they were considered together .  

*LMSC Document 4-05-65-12, Study of Manned VehicZes f o r  Entering the 
Earth's Atmosphere a t  Hyperbolic Speeds, NASA C o n t r a c t  NAS2-2526, Lock- 
heed Missiles and Space Co., November 1965. 
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An i n i t i a l  s e l e c t i o n  of an  a l l - n u c l e a r  a c c e l e r a t i o n  system i n  conjunc- 
t i o n  with an u p r a t e d  S a t u r n  V E a r t h  launch v e h i c l e  w i t h  a c a p a b i l i t y  i n  
t h e  range of 500,000 t o  800,000 pounds (227,000 t o  363,000 Kg) i n  E a r t h  
o r b i t  was made. 
e v a l u a t i n g  c r i t e r i a ,  i t  w a s  c o n s i d e r a b l y  o f f  optimum when t h e  i n d i v i d u a l  
s t a g e s  were s i z e d  t o  accommodate t h e  maximum impulses  found f o r  t h e  var -  
i o u s  missions.  There were s e v e r a l  t r a j e c t o r y  m o d i f i c a t i o n s  t h a t  p rovided  
some r e l i e f ,  p a r t i c u l a r l y  t h e  Mars m i s s i o n  t h a t  swings by Venus, b u t  
t h i s  improved t h e  s i t u a t i o n  o n l y  f o r  a few m i s s i o n s .  
u r e  3-2, a modular approach w a s  t h e n  cons idered  where t h r e e  d i f f e r e n t  
s i z e d  p r o p u l s i o n  modules were used i n  v a r i o u s  combinat ions and m u l t i p l e s  
t o  s e m i t a i l o r  t h e  a c c e l e r a t i o n  system f o r  each m i s s i o n .  T h i s  showed 
c o n s i d e r a b l e  promise b u t  r e q u i r e d  i n c r e a s e d  t e s t i n g  f o r  t h e  development 
of  t h r e e  modules and t h e i r  arrangements .  T h i s  approach a l s o  had t h e  
problem of  matching t h e  t h r e e  d i f f e r e n t  modules t o  a s i n g l e  E a r t h  launch  
v e h i c l e .  A s e a r c h  t o  c i rcumvent  t h e s e  shortcomings r e v e a l e d  a concept  

Although t h i s  s e l e c t i o n  w a s  judged  b e s t  from t h e  i n i t i a l  

A s  shown i n  Fig- 

SPACECRAFT 
PROBLEMS 

M I S S I O N  T I M E  460 - 1040 DAYS 
M I N I M U M  DISTANCE TO S U N  0.50 - 1.0 AU 
EARTH ENTRY VELOCITY 38, OOO - 60,200 FPS 
ENVIRONMENT UNCERTAINTIES 

11,600 - 18,900 MISEC 

n 
c z 
W 

I c 

6 M A N  APOLLO B l C O N l C  

I 

VELOC I TY 
65, OOO FPS 
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t h a t  was i n s e n s i t i v e  t o  t h e  wide v a r i a t i o n  of AV requi rements  between 
impulse e v e n t s  and could  b e  t a i l o r e d  t o  always t a k e  advantage  of t h e  
E a r t h  launch  v e h i c l e ' s  c a p a b i l i t y .  This s p a c e  a c c e l e r a t i o n  concept  
u t i l i z e s  common p r o p u l s i o n  modules w i t h  a c a p a b i l i t y  of t r a n s f e r r i n g  
p r o p e l l a n t  between t h e  modules t o  accommodate t h e  v a r y i n g  impulse r e q u i r e -  
ments f o r  t h e  d i f f e r e n t  m i s s i o n s .  The t o t a l  m i s s i o n  AV requirement  w a s  
examined f o r  t h e  v a r i o u s  m i s s i o n s ,  and it was found t h a t  a n  a c c e l e r a t i o n  
system i s  made up of i d e n t i c a l  modules--three f o r  i n j e c t i n g  i n t o  t h e  
i n t e r p l a n e t a r y  t r a j e c t o r y  (PM-1) a s i n g l e  module f o r  b r a k i n g  i n t o  t h e  
p l a n e t  c r b i t  (?M-2), ax! 2 s i n g l e  n o d u l e  f o r  i n j e c t i n g  i n t o  t h e  t r a n s -  
E a r t h  t r a j e c t o r y  (PM-3). The p r o p e l l a n t  i s  t r a n s f e r r e d  from PM-2 t o  
PM-1 d u r i n g  t h e  E a r t h  d e p a r t u r e  a c c e l e r a t i o n .  I f  a d d i t i o n a l  p r o p e l l a n t  
is  r e q u i r e d  f o r  d e c e l e r a t i o n  i n t o  t h e  p l a n e t ,  p r o p e l l a n t  i s  t r a n s f e r r e d  
from PM-3 t o  PM-2. 

By t r a n s f e r r i n g  p r o p e l l a n t  from t h e  upper t o  t h e  lower p r o p u l s i o n  module, 
t h e  m a j o r i t y  of t h e  d e s i r e d  miss ions  can b e  performed. For  many of  t h e  
m i s s i o n s ,  c a p a b i l i t y  f o r  a d d i t i o n a l  payload i s  provided .  

A c o s t  a n a l y s i s  of an a c c e l e r a t i o n  system t h a t  u s e s  t h e  common p r o p u l s i o n  
module v e r s u s  a less f l e x i b l e  one t h a t  u s e s  s e m i t a i l o r e d  modules showed 
t h a t  t h e  s l i g h t l y  g r e a t e r  r e c u r r i n g  c o s t s  f o r  t h e  common module approach 
were o f f s e t  by t h e  a d d i t i o n a l  t e s t i n g  and development c o s t s  f o r  t h e  s e m i -  
t a i l o r e d  concept .  

ACCELERATION SYSTEM 
SPACECRAFT 163,000 - 281,000 LBS 

PLANET ORB I T  DEPARTURE 6,300 - 19,000 FPS 

PLANET BRAKING 6,950 - 17,400 FPS 

A 
(1,920 - 5,800 MISEC) 

(2, 120 - 5,300 MIS EC) 

EARTH ORB I T  DEPARTURE 11,600 - 16,700 FPS 
(3,400 - 5,090 MISEC) 

/\MODULAR 

E LV 
MISMATCH 

P R OPELLA NT RECOMMENDED A 
TRANSFER ACCELERAT I ON 

SYSTEM (3-1-1) 1 
t n  

b ELV 
COMPATIBILITY 

500,000 LB 
(227,000 KG) FUELED 

F i g u r e  3-2 
1 0  



D2-113544-1 

LAUNCH DATE DESTl  N A T l  ON MISSION TYPE 

NO\: 197E MARS VENUS SWINGBY 
N C i  1979 MARS C O N  J U N C T I O N  
VAR 1930 v'ENUS SHORT 

CZS 1991 MARS OPPOSI TI 0 N 
CCT 1961 VENUS SHORT 
NOV 1981 MARS VENUS SWINGBY 

M A Y  19E3 VENUS SHORT 
NC\: 1923 MARS VENUS SWINGBY 

J A N  1954 MARS 0 PPOS I TI 0 N 
rvo ' 1984 JENUS SHORT 

APR 1985 MARS VENUS SWINGBY 
h'CR 1986 MARS 0 PPOS I TI  0 N 
AUC- 1986 'JENUS SHORT 

IVAY 1968 JENUS SHORT 
JUN 1938 MARS 0 PPOSl T I 0  N 
JUL 1998 MARS VENUS SWINGBY 
OCT l?e9 MARS VENUS SWINGBY 
DEC 1939 VENUS SHORT 

