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The A P Q ~ ~ O  Extension System (AES) has  been proposed toc py 

gu t  extended l u n a r  s y r f a c e  m3ssions and e a r t h  o r b i t a l  miss ions  d u r i n g  
t h e  1968-1971 time pe r iod ,  This  document i s  P a r t  I of an  e i g h t  p a r t  
i n t e r i m  r e p o r t  and c o n t a i n s  t h e  F l i g h t  Mission Assignment Plan ( ~ m p )  
based on t h e  p r e s e n t  systems c o n s t r a i n t s  and o b j e c t i v e s .  Suppprt ing 
m a t e r i a l  f o r  t h e  F m P  i s  swnmarized h e r e  and i s  d i s cus sed  i n  mope de- 
t a i l  i n  t h e  s e p a r a t e  p a r t s  of  t h e  i n t e r i m  r e p o r t ,  

A d i s c u s s i o n  of t h e  ground r u l e s  and g u i d e l i n e s  i s  g iven  t o  
i l l u s t r a t e  t h e  c o n s t r a i n t s  on t h e  AES. Of t he se ,  t h e  p r i v i s i o n  of 
modified s p a c e c r a f t  e a r l y  i n  t h e  AES program seems most c r i t i c a l .  A 
summary of e s t ima ted  hardware c a p a b k l i t y  fo l lows .  Payload e s t i m a t e s  
f o r  p ropuls ion  systems a r e  glven.  It i s  suggested t h a t  a s i n g l e  modic 
f i e d  Apollo C,SM, s u i t a b l e  f o r  about. 45-day ope ra t i on ,  may be adequate  
f o r  a l l  AES niissions.  LEN d e r i v a t i v e s  u s e f u l  t o  extend volume and 
maneuverab i l i ty  i n  e a r t h  o r b i t  and t o  extend t h e  s t a y  t ime on t h e  .moon 
a r e  dT$cussed. With t h e  AES c o n s t r a i n t s  assumed i n  t h i s  r e p o r t ,  it 
appears  t h a t  t h e  payload a v a i l a b l e  f o r  e x p e ~ i m e n t s  v a r i e s  from about  
2,000 l b s .  f o r ,  a  S-IB t o  83,000 l b s .  f o r  a  S$-V i n  e a r t h  o r b i t ,  and i s  
about 3,000 l b s ,  f o r  extended l u n a r  s u r f a c e  miss ions .  

Comments on t h e  o b j e c t i v e s  a n d ' r a t i o n a l - e  of  t h e  proposed AES 
l u n a r  progkam and e a r t h  o r b i t a l  program a r e  summarized. It appears  
t h a t  t h e  AES can ac'complish significant o b j e c t i v e s  i n  exp lo r ing  t h e  
moon and nea r - ea r th  space ;  how(?ver, t h e  AES i s  a n  i n t e r i m  program f n  
t h a t  match more w i l l  be l e f t  t o  be done by follow-on programs. 

F i n a l l y , ' a  F l i g h t  Mission Assignment Plan i s  g iven  which 
appears  t o  meet t h e  p r e