S E P T  1991 MARS dENUS SWINGBY 
N C J  199C MAQS VENUS SWINGBY 
3 i C  1096 MARS 0 PPO S I TI  0 N 
J A R  199e I'v~ARS VENUS SWI N G B Y  

~~~ __  ~ 

i 

T a b l e  3-1 

T a b l e  3-1 shows t h a t  t h e  recouunriicled space v e h i c l e  w i t h  a 3-1-1 s p a c e  
a c c e l e r a t i o n  t r a i n  can accomplish miss ions  t o  Mars and Venus d u r i n g  each 
oppor tuni ty  o v e r  a Mars s y n o d i c  c y c l e .  Missions t o  Venus can b e  r e p e a t e d  
i n  t h e  1 9 9 0 ' ~ ~  b u t  are n o t  t a b u l a t e d  i n  t h e  F i g u r e .  A l s o ,  Mars conjunc- 
t i o n  missions w i t h  s t a y  times of about  500 days can b e  r e p e a t e d  a t  each 
Mars oppor tuni ty  and Venus long s t a y  t i m e  m i s s i o n s  are a v a i l a b l e  a t  each 
Venus o p p o r t u n i t y .  

S i n c e  t h e  recommended system i s  n o t  t a i l o r e d  s p e c i f i c a l l y  t o  each m i s -  
s i o n ,  t h e  amount of d i s c r e t i o n a r y  performance c a p a b i l i t y  v a r i e s  on a l l  
miss ions .  F i g u r e  3-3 shows how t h i s  performance margin can b e  used t o  
add payload going i n t o  t h e  p l a n e t s  o r  l e a v i n g ,  o r  bo th .  I t  shows l i n e s  
of payload c a p a b i l i t y  which t r a d e  payload r e t u r n e d  t o  E a r t h  a g a i n s t  pay- 
l o a d  t o  o r b i t  a t  t h e  t a r g e t  p l a n e t .  A l s o  shown a r e  t h e  d e s i g n  payload  
p o i n t s .  The d i f f e r e n c e  between t h e  d e s i g n  p o i n t  f o r  each m i s s i o n  and 
t h e  c a p a b i l i t y  l i n e  when measured a l o n g  t h e  o r d i n a t e  g i v e s  a d d i t i o n a l  
payload t h a t  can b e  d e l i v e r e d  i n t o  t h e  p l a n e t  o r b i t ,  a d d i t i o n a l  probes  
f o r  example, i f  payload r e t u r n e d  t o  E a r t h  remains a t  t h e  d e s i g n  v a l u e .  
When the  d i f f e r e n c e  i s  measured a l o n g  t h e  a b s c i s s a ,  t h e  r e s u l t  i s  addi -  
t i o n a l  payload r e t u r n a b l e  t o  E a r t h  i f  t h e  payload i n t o  t h e  p l a n e t  o r b i t  
i s  he ld  a t  t h e  d e s i g n  v a l u e .  Table  3-2 shows some examples of addi -  
t i o n a l  c a p a b i l i t y  t h a t  might b e  c o n s i d e r e d  i n  u s i n g  t h e  a v a i l a b l e  
d i s c r e t i o n a r y  payload.  

MISSION CAPABILITY 
D U RAT1 ON 

( D A Y S )  

680 
90c 
460 

540 
460 
600 

540 
540 

460 
55 0 

59 0 
480 
470 

350 
460 
560 
640 
350 

600 
56 0 
480 
680 
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DISCRETIONARY PAYLOAD 

3-1-1 
RECOMMEND ED 
SPACECRAFT 
0 CONJUNCTION 
0 OPPOSIT ION 

0 160 320 kg 
Net Mars  Orbit Payload (lo3) 
Figure 3-3 

DISCRETIONARY PAYLOAD USES 

I 12 



D2-113544-1 

An a r t i f i c i a l  g r a v i t y  p rov i s ion  can be added t o  t h e  b a s i c  ze ro -g rav i ty  
system by assuming i t  would be r easonab le  t o  o p e r a t e  up t o  45 days i n  
a n o n r o t a t i n g  mode t o  accommodate exper iments  and mis s ion  impulse maneu- 
v e r s  and t o  o p e r a t e  i n  a r o t a t i n g  mode f o r  t h e  remainder  o f  t h e  miss ion .  

A recommended system wi th  t h e  fo l lowing  e lements  was conceived:  
an a l l - n u c l e a r  space  a c c e l e r a t i o n  system made up of f i v e  i d e n t i c a l  
p ropu l s ion  modules powered by a s i n g l e  195,000-pound-thrust Nerva 
engine  on each module; a s p a c e c r a f t  c o n s i s t i n g  of an  Apollo-shaped 
Mars excur s ion  module, a biconic-shaped Ea r th  e n t r y  module, and a 
miss ion  module designed t o  accommodate t h e  long  con junc t ion  m i s -  
s i o n s  wi th  t h e  f e a t u r e  of o f f l o a d i n g  t h e  unnecessary  s p a r e s  and 
expendables  f o r  t h e  s h o r t  d u r a t i o n  mis s ions ;  a b a s i c  experiment  
s e n s o r  complement and l a b o r a t o r i e s  common t o  a l l  miss ions  and a 
module f o r  accommodating t h e  mis s ion -pecu l i a r  experiment  equipment; 
a six-man Apollo l o g i s t i c s  v e h i c l e  launched by a Sa tu rn  I B  ( p o s s i b l e  
a l t e r n a t e s  a r e  t h e  T i t a n  IIIC and t h e  i n t e r m e d i a t e  two-stage 
Sa tu rn  V ) ;  an up ra t ed  Sa tu rn  V launch v e h i c l e  capab le  of p l a c i n g  
a l l  e lements  of t h e  space  v e h i c l e  i n t o  Ea r th  o r b i t  w i th  s i x  launches .  

A new launch pad and r e l a t i v e l y  minor m o d i f i c a t i o n s  t o  some of t h e  
e x i s t i n g  KSC launch f a c i l i t i e s  a r e  r e q u i r e d .  

The t o t a l  system c o s t  is  29 b i l l i o n  d o l l a r s  which inc ludes  t h e  
r e sea rch  and development and t h e  f i r s t  Mars and t h e  f i rs t  Venus 
miss ion  c o s t s .  

A sample schedu le  based on a go-ahead i n  1972 p l a c e s  t h e  f i r s t  m i s -  
s i o n  t o  Venus i n  1983 and t h e  second mis s ion  t o  Mars i n  1986. 

The mis s ion  module and i t s  subsystems can  b e  used d i r e c t l y  as an  
Ea r th -o rb i t i ng  space  s t a t i o n .  

The n u c l e a r  p ropu l s ion  module has  a l t e r n a t e  a p p l i c a t i o n s  as an  
upper  s t a g e  f o r  t h e  Sa tu rn  V and a space  a c c e l e r a t i o n  s t a g e  f o r  
unmanned probes .  

CONCLUSIONS 

Severa l  g e n e r a l  and s p e c i f i c  conc lus ions  have been drawn from t h i s  s tudy .  
Where cons idered  a p p r o p r i a t e ,  recommendations i n  connec t ion  w i t h  t h e s e  
conclus ions  a r e  made. 

It i s  f e a s i b l e  and p r a c t i c a l  t o  accomplish a wide v a r i e t y  of mis s ions  
t o  Mars and Venus u t i l i z i n g  a common set of hardware. 
Recommendation: 
manned space  v e h i c l e  system f o r  f u t u r e  i n t e r p l a n e t a r y  mis s ion  pro- 
gram planning .  

There is  a s e r i o u s  inpu t -da ta  d e f i c i e n c y  € o r  space  e x p l o r a t i o n  plan-  
n ing .  
and eng inee r ing  measurements necessa ry .  
Recommendation: 
t o  develop an  o v e r a l l  space  e x p l o r a t i o n  p l an .  
t h e  so -ca l l ed  "top-down'' approach where in  t h e  broad  o b j e c t i v e s  and 
g o a l s  are d e f i n e d  s t epwise  through t h e o r i e s  and measurements. 
t h e s e  t h e  p rope r  mix of unmanned and manned mis s ions  can  be  de f ined .  
Major o u t p u t s  would i d e n t i f y  o v e r a l l  manned program t iming ,  p l ann ing  
f o r  unmanned programs, and p lanning  f o r  f u t u r e  s p a c e c r a f t  and f a c i l i t y  
requirements .  

NASA should  adopt  t h e  concept  of  an i n t e g r a t e d  

0 

A more d e t a i l e d  d e f i n i t i o n  should  b e  made of t h e  s c i e n t i f i c  

NASA should  i n i t i a t e ,  as soon as p r a c t i c a l ,  a s t u d y  
I t  should  start  w i t h  

From 

O f  t he  space a c c e l e r a t i o n  system cand ida te s  examined, the n u c l e a r  
h igh - th rus t  p ropu l s ive  system appears  b e s t  because  of r e l a t i v e  c o s t  
and f l e x i b i l i t y .  

1 3  
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Reconmendation: NASA should i n i t i a t e  a program t o  examine i n  d e t a i l  
t h e  t e c h n o l o g i c a l  problems of t h e  common module w i t h  f u e l  t r a n s f e r .  

e The payload C a p a b i l i t y  range f o r  an Earth launch v e h i c l e  t o  s u p p o r t  
t h e  manned Xars and Venus e x p l o r a t i o n  program i s  approximately 
550 t o  800 thousand pounds (250 t o  370 kg).  This  c a p a b i l i t y  i s  
a c h i e v a b l e  through u p r a t i n g  of t h e  p re sen t  Sa tu rn  V launch v e h i c l e ;  
a new ELV development is n o t  r e q u i r e d .  The u p r a t e d  S a t u r n  V-25(S)U, 
an  u p r a t e d  S a t u r n  V c o r e  w i t h  f o u r  156-inch s o l i d  r o c k e t  motors  
s t r a p p e d  on t h e  f i r s t  s t a g e ,  w a s  s e l e c t e d  from t h e  remaining c , and i -  
da t e s  a s  t h e  recommended system because i t  h a s  t h e  l e a s t  iii.pact on 
p r o d u c t i o n ,  l o g i s t i c ,  tes t ,  and KSC launch t a c i l i t i e s .  

system and perform a r easonab le  s c i e n t i f i c  e x p l o r a t i o n  program. 
D e t a i l e d  crew t ime and s k i l l  a n a l y s e s  of each mis s ion  phase showed 
t h a t  t h e  Mars p l a n e t  e x p l o r a t i o n  phase was c r i t i c a l  w i t h  an accml:- 
l a t e d  average crew requirement  of 6.45 men. A h i g h  a c t i x l r y  
schedu le  and /o r  l i m i t i n g  t h e  experiment program cou ld  reduce t h i s  
ave rage  t o  s i x  men which was adequate  f o r  o t h e r  mis s ion  phases .  

I n  g e n e r a l ,  subsystems cou ld  n o t  be s e l e c t e d  from t h e  d e s i r a b l e  
c a n d i d a t e s  when o n l y  weight-cost  e f f e c t i v e n e s s  t r a d e s  were con- 
s i d e r e d .  Consequent ly ,  long-term o p e r a t i o n ,  t o l e r a n c e  t o  perform- 
ance requirement  changes,  and f l e x i b i l i t y  t o  adap t  t o  o t h e r  a p p l i -  
c a t i o n s  were found t o  be t h e  most d e s i r a b l e  c h a r a c t e r i s t i c s ,  and 
i t  i s  recommended t h a t  t h e  new technology developments and r e s e a r c h  
shou ld  be d i r e c t e d  t o  emphasize t h e s e  c h a r a c t e r i s t i c s .  Long-term 
operation may be achieved by h i g h  r e l i a b i l i t y ,  maintenance,  r e p a i r ,  
o r  replacement .  The p rope r  ba l ance  of t h e s e  must be determined 
w i t h  t h e  subsys t em ' s  a p p l i c a t i o n  i n  mind .  

A minimum crew of s i x  men is  necessa ry  t o  o p e r a t e  t h e  reco:nmendtad 

TsZeisalzce to per f~~n ic i i ce  change urid u d a p t u b i l i t y  t u  u t h p  uppl ica-  
t i o n s  s u g g e s t  t h a t  t h e  subsystems should b e  analyzed t o  de t e rmine  
t h e i r  b a s i c  e lement  which might be u n i v e r s a l  t o  many a p p l i c a t i o n s ,  
t h e n  i n c r e a s i n g  i t s  c a p a b i l i t y  by modular a d d i t i o n s .  Many of t h e  
we igh t  s av ings -cos t  s t u d i e s  have advocated m u l t i p l e  usage. 
sys t em shou ld  b e  decoupled from t h e  other  systems i n  o r d e r  t o  be 
t h e  most a d a p t a b l e  t o  change o r  unknowns. 

The sub- 

Hardware s h a r i n g  w i t h  p r e c u r s o r  programs h e l p s  t o  p rov ide  some of 
t h e  n e c e s s a r y  q u a l i f i c a t i o n  and t e s t  t i m e .  The mis s ion  module, 
i n c l u d i n g  many of i t s  subsystems development, could b e  phased t o  
e v o l v e  from t h e  Apollo a p p l i c a t i o n s  p r o g r a m  and a manned o r b i t a l  space  
s t a t i o n  program. The common p ropu l s ion  module development could b e  
phased t o  evo lve  from E a r t h  o r b i t a l  o r  l u n a r  programs r e q u i r i n g  a 
S a t u r n  V n u c l e a r  upper s t a g e  and/or  t o  evo lve  from an unmanned plane-  
t a r y  s p a c e  probe program i n  which t h e  nuclear  s t a g e  i s  used as a 
space  a c c e l e r a t i o n  system. 

e A h i g h  degree  of "go-ahead" d a t e  f l e x i b i l i t y  i s  a f f o r d e d  by t h e  
recommended system because the  concept (1) a l lows  accomplishment of 
m i s s i o n s  i n  a lmost  a l l  o p p o r t u n i t i e s  for bo th  Mars and Venus and 
( 2 )  f i t s  w i t h  a l o g i c a l  e v o l u t i o n a r y  development p l a n  of system 
e l emen t s .  Development of t h e  propuls ion and mission modules could 
beg in  today f o r  u s e  i n  o t h e r  a p p l i c a t i o n s .  
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M A R S  MARS 
O P P O S I T I O N  CONJUNCTION 

1984 1986 
hlh\ ( INCLUDES EXPERlhlENTS) 82,900 I bm 116,580 I bm 
hl EM 95,290 95,290 
EEhl 17,400 17,400 
PROBES 24,480 24,480 
I NTERSTAGES 21,000 21,000 

WE I GHTS 

TOTAL 241,070 I bm 274,750 I bm 

SPACECRAFT 

VENUS 
SHORT 

1981 
82,900 I bm 

17,400 
37,610 
21,000 

155,910 I bm 

-- 

Figure  4-2 shows t h e  g e n e r a l  a r r angemen t  of t h e  s p a c e c r a f t  c o n s i s t i n g  
of t h e  m i s s i o n  module,  a Mars e x c u r s i o n  module,  a n  E a r t h  e n t r y  module,  
and a p robe  bay. These major  e l e m e n t s  a re  i n t e r c o n n e c t e d  by p r e s s u r -  
i z e d  t u n n e l s  a l l o w i n g  s h i r t s l e e v e  p a s s a g e  between them. 

The fo rward  i n t e r s t a g e  compartment i s  a n  u n p r e s s u r i z e d  area t h a t  con- 
t a i n s  t h e  E a r t h  e n t r y  module,  t h e  inbound midcour se  c o r r e c t i o n  p ropu l -  
s i o n  system, some of t h e  expe r imen t  s e n s o r s ,  and m i s s i o n  module 
equipment. A s i d e  h a t c h  i s  i n s t a l l e d  i n  t h e  m i s s i o n  module t o  t h e  
Earth e n t r y  module t r a n s f e r  t u n n e l  t o  p r o v i d e  access t o  equipment i n  
t h i s  area. 

The a f t  i n t e r s t a g e  compartment i s  a n  u n p r e s s u r i z e d  a r e a  c o n t a i n i n g  
t h e  Mars e x c u r s i o n  module,  t h e  a i r l o c k  sys t em,  and some of t h e  m i s s i o n  
module and expe r imen t  equipment.  The a c c e s s  t u n n e l  t o  t h e  Mars excur-  
s i o n  module h a s  a s i d e  h a t c h  f o r  a c c e s s  t o  equipment i n s t a l l e d  i n  t h i s  

II PROBES 
/ // r- MEM r LOGISTIC VEHICLE 

- M I S S I O N  MODULE I EEM 

108 FT I (32.9 MI 

PROBE COMPARTMENT - AFT INTERSTAGE FWD INTERSTAGE 
PARTMENT 
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area. There are  two connec t ing  t u n n e l s  extending from t h e  c e n t r a l  
t r a n s f e r  t u n n e l  f o r  p r e s s u r i z e d  t r a n s f e r  from l o g i s t i c  v e h i c l e s  d u r i n g  
E a r t h  o r b i t  o p e r a t i o n s .  

The mission module is  t h e  c o n t r o l  c e n t e r  f o r  t h e  e n t i r e  s p a c e  v e h i c l e  
and p r o v i d e s  a h a b i t a b l e  l i v i n g ,  o p e r a t i o n s  , and experiment  c e n t e r  f o r  
t h e  m i s s i o n  crew. The b a s i c  m i s s i o n  module p r o v i d e s  t h e  envi ronmenta l  
c o n t r o l  and power system r a d i a t o r s  and t h e  communications system f o r  
t h e  most s t r i n g e n t  miss ion .  P r o v i s i o n s  are  made f o r  i n c r e m e n t a l  
l o a d i n g  of meteoroid s h i e l d i n g ,  expendables and system s p a r e s  as 
n e c e s s a r y .  The m i s s i o n  module c o n t a i n s  a l l  t h e  subsystems n e c e s s a r y  
f o r  l i f e  s u p p o r t ,  command and c o n t r o l  f u n c t i o n s ,  exper iments  a n a l y s i s ,  
and i n f o r m a t i o n  t r a n s f e r  d u r i n g  t h e  course of t h s  m i s s i m i .  It i s  
p r e s s u r i z e d  t o  a 7-psia (48.23 (103) Newton/m2) oxygen-ni t rogen atmos- 
phere ,  p r o v i d i n g  a v i a b l e ,  s h i r t s l e e v e  environment f o r  t h e  crew. 

A s  shown i n  F i g u r e  4-3, t h e  crew compartment is  a 22-foot-diameter (6.7 m) 
c y l i n d r i c a l  p r e s s u r e  vesse l  w i t h  hemispher ica l  heads  and i s  d i v i d e d  i n t o  
f o u r  decks .  The upper deck c o n t a i n s  the  c r e w ' s  p e r s o n a l  q u a r t e r s ,  d i s -  
p e n s a r y ,  p e r s o n a l  hygiene ,  and waste management systems.  A p r e s s u r e  
h a t c h  and t r a n s f e r  t u n n e l  l o c a t e d  i n  the c e i l i n g  p r o v i d e s  a c c e s s  t o  t h e  
E a r t h  e n t r y  module. 

A second deck i n c l u d e s  t h e  command and c o n t r o l  c e n t e r  and d i n i n g  and 
r e c r e a t i o n a l  areas. The command and c o n t r o l  c e n t e r  i n c l u d e s  t h e  d i s p l a y s  
and c o n t r o l s  f o r  a l l  subsystems,  environment p a r a m e t e r s ,  and  v e h i c l e  
o p e r a t i o n s .  The c o n t r o l  c e n t e r  i s  manned a t  a l l  t i m e s  e x c e p t  d u r i n g  
h i g h  r a d i a t i o n  p e r i o d s .  The d i n i n g  area  i n c l u d e s  t h e  food s t o r a g e  and 
p r e p a r a t i o n ,  The wash water lcondensa te  water r e c o v e r y  u n i t  of t h e  w a s t e  
management system is  a l s o  l o c a t e d  i n  t h i s  area,  The r e c r e a t i o n  area i s  
used f o r  e x e r c i s e ,  c o n f e r e n c e s ,  l e i s u r e  a c t i v i t i e s ,  and t h e  l i b r a r y  
and c o n t a i n s  a s t o r a g e  area f o r  subsystem s p a r e s .  Food r e q u i r e d  f o r  
m i s s i o n s  i n  e x c e s s  of 500 days  i s  a l s o  s t o r e d  i n  t h i s  deck. 
eous  e l e c t r o n i c  equipment i s  l o c a t e d  i n  a bay between t h e  d i n i n g  and 
r e c r e a t i o n  areas. A p r e s s u r e  h a t c h  loca ted  i n  t h e  f l o o r  l e a d s  t o  t h e  
rad ia t ion /emergency  p r e s s u r e  s h e l t e r  i n  t h e  t h i r d  deck. The r a d i a t i o n  
s h e l t e r  i s  a 10-foot-diameter (3.048 m) compartment t h a t  p r o v i d e s  
q u a r t e r s  f o r  t h e  crew d u r i n g  p e r i o d s  of h i g h  r a d i a t i o n ,  and  a l s o  s e r v e s  
as an  emergency p r e s s u r e  compartment i f  l o s s  of p r e s s u r e  i s  exper ienced  
i n  t h e  o v e r a l l  m i s s i o n  module. T h i s  compartment w i l l  b e  occupied d u r i n g  
n u c l e a r  p r o p u l s i o n  system o p e r a t i o n ,  while  pass ing  through t h e  Van 
A l l e n  b e l t s ,  and d u r i n g  major  s o l a r  f l a r e s .  It a l s o  p r o v i d e s  a 4-day 
emergency supply  of  food,  w a t e r ,  and p e r s o n a l  hygiene i t e m s .  The 
s h e l t e r  h a s  a s e p a r a t e  independent  atmosphere supply  and atmosphere 
c o n t r o l  l o o p s .  The b u l k  of  t h e  r a d i a t i o n  s h i e l d i n g  is  provided  by 
a 20-inch t h i c k  (0.057 m) combination food and w a s t e  s t o r a g e .  
The o u t e r  p e r i p h e r a l  area c o n t a i n s  a food s t o r a g e  compartment and t h e  
m a j o r i t y  of t h e  envi ronmenta l  c o n t r o l  equipment. 

Misce l lan-  

The lower deck c o n t a i n s  t h e  experiment l a b o r a t o r i e s .  It i s  d i v i d e d  i n t o  
f i v e  s p e c i a l i z e d  areas: o p t i c s ,  geophysics ,  e l e c t r o n i c s ,  b i o s c i e n c e ,  
and science i n f o r m a t i o n  c e n t e r .  The l a b o r a t o r y  a r e a  i s  connec ted  t o  
t h e  r a d i a t i o n  s h e l t e r  by a p r e s s u r e  hatch i n  t h e  c e i l i n g .  A p r e s s u r e  
h a t c h  i n  t h e  f l o o r  l e a d s  t o  t h e  a i r l o c k  and a p r e s s u r i z e d  a c c e s s  t u n n e l .  
The t u n n e l  l e a d s  t o  t h e  Mars excurs ion  module, l o g i s t i c s  s p a c e c r a f t  , 
o r  o u t s i d e  f o r  e x t r a v e h i c u l a r  a c t i v i t y  o p e r a t i o n s .  
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COMMAND lCONTR OL FOOD STORAGE 
CENTER & PREPARATION 

WATER 
MANAGEMENT 

ENVIRONMENTAL FOOD STORAGE WATER STORAGE 

FOOD STORAGE 
R A D I A T I O N  SHELTER 
EMERGENCY PRESSURE COMPARTMENT 
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The experiment accommodation i s  centered  around f i v e  l a b o r a t o r i e s  t h a t  
s e r v e  as c o n t r o l  c e n t e r s  f o r  conduct ing a l l  on-board s t u d i e s  and a n a l y s i s  
and probe  exper iments  and o p e r a t i o n .  A s  shown i n  F i g u r e  4-4, s e p a r a t e  
l a b o r a t o r i e s  are  devoted t o  b i o s c i e n c e ,  o p t i c s ,  g e o p h y s i c s ,  e l e c t r o n i c s ,  
and a s c i e n c e  i n f o r m a t i o n  c e n t e r .  These l a b o r a t o r i e s  occupy an  e n t i r e  
deck of t h e  m i s s i o n  module and are made up o f  7000 pounds (3180 kg) of  
experiment  equipment r e q u i r i n g  approximately 2300 w a t t s  of power. The 
major  experiment  i n s t r u m e n t s  l o c a t e d  e x t e r n a l  t o  t h e  l a b o r a t o r i e s  a r e  
shown i n  F i g u r e  4-5. 
m lhe scientlflc and e n g i n e e r i n g  probe  complement f o r  b o t h  Mars and Venus 

m i s s i o n s  are  l i s t e d  i n  Table  4-1. 

Table  4-1: PROBL COMPLEMENT 

Mars Venus - Probes 

O c c u l t a t i o n  D e t e c t o r  X 

Upper Atmosphere Sounder X 

Magnetometer X 

Mars Moons X 

Mapping Radar X 

Atmosphere D r i f t e r  Bioprobe 

Cloud Data 

RF Window 

S o f t  Lander X 

Atmospheric (Hard Lander ) X 
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RF WINDOW PROBE MAGWOh(t11R PROBL O R B I L R  f MWS SWINGBY 12 PLACES) /-I2 PLACtSl  
AIMOSPHERIC DRIFTER BIOPROBE - 
UNUS SWIffiBY I2 PLACES1 \ 

UNMANNED 
PROBE 

INSTALLATION 
Figure  4-5 

S O H  LANDER PROBE 
12 PLACES) 

I SEPARATION PLANE 

AIMOSPHERIC PUOBE HARD LANDER 
I5 PLACES1 

Probes f o r  Mars m i s s i o n s  weigh 22,255 pounds (9980 kg) and t h o s e  f o r  
Venus 34,190 pounds ( 1 5 , 4 0 0  kg) .  

I n s t a l l a t i o n  of t h e  probes  f o r  a Mars m i s s i o n  i s  shown i n  F i g u r e  4 - 5 .  
Probes t o  b e  launched from Mars o r b i t  p r i o r  t o  t h e  launching  of t h e  MEM 
are l o c a t e d  i n  t h e  a f t  s e c t i o n  of t h e  v e h i c l e .  
occupied by t h e  MEM f o r  Mars m i s s i o n s ,  accommodates t h e  e x t r a  probe  re- 
quirement f o r  t h e  Venus m i s s i o n s .  
modat ion. 

The v a c a t e d  volume, 

F i g u r e  4-6 shows t h e  experiment  accom- 

CHARGED PARTICLE 
DETECTOR/BISTATIC RADAR 7 

Figure  4-6 

l W F 7  ANTENNA 
W P A N G  RADAR 
111 INTERFEROM€TB 

W SPECTROMETER/ 
W SCANNER 

I F  RADIOMETER -1°C IF 

IR INTERFEROMETER/ 
I R  SCANNER 

IR SPECTROMETER 

I 

VIEW bll 
VIEW*-b \ 

The Mars excursion moduZe t r a n s p o r t s  t h r e e  of t h e  crew members and equip-  
ment from t h e  s p a c e  v e h i c l e  i n  Mars o r b i t  t o  t h e  Mars s u r f a c e .  It pro- 
v i d e s  l i v i n g  q u a r t e r s  and a l a b o r a t o r y  d u r i n g  t h e  30-day s t a y  on t h e  Mars 
s u r f a c e  and t r a n s p o r t s  t h e  crew and s c i e n t i f i c  d a t a  and samples  back t o  

I 
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t h e  o r b i t i n g  s p a c e  v e h i c l e .  An Apollo-shaped module,  30 f e e t  (9.15 m)  i n  
d i a m e t e r ,  w a s  s e l e c t e d .  T h i s  d e s i g n  was adapted  from work performed by 
North American-Rockwell Corp.* 

Its inboard  p r o f i l e  i s  i l l u s t r a t e d  i n  F igure  4-7. The Mars e x c u r s i o n  
module c o n s i s t s  of a d e s c e n t  and an ascent  module. The a s c e n t  module 
houses  t h e  three-man c r e w  d u r i n g  e n t r y ,  d e s c e n t ,  l a n d i n g ,  and a s c e n t ,  
The a s c e n t  module c o n s i s t s  of t h e  c o n t r o l  c e n t e r ,  a s c e n t  e n g i n e ,  and 
p r o p e l l a n t  t a n k s .  The f i r s t - s t a g e  a s c e n t  p r o p e l l a n t  is  s t o r e d  i n  e i g h t  
c o n i c a l  t a n k s  ( f i v e  f o r  o x i d i z e r  and th ree  f o r  f u e l )  o u t s i d e  t h e  t h r u s t  
s t r u c t u r e .  The second-stage a s c e n t  p r o p e l l a n t  i s  s t o r e d  i n  two t a n k s  
between t h e  e n g i n e s  and t h e  a s c e n t  capsule  c o n t r o l  c e n t e r .  

The d e s c e n t  s t a g e  c o n t a i n s  t h e  crew l i v i n g  q u a r t e r s  and l a b o r a t o r y  f o r  
u s e  w h i l e  on Mars, t h e  d e s c e n t  engine  and p r o p e l l a n t  t a n k s ,  b a l l u t e s ,  
l anding  g e a r ,  s u p p o r t i n g  s t r u c t u r e ,  an  o u t e r  h e a t  s h i e l d / s t r u c t u r e ,  and 
t h e  v a r i o u s  subsystems.  The c r e w  q u a r t e r s  and l a b o r a t o r y  a re  formed o u t  
of a segment of t h e  t o r o i d a l  lower p a r t  of t h e  v e h i c l e  and are connected 
t o  t h e  c o n t r o l  c e n t e r  of t h e  a s c e n t  module by a i r l o c k s  and t u n n e l s .  
Seven d e o r b i t  motors  a re  a r r a n g e d  i n  a c i r c l e  o u t s i d e  t h e  h e a t  s h i e l d .  
The d e s c e n t  p r o p e l l a n t s  are  housed i n  t h r e e  s p h e r i c a l  t a n k s .  The d e s c e n t  
and a s c e n t  e n g i n e s  are b o t h  pump-fed, gimbaled,  p lug  n o z z l e  engines  and 
o p e r a t e  a t  a chamber p r e s s u r e  of 1000 psi.FLOX-methane p r o p e l l a n t s  are used. 

S u r f a c e  o p e r a t i o n s  i n c l u d e  experiments  and i n v e s t i g a t i o n s  d i r e c t e d  toward 
i n c r e a s i n g  knowledge of Mars p lane to logy ,  e f f e c t s  of modifying f o r c e s  on 
Mars, i t s  composi t ion ,  environment,  and p o s s i b l e  l i f e  forms. The r e t u r n  
payload ,  c o n s i s t i n g  mainly of s a m p l e s  and d a t a ,  weighs approximate ly  900 
poiinds (408 kg) .  
t h i s  s t u d y  d i d  n o t  v a r y  from m i s s i o n  t o  m i s s i o n  a n d ,  t h e r e f o r e ,  t h e  one 
d e s i g n  i s  a d e q u a t e  f o r  a l l  m i s s i o n s .  

The requi rements  placed e:: t h e  Mars e x c u r s i o n  module by 

MARS EXCURSION 
THREE-MEN-30 DAYS 

EST I MATED WE I GHT 
ASCENT CAPSULE 
ASCENT STAGE I I PROPULS I O N  
ASCENT STAGE I PROPULSION 
DESCENT STAGE 
DEORB I T  MOTOR 

TOTAL 

GROWTH AND CONT I NGENCY (30%) 

F i g u r e  4-7 

MODULE 

30K ASCENT ENGINE 

llOK DESCENT ENGINE 

*NAA Document SD-67-755, Def in i t ion  of Experimental Tes t s  for Manned Mars 
Excursion ModuZe, NASA C o n t r a c t  NAS9-6464, North American-Rockwell Corp. ,  
January  1968. 
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A blunted ,  b i c o n i c  Earth en t ry  moduZc, t y p i c a l  of a h i g h  speed e n t r y  
v e h i c l c ,  wiis  s e l e c t e d  as t l l s  recoi i i iw~lcled E a r t h  e n t r y  module. The b i c o n i c  
E a r t h  e n t r y  module d e s i g n  was adopted ,  w i t h  some m o d i f i c a t i o n ,  from t h e  
work r e p o r t e d  under NASA C o n t r a c t  NAS2-2526." The E a r t h  e n t r y  module i s  
designed f o r  a crew of s i x  and a 1-day occupancy t i m e .  The E a r t h  e n t r y  
module is  des igned  f o r  t h e  maximum e n t r y  v e l o c i t y  of up t o  65,000 f p s  
(19,800 m/sec); t h u s  i t  is  common f o r  a l l  m i s s i o n s .  

The Earth e n t r y  module performs t h e  v i t a l  f u n c t i o n  of t r a n s p o r t i n g  t h e  
m i s s i o n  crew and t h e  s c i e n c e  d a t a  and samples from t h e  m i s s i o n  module on 
t h e  r e t u r n  h y p e r b o l i c  t r a j e c t o r y  t o  a s a f e  l a n d i n g  on t h e  E a r t h ' s  sur -  
f a c e .  I t  i s  des igned  f o r  w a t e r  l a n d i n g ,  c o n s i s t e n t  w i t h  midcourse a d j u s t -  
ment with E a r t h  a r r i v a l  t i m e .  

The b i c o n i c  E a r t h  e n t r y  module conf iguraLion  i s  i l l u s t r a t e d  i n  F i g u r e  4-8. 
The crew i s  ar ranged  i n  two s ide-by-side rows of t h r e e  men. The crew 
volume al lowance i s  40 cu f t / m a n  (1.13 cu m/man). The e l l i p t i c a l  c r o s s -  
s e c t i o n  of t h e  a f t e r b o d y ,  i n  which a lmost  a l l  t h e  i n t e r n a l  subsystems are 
packaged, d i c t a t e s  t h e  arrangement  of most of t h e  l a r g e  components, These 
a r e  placed above t h e  heads and below t h e  f e e t  of t h e  crewmen t o  a l l o w  t h e  
seats t o  f i l l  t h e  c e n t e r  p o r t i o n  of t h e  v e h i c l e .  

HONE 

UAlUILtK l H l V A 3  

HYDRAZINE FOR FUEL CELLS TANKS FOR M A S S  BALANCE FLU I D  

D I S P L A Y  PANELS 
EMERGENCY OXYGEN 

PER ISCOPE & 

OPT I CS 

FORWARD HEAT SHLELD \ 
CRUSH 

ESTIMATED WE I GHTS (16) (KG) 
CREW AND SEATS 1,360 618 
CONTROLS 270 122 
GUIDANCE AND NAVIGATION 300 136 
COMMU N I CAT IONS 190 84 
SCIENCE 910 413 
LIFE SUPPORT 730 332 
ELECTR I CAL POWER 660 299 
ATTITUDE CONTROL 1,140 508 
RE COVER Y 880 395 
HEAT SHIELD 4,530 1,970 
STRUCTURE 4,160 1,890 
G'70WTH & CONTINGENCY (15%) 2,270 1, 130 

TOTAL 17,400 7,897 
-- 

R I N G  
FUE 

EM ER GE NCY 
CREW HATCH 

DESCENT 
CELLS (21 PARACHUTES (3) 

Y 
FLoTAT CANISTFK I ON. (3) R A G  P A Y  LOAD I TEMS 

BlCONlC EEM 
CONFIGURATION 

F i g u r e  4-8 

"LMSC Document 4-05-65-12, S t u d 3  of Manned VehicZes for Entering t h e  Earth's 
Atmosphere a t  Hgpcrbolic Speeds,  NASA C o n t r a c t  NAS2-2526, L o c k h e e d M i s s i l e s  
and Space Co., November, 1965. 
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SPACE ACCELERATION 

The a c c e l e r a t i o n  system is  made up of i d e n t i c a l  n u c l e a r  p r o p u l s i o n  module 
w i t h  t h r e e  modules f o r  i n j e c t i n g  i n t o  t h e  i n t e r p l a n e t a r y  t r a j e c t o r y  (PM-1) , 
a s i n g l e  module f o r  b r a k i n g  i n t o  t h e  p l a n e t  o r b i t  (PM-2), and a s i n g l e  
module f o r  i n j e c t i n g  i n t o  t h e  t r a n s - E a r t h  t r a j e c t o r y  (PM-3). 

S m a l l e r  FLOX-methane secondary p r o p u l s i o n  s y s t e m s  a r e  provided f o r  mid- 
c o u r s e  c o r r e c t i o n  and o r b i t  t r i m .  

The p r i m a r g  propulsion module i s  shown i n  F igure  4-9. 
common f o r  a l l  a p p l i c a t i o n s  except  f o r  a d d i t i o n a l  i n s u l a t i o n  added t o  t h e  
p l a n e t - d e p a r t u r e  module f o r  t h e  long-stay-time Mars and Venus m i s s i o n s .  
The t a n k  i s  33  f e e t  (10.6 m) i n  d iameter  by 115 f e e t  (35 m)long and con- 
t a i n s  385,000 pounds (175,000 kg) of l i q u i d  hydrogen (91,600 cu f t - -  
2,590 cu m). 
c a r r y i n g  s t r u c t u r e  by f i b e r g l a s s  s t r a p s .  A 195,000-pound-thrust (88,500 
kg) Nerva n u c l e a r  e n g i n e  i s  a t t a c h e d  t o  t h e  t a n k  head. The engine  i s  
40 f e e t  (12.2 m) long w i t h  a n o z z l e  e x i t  diameter  of 13 .5  f e e t  (4.12 m). 
The weight  of t h e  engine  and t h r u s t  s t r u c t u r e ,  less t h e  r a d i a t i o n  s h i e l d ,  
is 25,540 pounds (11,580 kg) .  

T h i s  module i s  

The t a n k  i s  a p r e s s u r e  v e s s e l  suppor ted  w i t h i n  a load-  

The o u t e r  s h e l l  around t h e  p r o p e l l a n t  t a n k  serves as t h e  Earth- launch 
load-car ry ing  s t r u c t u r e  and as meteoroid p r o t e c t i o n  b a r r i e r  d u r i n g  t h e  
m i s s i o n s .  It i s  s p l i t  i n t o  f o u r  segments and secured  by hoop s t r a p s .  
These s t r a p s  are s e v e r e d  j u s t  p r i o r  t o  engine i g n i t i o n ,  a l l o w i n g  t h e  
s h e l l  segments t o  d r o p  o f f .  

PRIMARY PROPULSION FEMALE FUEL TRANSFER LINE 

MODULE -7 L N E R V A  NUCLEAR ENGINE 195,000 LB THRUST MODULE 

INNER INTERSTAGE FLIGHT WEIGHT MALE DOCKING MODULE ///f OUTER I NTERSTAGE - runvvnnu i i v i m 3 1 n u c -  / /// /-LAUNCH WEIGHT 

FLOWMETER SUPPORT PROPELLANT R lNG\// TANt 
METEOROID SHIELD FUEL TRANSFER 

PROPELLANT TANK 7 \ LINE- 

\ P R E S S U R I Z A T I O N  LlNL I PROPELLANT TRANSFER I . -  

! b-, 43 FEET -4- 115 FEET -I 
Figure  4-9 

I 
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Because of t h e  long  i n t e r s t a g e  r e q u i r e d  f o r  t h e  Nerva e n g i n e s ,  a 
double  i n t e r s t a g e  i s  p rov ided ,  
c a r r y i n g  s t r u c t u r e  f o r  t h e  Ea r th  launch .  
module i s  docked t o  i t s  mating module. 
f o r  t he  m i s s i o n  f l i g h t  l o a d s .  

The o u t e r  i n t e r s t a g e  s e r v e s  as a load-  
It is j e t t i s o n e d  a f t e r  t h e  

An i n n e r  i n t e r s t a g e  i s  provided  

The module h a s  an  8-inch-diameter (20 cm) p r o p e l l a n t  l i n e  used t o  t r a n s f e r  
p r o p e l l a n t  between modules d u r i n g  m i s s i o n  o p e r a t i o n s .  

EARTH LAUNCH VEHICLE 

The recommended E a r t h  launch  v e h i c l e ,  shown i n  F i g u r e  4-10, i s  an  u p r a t e d  
Sa tu rn  V. It c o n s i s t s  of t h e  S a t u r n  V f i r s t  s t a g e  l eng thened  40 f e e t  
(12.2 m ) ,  f i v e  u p r a t e d  (1.8 x 106 l b  th rus t / eng ine - -8  x 106 Newton) F-1 
engines ,  a s t anda rd - l eng th  second s t a g e  w i t h  f i v e  u p r a t e d  J2S e n g i n e s ,  and 
f o u r  4-segment, 156-inch-diameter (3.96 m) s o l i d  r o c k e t  motors  a t t a c h e d  t o  
t h e  first s t a g e .  
(249,300 kg) i n t o  a 2 6 2 - n a u t i c a l - m i l e  (485 km) c i r c u l a r  o r b i t .  A L02/LH2 
t r a n s t a g e  i s  used  t o  p rov ide  t h e  f i n a l  475 f p s  (145 m/sec)  f o r  c i r c u l a r i -  
z a t i o n .  

T h i s  v e h i c l e  can p l a c e  a payload of 548,400 pounds 

EARTH 
LAUNCH 

u 

I I 

VEHICLE 

-25(S)U CORE 
CORE + 2 SI0 
CORE + 4 SI0 

[ I 
I I 
I I 
1 I 

VEHICLE 

(lOM) 33FT- ' '- 
PI- , ,  r'; 

Y GROSS P I L  TO 262 N. MI.  I I-: I 
CIRCULAR ORBIT 

~ 

302,700 (137,300 KG) 
410,800 (186,300 KG) 
548,400 (248,750 KG) 

MS-I I - 

4-S EGMENT 
156 IN. DIA, 
S RM 

F i g u r e  4-10 
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FACILITIES SUMMARY 

Assembly, checkout ,  and l aunch  of t h e  Sa tu rn  V-25(S)U E a r t h  launch  v e h i c l e  
and t h e  v a r i o u s  payloads  r e q u i r e d  f o r  q u a l i f i c a t i o n  t e s t i n g  and p l a n e t a r y  
m i s s i o n s  w i l l  be  accomplished through t h e  u s e  of e x i s t i n g ,  mod i f i ed ,  and 
new f a c i l i t i e s  a t  Launch Complex 39 and t h e  i n d u s t r i a l  area a t  t h e  Kennedy 
Space Cen te r .  Expansion and m o d i f i c a t i o n s  of t h e  e x i s t i n g  f a c i l i t i e s  are  
shown i n  F i g u r e  4-11. These are  p r i m a r i l y  t o  accommodate t h e  i n c r e a s e d  
l e n g t h  of t h e  f i r s t  s t a g e  of t h e  E a r t h  launch v e h i c l e  c o r e ,  t h e  a d d i t i o n  
of t h e  s t r a p o n  s o l i d  r o c k e t  mo to r s ,  and t h e  i n c r e a s e d  launch  r a t e  r e q u i r e d  
t o  suppor t  t h e  mis s ion .  

LAUNCH 
COMPLEX 39 

M 0 D 1 FEAT I ON S PAD 6 

PAD C 
SRM INERT NEW 

n 
/-- COMPONFNT 

PAD A 
Mnn I FV - -  - .- .. 

BU i LD 1 NG 
NEW 

CRAWLER -TRANS PORTERS 

MODIFY 1 NEW 2 

PROCESS ING STRUCTURE 
NEW 2 

LAUNCH CONTROL CENTER 
FIR I NG ROOMS NEW 2 

AS S EM B LY 
BUILDING 
MOD I FY 4 H I  -BAYS 

Figure  4-11 
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SYSTEM OPERATIONS 

SPACECRAFT SAT V-25 (S)U (CORE) 

APOLLO-ATC SAT IB  

P M  -3 SAT V-25 (S)U 

P M  -2 SAT V-25 (SI: 

A P 0 LLO - AT C 

PM-1, CENTER SAT V-25 (S)U 

PM-1, S IDE SAT V-25 (S)U 

PM-1, S I D E  SAT V-25 (S)U 

SAT IB 

A P OLLO - ATC SAT I B  

APOLLO- M I C  SAT I B  

Opera t ions  of t h e  recommended system on a t y p i c a l  m i s s i o n  s t a r t s  w i t h  
t h e  a r r i v a l  of t h e  e lements  a t  KSC, and c o n t i n u e s  through launch  proces-  
s i n g ,  launch ,  o r b i t a l  assembly and p r o c e s s i n g ,  m i s s i o n  performance,  and 
r e c o v e r y  of t h e  E a r t h  e n t r y  module. 

KSC PROCESSING 

The assembly, checkout ,  and launch  of t h e  E a r t h  launch  v e h i c l e  and pro- 
p u l s i o n  module payload b e g i n  w i t h  t h e  a r r i v a l  by b a r g e s  a t  KSC of t h e  
MS-IC s t a g e ,  t h e  MS-I1 s t a g e ,  and a p r o p u l s i o n  module (PM) tank .  The 
s o l i d  r o c k e t  motors  are  a l s o  water t r a n s p o r t e d  i n  r a i l r o a d  cars on b a r g e s .  
Due t o  t h e  i n c r e a s e d  l e n g t h  of t h e  f i r s t  s t a g e ,  a new t r a n s p o r t a t i o n  
v e h i c l e  w i l l  b e  r e q u i r e d  t o  move t h e  MS-IC s t a g e  from t h e  unloading  dock 
t o  t h e  v e h i c l e  assembly b u i l d i n g .  A new v e h i c l e  w i l l  a l s o  b e  r e q u i r e d  
t o  t r a n s p o r t  t h e  p r o p u l s i o n  module t a n k  t o  t h e  n u c l e a r  e n g i n e / f u e l  t a n k  
mating f a c i l i t y .  The r a i l r o a d  cars c o n t a i n i n g  t h e  l i v e  r o c k e t  motor com- 
ponents  go d i r e c t l y  t o  a new open r a i l  car s t o r a g e  a r e a .  The i n e r t  com- 
ponents  a r e  t r a n s f e r r e d  t o  t h e  new i n e r t  components b u i l d i n g .  

LAUNCH 
NO. ELEMENT E LV 

F i g u r e  4-12 
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I n  t h e  v e h i c l e  assembly b u i l d i n g ,  e r e c t i o n  of  t h e  Ea r th  launch  v e h i c l e  
on t h e  mob i l e  l aunche r  f o l l o w s  t h e  Apollo,  S a t u r n  V procedure.  Following 
t h e  i n t e g r a t i o n  and checkout of t h e  payload,  t h e  v e h i c l e  i s  moved by 
c r a w l e r - t r a n s p o r t e r  t o  t h e  launch pad. Concurrent  w i t h  t h e  assembly and 
checkout  of t h e  E a r t h  launch v e h i c l e  co re ,  t h e  s o l i d  r o c k e t  motor compo- 
n e n t s  a re  be ing  processed  through t h e  new i n e r t  components b u i l d i n g  and 
t h e  new mobi le  e r e c t i o n  and p rocess ing  s t r u c t u r e .  Upon comple t ion  of 
checkout ,  t h e  s o l i d  r o c k e t  motors  are t r a n s p o r t e d  t o  t h e  launch  pad i n  
t h e  mobi le  e r e c t i o n  and p rocess ing  s t r u c t u r e  by u s e  of t h e  crawler- 
t r a n s p o r t e r .  A t  t h e  pad, t h e  s o l i d  rocke t  motor  segments are  assembled 
and i n t e g r a t e d  w i t h  t h e  c o r e  of t h e  Ear th  l aunch  v e h i c l e .  Completion of 
t h e  pad checkout  procedure ,  f u e l i n g  o p e r a t i o n s ,  and launch  fo l low t h e  
S a t u r n  V r o u t i n e .  

F i g u r e  4-12 shows t h e  f low t i m e  f o r  assembly and launch  o p e r a t i o n s .  The 
assembly tes t  crew and t h e  mis s ion  crew w i l l  be  launched from Complexes 
34 and 37 i n  six-man l o g i s t i c  v e h i c l e s ,  u s ing  the Saturn-IB E a r t h  launch  
v e h i c l e .  Schedul ing p rov ides  f o r  a minimum l o g i s t i c  launch  r a t e  of one 
eve ry  45 days  f o r  assembly tes t  crew turn-around,  and rep len ishment  of 
expendables ,  s p e c i a l  t o o l s ,  o r  equipment. 

MONTHS LAUNCH D A T E 0  
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LAUNCH OPEKA'I'IONS 

An i n d i r e c t ,  rendezvous-compatible ,  c i r c u l a r  o r b i t  mode w a s  s e l e c t e d  f o r  
t h e  assembly o p e r a t i o n .  
o r b i t  t o  compensate f o r  l aunch  t i m e  e r r o r s .  The rendezvous-compatible  
o r b i t  pe rmi t s  two cop lana r  l aunch  o p p o r t u n i t i e s  p e r  day. 
a t  o r  near  t h e  cop lana r  l aunch  o p p o r t u n i t y ,  and t h e  E a r t h  launch  v e h i c l e  
w i l l  p rov ide  s u f f i c i e n t  yaw s t e e r i n g  t o  accommodate a t  l ea s t  a 10-minute 
ground launch window. 
c u l a r  a t  100 n a u t i c a l  m i l e s  (185 lan) t o  a c h i e v e  a n  apogee o r b i t  a l t i t u d e  
of 262 n a u t i c a l  m i l e s  (485 km) c o i n c i d e n t  w i t h  t h e  assembly o r b i t .  A 
LOX-LH2 t r a n s t a g e  p r o p u l s i o n  u n i t  on each  payload is  used  t o  p r o v i d e  t h e  
necessa ry  AV t o  c i r c u l a r i z e  t h e  o r b i t  and accompl ish  t h e  docking maneuver. 

Th i s  mode p r o v i d e s  an  i n t e r m e d i a t e  phas ing  

Launch o c c u r s  

The E a r t h  l aunch  v e h i c l e  w i l l  b u r n  o u t  s u p e r c i r -  

F i g u r e  4-13 shows t h e  E a r t h  launch  and assembly sequence f o r  t h e  prepa-  
r a t i o n  of t h e  

Q 

3 

b 

space  v e h i c l e  i n  E a r t h  o r b i t .  

EARTH L A U N C H  A N D  ASSEMBLY 
& S E Q U E N C E  p 

n 

LAUNCH LAUNCH LAUNCH F i g u r e  4-13 
1 2,5,9,10 3,4,6,7,8 
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I n  Launch No, 1, t h e  S a t u r n  V-25(S)U c o r e  v e h i c l e  w i t h o u t  t h e  s o l i d  motor 
s t r a p o n s  launches  t h e  s p a c e c r a f t  unmanned. The t r a n s t a g e  and instrumen- 
t a t i o n  u n i t  i n t e r f a c e s  w i t h  both  t h e  ELV and t h e  s p a c e c r a f t ,  

I n  Launch No. 2 ,  t h e  assembly t e s t  crew of six men is  launched by a S a t u r n  
I B .  A t  rendezvous t h e  l o g i s t i c  v e h i c l e  docks i n t o  t h e  s i d e  of t h e  space- 
c r a f t  and t h e  crew t r a n s f e r s  i n t o  t h e  m i s s i o n  module. The assembly test 
crew immediately a c t i v a t e s  and checks out  a l l  systems and i n s p e c t s  f o r  
damage t h a t  might  have occurred  d u r i n g  launch .  T h i s  i n c l u d e s  i n s p e c t i o n  
f o r  s t r u c t u r a l  damage u s i n g  e x t r a v e h i c u l a r  a c t i v i t y .  

- 

I n  Launch No. 3, t h e  f i r s t  p r o p u l s i o n  module, PM-3, i s  launched by a 
S a t u r n  V-25(S)U w i t h  f o u r  s o l i d  r o c k e t  motors .  When t h e  t r a n s f e r  t o  t h e  
assembly o r b i t  i s  completed and t h e  nose cone j e t t i s o n e d ,  t h e  rendezvous 
r a d a r  system w i t h i n  t h e  m i s s i o n  module i s  a c t i v a t e d  and p r o v i d e s  t h e  
r a n g e ,  l i n e - o f - s i g h t ,  and r a t e  d a t a  t o  c l o s e  t h e  d i s t a n c e  between t h e  
s p a c e c r a f t  and PM-3 t o  w i t h i n  approximately 10 f e e t  (3.05 m). The space- 
c r a f t  now s t a b i l i z e s  i t s e l f ,  as a l l  docking o p e r a t i o n s  c o n s i d e r  t h e  o r b i t -  
ing  e lements  a s  p a s s i v e  and t h e  ascending e lements  as  act ive.  A t  t h i s  
c l o s e  d i s t a n c e ,  a t e l e v i s i o n  camera i n  t h e  male cone (ascending e lement )  
p r o v i d e s  v i s u a l  c o n t r o l  r e q u i r e d  t o  make t h e  f i n a l  a l ignment  f o r  mat ing 
w i t h  t h e  docking cones.  The two e lements  are h a l t e d  by a n  energy-absorbing 
system w i t h i n  t h e  docking mechanism. Umbi l ica ls  are  t h e n  a u t o m a t i c a l l y  
engaged, p e r m i t t i n g  t h e  assembly tes t  crew t o  remotely check o u t  t h e  PM-3. 

I n  Launch N o .  4 ,  p r o p u l s i o n  module PM-2 i s  launched and t h e  procedure  
d e s c r i b e d  f o r  t h e  t h i r d  launch  i s  r e p e a t e d .  The e lements  are  drawn 
t o g e t h e r  by a h y d r a u l i c  system i n  t h e  docking mechanism G n t i l  t h e  au to-  
mat ic  a l i g n i n g  and l a t c h i n g  mechanism on t h e  i n t e r s t a g e  s t r u c t u r e  s e c u r e s  
t h e  e lements .  I n  a d d i t i o n  t o  t h e  e lec t r ica l  u m b i l i c a l  c o n n e c t i o n ,  t h e  
f u e l  t r a n s f e r  d u c t  and t h e  p r e s s u r i z a t i o n  l i n e  must b e  connected auto-  
m a t i c a l l y ,  r e q u i r i n g  EVA i n s p e c t i o n  only.  

Launches No. 5 and 9 are  r e s e r v e d  f o r  a d d i t i o n a l  t r a n s p o r t a t i o n  of c r e w  
and p a r t s  as necessary .  

I n  Launch No. 6 ,  t h e  f i r s t  of t h e  t h r e e  PM-1 p r o p u l s i o n  modules is 
i n j e c t e d  i n t o  assembly o r b i t .  

I n  Launches No. 7 and 8 ,  t h e  remaining two PM-1 modules are  i n j e c t e d  i n t o  
assembly o r b i t .  T h e i r  c o n f i g u r a t i o n  and o p e r a t i o n s  are  t h e  same, b u t  
t h e y  are launched i n  sequence a f t e r  t h e  assembly of t h e  f i r s t  i s  complete.  
A swinging mechanism a t  t h e  engine end of t h e  c e n t e r  module i s  used t o  
p o s i t i o n  t h e  o u t e r  modules i n  p l a c e .  The E a r t h  launch  i n t e r s t a g e s  of a l l  
t h r e e  PM-1 modules are  j e t t i s o n e d  j u s t  p r i o r  t o  PM-1 e n g i n e  burn .  

Launch No .  10 r e p l a c e s  t h e  assembly tes t  crew w i t h  t h e  m i s s i o n  crew f o r  
f i n a l  checkout  p r i o r  t o  E a r t h  d e p a r t u r e  of t h e  s p a c e  v e h i c l e .  
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MISSION OPERATIONS 

Upon complet ion of assembly and f i n a l  checkou t ,  t h e  space  v e h i c l e  i s  
i n j e c t e d  i n t o  a h e l i o c e n t r i c  o r b i t  t a r g e t e d  t o  Mars o r  Venus. The 
sequence of e v e n t s  a s s o c i a t e d  w i t h  a t y p i c a l  Mars l a n d i n g  m i s s i o n  i s  
shown i n  F igu re  4-14. The sequence  of e v e n t s  f o r  a Venus o r b i t i n g  
mis s ion  i s  s imi l a r  except  f o r  t h e  d e l e t i o n  of t h e  Mars e x c u r s i o n  module 
a c t i v i t i e s  and s u b s t i t u t i o n  of Venus unmanned p robes ,  

The meteoroid s h i e l d  i s  j e t t i s o n e d  from t h e  PM-1 modules j u s t  p r i o r  t o  
s t a g e  f i r i n g .  

F i r i n g  of t h e  n u c l e a r  PM-1 modules i n j ec t s  t h e  space  v e h i c l e  i n t o  t h e  
t r a n s f e r  t r a j e c t o r y .  

Three midcourse c o r r e c t i o n s  are assumed f o r  each  i n t e r p l a n e t a r y  l e g  
of  t h e  t r i p ,  t h e  f i r s t  o c c u r r i n g  5 days  a f t e r  launch  from o r b i t ,  t h e  
second about  20 days l a t e r ,  and t h e  t h i r d  a t  about  20 days b e f o r e  a r r i v a l  
a t  t h e  d e s t i n a t i o n  p l a n e t .  

For Mars mis s ions  wi th  a Venus swingby on t h e  outbound t r i p ,  p robes  are 
launched p r i o r  t o  Venus e n c o u n t e r ,  and d a t a  r e t u r n  i s  r eco rded  and 
monitored du r ing  t h e  swingby and as long  as communications can  b e  main- 
t a i n e d .  P l a n e t  c a p t u r e  i s  accomplished by t h e  PM-2. The meteoro id  
s h i e l d i n g  and outbound midcourse c o r r e c t i o n  system are  s t a g e d  p r i o r  t o  
PM-2 burn.  The s p e n t  PM-2 s t a g e  i s  s e p a r a t e d  i n  t h e  h i g h e r  i n i t i a l  o r b i t  ./- 
MISSION EVENTS 

JETTI SON PM-3 SEQUENCE CORRECTIONS (3) 
P M -  I BMC 

EEM SEPARATION 
& MM DIVERS I O N  
P M  -I BMC 

@ EARTH ENTRY 
& RECOVERY \I 

Figure  4-14 

MIDCOURSE 
CORRECTION (3) 

DEPARTURE - P M - 1  
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t o  p r e v e n t  r a d i a t i o n  and contaminat ion  problems,  and t h e  s p a c e  v e h i c l e  
t r a n s f e r s  t o  a 540-naut ica l -mi le  (1000-km) opera t . iona1  o r b i t  u s i n g  t h e  
chemical  t r i m  p r o p u l s i o n  system. 

Two t o  f i v e  days are s p e n t  surveying  t h e  p l a n e t  f o r  l a n d i n g  s i t e s ,  per-  
forming o r b i t a l  exper iments  ( i n c l u d i n g  deployment of p r o b e s ) ,  and pre-  
p a r i n g  t h e  Mars e x c u r s i o n  module f o r  o p e r a t i o n .  Three of t h e  six-man 
crew t h e n  descend t o  t h e  p l a n e t  s u r f a c e  i n  t h e  Mars e x c u r s i o n  module. 
A f t e r  a e r o b a l l i s t i c  e n t r y ,  t h e  Mars e x c u r s i o n  module i s  slowed by a 
b a l l u t e  r e t a r d a t i o n  system, and ,  us ing  p r o p u l s i o n  descends  t o  t h e  s u r f a c e .  
A f t e r  a 30-day s t a y  on t h e  p l a n e t ,  t h e  a s c e n t  module of t h e  Mars excur-  
s i o n  module b r i n g s  t h e  t h r e e  men and s c i e n t i f i c  payload back  t o  t h e  
s p a c e  v e h t c l e .  
c o n t i n u e  t h e  o r b i t a l  exper imenta t ion ,  moni tor  t h e  p l a n e t a r y  o p e r a t i o n s ,  
and m a i n t a i n  t h e  s p a c e  v e h i c l e  o p e r a t i o n s .  The a s c e n t  v e h i c l e  i s  d i s -  
carded  i n  t h e  p l a n e t  o r b i t  a f t e r  t h e  crew h a s  t r a n s f e r r e d  t o  t h e  
m i s s i o n  module. 

During p l a n e t a r y  o p e r a t i o n s ,  t h e  men i n  t h e  s p a c e  v e h i c l e  

P r e p a r a t i o n s  f o r  p l a n e t  d e p a r t u r e  i n c l u d e  s t a g i n g  of t h e  o r b i t  t r i m  
p r o p u l s i o n  system, PM-3 a f t  i n t e r s t a g e ,  and PM-3 meteoro id  s h i e l d .  
D e p a r t u r e  from Mars o r b i t  is  accomplished by t h e  n u c l e a r  PM-3. 
m a t e l y  1 day p r i o r  t o  E a r t h  e n t r y ,  t h e  crew and s c i e n t i f i c  payload 
t r a n s f e r  t o  t h e  E a r t h  e n t r y  module and s e p a r a t i o n  from t h e  m i s s i o n  'module 
is  accomplished.  
a t  t h e  d e s i r e d  l o c a t i o n  on E a r t h .  

Approxi- 

The t r a j e c t o r y  i s  a d j u s t e d  f o r  e n t r y  and water l a n d i n g  

C I RCULAR I ZE TO 

DEPARTURE 

LAUNCH 
ENGINEER I NG PROBES 

JETTI SON PM-2 
INTERSTAGE & 
SHIELDING & 

/ 
/ 

0 
0 

/ PM-OBMC q - ~ - ~ - l - l ~ d ~ ~  \ 

U PLANET CAPTURE 
PM-2 (HIGH ORBIT)  
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5.0 SYSTEM DEVELOPMENT 

A b a s i c  program p l a n  example was developed f o r  t h e  recommended i n t e r -  
p l a n e t a r y  m i s s i o n  system. 
t i a l  miss ions  b e i n g  of s h o r t  d u r a t i o n .  
i s  a 1983 Venus S h o r t  and t h e  second,  a 1986 Mars O p p o s i t i o n .  Program 
p l a n s  i n c l u d e  t h e  s c h e d u l e s ,  t h e  tes t  p l a n s ,  and t h e  c o s t s  a s s o c i a t e d  w i t h  
t h e  b a s i c  program p l a n  example. 

Development p l a n s  and c o s t s  are  based on i n i -  
The f i r s t  m i s s i o n  i n  t h e  example 

Schedules ,  test  p l a n s ,  and y e a r l y  funding rates w e r e  developed i n  d e t a i l  
t o  t h e  module l e v e l ,  w h i l e  program c o s t s  were developed i n  d e t a i l  t o  
t h e  subsystem level .  

A f l e x i b l e  p lanning  method w a s  a l s o  d e v i s e d  whereby t h e  d e t a i l e d  sched- 
u l i n g  and c o s t i n g  d a t a ,  which w a s  developed d u r i n g  t h e  s t u d y ,  c a n  be 
a p p l i e d  t o  v a r i o u s  d e s i r e d  m i s s i o n  programs t o  y i e l d  o v e r a l l  program 
schedules ,  c o s t s ,  and y e a r l y  funding  rates. 

SCHEDULE 

The schedule  f o r  t h e  recommended system example program i s  d e p i c t e d  i n  
F i g u r e  5-1. 
f low t i m e  t o  t h e  f i r s t  Venus 1983 m i s s i o n  launch  d a t e .  The development 
go-ahead d a t e  f o r  t h e  second m i s s i o n  i s  mid-1976, w i t h  9-112 y e a r s  t o  
t h e  Mars 1986 launch  d a t e .  Development and i n t e g r a t i o n  of t h e  Mars 
excurs ion  module i s  t h e  major  e f f o r t  f o r  t h e  Mars m i s s i o n .  The develop-  
ment go-ahead f o r  m i s s i o n  probes  and exper iments  i s  1976 w i t h  6 y e a r s  
and 2 months f low t i m e  t o  m e e t  t h e  i n i t i a l  Venus m i s s i o n .  

Development go-ahead is  J a n u a r y  1972 w i t h  11-112  y e a r s  

The o v e r a l l  f l o w  t i m e s  noted above a re  one of t h e  b a s i c  i n g r e d i e n t s  used 
i n  t h e  f l e x i b l e  p lanning  method. 

Schedules  f o r  t h e  example program b e g i n  w i t h  e a r l y  d e s i g n  and develop-  
ment,  which i s  fol lowed by ground q u a l i f i c a t i o n  and p r o g r e s s e s  suc- 
c e s s i v e l y  t o  o r b i t a l  q u a l i f i c a t i o n  of t h e  modules, t o  system q u a l i f i -  
c a t i o n s ,  th rough o r b i t a l  d e m o n s t r a t i o n ,  and f i n a l l y  t o  m i s s i o n  opera-  
t i o n s .  A s i g n i f i c a n t  m i l e s t o n e  i s  t h e  launching  of t h e  m i s s i o n  module 
f o r  o r b i t a l  q u a l i f i c a t i o n .  
can b e  used i n  o r b i t  f o r  i n t e r f a c e  t e s t i n g  i n s t e a d  of expens ive  s imula-  
t i o n  equipment. Furthermore,  i t s  e a r l y  a v a i l a b i l i t y  p r o v i d e s  a h a b i t a t  
f o r  o r b i t a l  tes t  p e r s o n n e l  d u r i n g  t h e  3-year module t e s t i n g  phase  p r i o r  
t o  o r b i t a l  demonst ra t ion .  It was assumed t h a t  l o g i s t i c  s p a c e  v e h i c l e s  
would b e  developed i n  a s s o c i a t i o n  w i t h  e a r l y  E a r t h  o r b i t a l  programs and 
would b e  a v a i l a b l e  t o  suppor t  t h e  t e s t i n g  and m i s s i o n  o r b i t a l  o p e r a t i o n s .  

I t  i s  launched and t e s t e d  e a r l y  s i n c e  i t  

A space v e h i c l e  q u a l i f i c a t i o n  and o r b i t a l  d e m o n s t r a t i o n  t e s t  i s  sched- 
u l e d .  A l l  l aunch ,  o r b i t a l ,  and m i s s i o n  o p e r a t i o n s  w i l l  b e  accomplished 
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BASIC PROGRAM SCHEDULE 

n 

VENUS MISS I O N  
ORBITAL 

‘ONTRACT DEMONSTRATION 
Go-AHEAD COMPLETE ” 

1s T 1s T 
VENUS M A R S  
M I S S  I O N  M I S S  I O N  

/ENUS MISS I O N  
1 ONTR ACT 
;O-AHEAD 

Y 7  m ” 
*MARS MISSION CONTRACT GO-AHEAD 

! NTEGRATE 
W I T H  M M v  

BOILERPLATE 1ST MANNED INTEGRATE 
LAUNCH REENTRY 

v v  
W I T H  MM 
v 

GROUND QUAL 1STMM LAUNCH I NTEGRATE W I T H  
C O M  P LETE (ORBITAL TESTS) SPACE VEH. AT KSC 

T7 T7 T-7 

HOT 1ST P M  LAUNCH I NTEGRATE W I TH 
FIRE (ORBITAL TESTS) SPACE VEH. AT KSC 

SPACE VEHl CLE ORB ITAL 
QUAL & DEMONSTRATION - 

VENUS M I S S  I O N  LAUNCH & ORBITAL  OPNS 

VENUS CAPTURE 
M I S S I O N  

S Y S .  QUAL TESTS ORBITAL DEMONSTRATION 

r7 
COM P LETE C OM P LETE 

K-7 
~ ~ 

M A R S  
M I S S  I O N  

M A R S  M I S S I O N  LAUNCH & ORBITAL OPNS A- 

72 I 73 I 74 I 75 1 76 I 77 1 7 8  I 7 9  I 80 I 8 1  I 82 1 8 3  I 84 I 85 I 8 6  1 
F i g u r e  5-1 

i n  t h e  v i c i n i t y  of  t h e  E a r t h ,  b u t  mi s s ion  i n - t r a n s i t  t i m e s  w i l l  b e  f o r e -  
s h o r t e n e d .  S tandby u n i t s  f o r  each  module, i n c l u d i n g  a S a t u r n  V-25(S)U 
a r e  p l anned  f o r  t h e  o r b i t a l  demons t r a t ion  t e s t .  
w i l l  b e  r e f u r b i s h e d  and t r a n s f e r r e d  t o  t h e  f i r s t  m i s s i o n  as  s t andby  o r  
o p e r a t i o n a l  u n i t s .  
t h e  d e m o n s t r a t i o n  t e s t s  and t h e  f i r s t  mi s s ion  t o  a l l o w  f i n a l  d e s i g n  
improvements t o  b e  i n c o r p o r a t e d  i n t o  t h e  o p e r a t i o n a l  hardware .  

S tandby u n i t s  n o t  used  

A 2-year p e r i o d  i s  provided between comple t ion  of 
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VENUS SHORT M I S S I O N  

PROGRAM COSTS AND FUNDING 

5% I 21%I 45%1 7 4  5% 14% 

C o s t s  f o r  t h e  example two m i s s i o n  program w e r e  e s t i m a t e d  i n  d e t a i l  t o  
t h e  subsystem l e v e l .  T e c h n i c a l  c o n f i g u r a t i o n  d a t a  such as s t r u c t u r a l  
weights ,  e l ec t r i ca l  power r e q u i r e m e n t s ,  e t c . ,  f o r  each module, were 
r e l a t e d  t o  p a r a m e t r i c  c o s t  c u r v e s  f o r  b a s i c  R&D and u n i t  c o s t s .  C o s t s  
of f l i g h t  tests w e r e  e s t i m a t e d  on an i n d i v i d u a l  b a s i s .  

Year ly  funding requi rements  w e r e  c a l c u l a t e d  u s i n g  a computer program 
which p r i n t e d  o u t  funding  c u r v e s  from t h e  module l eve l  t o  t h e  t o t a l  sys-  
t e m  l e v e l .  The c o s t  and funding  d a t a  de-Teloped i n  d e t a i l  f o r  t h e  two 
m i s s i o n  example w a s  expanded t o  i n c l u d e  .. .ny t y p e  of m i s s i o n  and f o r  any 
s p a c e  v e h i c l e  c o n f i g u r a t i o n  combinat ion.  Summaries of t h e  c o s t i n g  and 
funding i n f o r m a t i o n  w e r e  one of t h e  b a s i c  i n g r e d i e n t s  used i n  t h e  f l e x i -  
b l e  planning method. 

T o t a l  c o s t s  f o r  t h e  example two m i s s i o n  program are Approximately $29.0 
b i l l i o n  c o n s i s t i n g  o f  $23.7 b i l l i o n  non-recur r ing  and $5.3 b i l l i o n  
r e c u r r i n g .  

A peak funding r a t e  of approximate ly  3 . 5  b i l l i o n  d o l l a r s  p e r  y e a r  o c c u r s  
d u r i n g  t h e  1975-1977 t i m e  p e r i o d .  

PRICE LIST 
( NON-RECURRING ) 

)K )I a BAS IC $14.52B 
SYSTEM 

B 4-1-1 A %  
SYSTEM t. 33B 

2-1-1 -. 34B 
SYSTEM c- 

O Q  n. 
PROBES 

MSM - 14 86B M A R S  SURfACE BASIC EXPERIMINTS MARS $I 568 

VLNIIS $ 1 258 
MARS VENUS S W I N G $ ?  16B EXPER IhllNI( $ J IB 

$ 728 

F i g u r e  5-2 

FUNDING DISTRIBUTION 

NONRECURRING COSTS - 5  DISTRIBUTION 
DLMONSTRATlOk TESI q 

DEMONSTRATION TLST 
IF M N U S  IS  F IRSTMISSION I 3% I 8% 111% 114% IIWI I&/ 14%l P*l .t% 1 1%1 

IF  MARS I S  F IRSTMISSION [ 7% 1 i i % j  izallia, i f i l  17%1 I I ’ L ~  i 15 1 
M I S S I O N  LAUNCH 

[>%Is* ) 1 4 % [ 1 % l 7 4 a l 1 9 % l 7 %  1 )+I 2 % 1 I %  
M I S S I O N  LAUNCH 

A I F M A R S  ISSUBSEOUENTMISSION 

A IF  VENUS I S  A SUBSEPUENT M I S S I O N  1 3% 124% 1 Z W J  24a! l f i l  ?c 1 1% 

- 
VENUS LONG M I S S I O N  

MARS OPPOSITION M I S S  ION 

~ * I z . t % j ~ m ] z m ~  I]%[ 5 ~ 1 8 1  
v 

v 
I ImI 7 6 )  4ohl 1451 74. I )u 1 

MARS CONJUNCTION M I S S I O N  

MARS SWINGBY MISSION 

R ) 7 4 % ) 2 6 ~ Z D L ~ I Z % ]  431 4 % ) I X  

9 ~ ~ I 2 4 a l 7 7 % 1 ? 1 x . I  1341 5.1,jI.s 
v 

V DEMONSTRATION TEST FOR FIRSTMISSION ONLY 

F i g u r e  5-3 

FLEXIBLE PLANNING METHOD 
The f l e x i b l e  p lanning  method u t i l i z e s  t h e  summary d a t a  from t h e  d e t a i l e d  
schedul ing  and c o s t i n g  e f f o r t  t o  p r o v i d e  a r a p i d  means of d e v i s i n g  and 
e v a l u a t i n g  a l t e r n a t e  m i s s i o n  program s c h e d u l e s  and c o s t s .  The b a s i c  

- 1  
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i n g r e d i e n t s  t o  t h e  f l e x i b l e  p lanning  method a r e :  

a A p r i c e  l i s t  ( n o n r e c u r r i n g ) ;  

0 A p r i c e  l i s t  ( r e c u r r i n g ) ;  

a A funding  d i s t r i b u t i o n  l i s t  which a l s o  p r o v i d e s  t h e  s c h e d u l i n g  
i n f o r m a t i o n .  

F i g u r e s  5-2 and 5-3 a r e  examples of t h e  b a s i c  i n g r e d i e n t s .  

The p r i c e  l i s t  ( r e c u r r i n g )  i n c i u d e s  c o s t s  f o r  each t y p e  m i s s i o n  f o r  
each s p a c e  p r o p u l s i o n  system combination. C o s t s  range  from approxi-  
m a t e l y  2.4 b i l l i o n  d o l l a r s  p e r  misi;ion f o r  a Venus S h o r t  m i s s i o n  w i t h  a 
2-1-1 s p a c e  p r o p u l s i o n  system combinat ion,  t o  2.9 b i l l i o n  d o l l a r s  f o r  
a Mars Conjunct ion  m i s s i o n  w i t h  a 4-1-1 s p a c e  p r o p u l s i o n  system com- 
b i n a t  i o n .  

F i g u r e  5-4 i l l u s t r a t e s  how t h e  f l e x i b l e  p lanning  method would b e  used 
t o  a r r ive  a t  program s c h e d u l e s , ' c o s t s ,  and funding  r a t e s .  The b a s i c  
m i s s i o n  program example of a 1983 Venus S h o r t  as t h e  f i r s t  m i s s i o n  and 
t h e  1986 Mars Oppos i t ion  m i s s i o n  as t h e  second is  used .  The f i r s t  s t e p  
would b e  t o  l i n e  up t h e  two b a r s  r e p r e s e n t i n g  t h e  two m i s s i o n s  w i t h  t h e  

COST & FUNDING LEVEL EXAMPLE 

NONRECURRINGCOSTS: 

DEMONSTRATION 
TEST 
W 

B A S I C  SYST. - $ 1 4 5 8  
MEM * $ 4.98 
g & d E X P E R I M .  - $ 4 .38  

- & PROBES 
1.168 $1.898 $2.038 $2.328 $2.618 $2.038 

SUBTOTAL - S23.78 - 
MEM S MISS ION LAUNCH 
GO-AHEAD 

$0.27 BISO. 748 tl.298kl. 758 $2.21 8 1.758 $0. 64B $0.288 $0.18d$O.WB 

RECURRING COSTS: 

9 MISS I O N  8 3 Q S H  - $ 2 . 6 8  
8 6 d O P P  - $2.78 

SUBTOTAL - $ 5.38 

DEMONSTRATION 

- - 

NONRECURRING COST 
TOTAL = 829.0B 

72 I 73 1 74 I 75 1 76 I 77 I 78 I 79 1 80 1 81 I 82 I 83 1 84 1 85 I 86 I 87 I 88 1 
Figure  5-4 
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m i s s i o n  launch m i l e s t o n e s  on t h e  b a r s  cor responding  t o  t h e  d e s i r e d  
launch  d a t e s .  Mission c o s t s  would b e  d e r i v e d  from t h e  p r i c e  l i s t  
( r e c u r r i n g )  and d i s t r i b u t e d  on a p e r c e n t a g e  b a s i s  p e r  t h e  funding  d i s -  
t r i b u t i o n  l i s t ,  F i g u r e  5-3. The n e x t  s t e p  would b e  t o  l i n e  up t h e  b a r s  
f o r  nonrecur r ing  c o s t s  and d i s t r i b u t e  t h e  y e a r l y  c o s t s  i n  a s i m i l a r  
manner. The f i n a l  s t e p  would b e  t o  add up t h e  t o t a l  c o s t s  p e r  y e a r  and 
draw i n  t h e  y e a r l y  funding  ra te .  

6.0 TECHNOLOGY IMPLICATIONS 
During t h e  c o u r s e  of t h i s  s t u d y  c e r t a i n  technology r e s e a r c h  and develop-  
ment requi rements  were i d e n t i f i e d .  They are shown i n  T a b l e  6-1. A 
f u r t h e r  d i s c u s s i o n  may b e  found i n  Volume I1 of t h i s  r e p o r t .  

Table  6-1: TECHNOLOGY RESEARCH AND DEVELOPMENT REQUIREMENTS 

FLIGHT MECHANICS 

0 Launch Window Energy Requirements 
0 Abort T r a j e c t o r i e s  and Requirements 

SPACE PROPULSION 

0 P r o p e l l a n t  Loading and S t o r a g e  
0 Highly E f f i c i e n t  Thermal C o n t r o l  ( I n s u l a t i o n  and Suppor ts )  
0 

0 Radia t ion  S h i e l d i n g  
0 P r o p e l l a n t  T r a n s f e r  

P r o p e l l a n t  Heating--Engine R a d i a t i o n  and Zero-G Space F l i g h t  

P r o p e l l a n t  P r e s s u r i z a t i o n  
Liquid Hydrogen Flow Meter ing 
Liquid Hydrogen Zero Leak Shutof f  Valve 

Engine Burn L i f e  2 60 Minutes  
S p e c i f i c  Impulse 2 825 Seconds 
S h o r t e r  Engine Length 
Zero N e t  Pump S u c t i o n  Head LH2 Pump 
B e t t e r  D e f i n i t i o n  of Engine R a d i a t i o n  Environment 

0 Nuclear Engines 

MATERIALS AND STRUCTURES 

0 Meteoroid Environment and S h i e l d i n g  
0 Low Thermal Conductance Suppor ts  
0 Nonflammable Materials 
0 S e l f - s e a l i n g  P r e s s u r e  S t r u c t u r e s  
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MISSION MODULE 

0 Subsystems--General 
0 Long Life Equipment 
0 Maintainable Equipment 
0 Zero Gravity Operation 

0 Large Momentum Storage Devices 

0 Isotope Encapsulation 
0 Isotope Safe Recovery 
0 Rotating Components Performance and Life 
0 Isotope Availability 
0 Large Retractable Solar Arrays 

0 High Power and Efficiency Amplifiers 
0 Large Light Weight Antennas 
0 Laser Systems 

0 Environmental Control and Life Support 
0 Molten or Solid Electrolyte C02 Reduction 
0 Electrodialysis C02 Separation 
0 Water Electrolysis Cells 
0 Water Recovery Systems 
0 Contamination Effects (Man and Equipment) 
0 Self-Regulating Thermal Radiators 

0 Substitution of Pressure Forces and Exercise for Physical Conditioning 

0 Attitude Control 

0 Electrical Power 

0 Communications 

0 Crew Systems 

MARS EXCURSION MODULE 

0 Mars Atmosphere and Constituents 
0 Large Hypersonic Ballutes 
0 Heat Shield Performance 
0 Full Scale Testing 

FLOX-Methane Propulsion 
0 Long Duration Space Storage 

EARTH ENTRY MODULE 

0 Boundary Layer Transition, Afterbody Heating, Gas Behavior and Heat Shield 

0 Test Techniques and Full Scale Testing 
0 Long Duration Space Storage 

Performance at Entry Velocities of 50 to 60,000 fps 

EARTH LAUNCH VEHICLE 

0 Effects of Solid Rocket Motors on ELV Aerodynamic Coefficients 
0 Wind Environments and Vehicle Response 
0 Acoustical Environment 
0 Safety and Overpressure Environment 
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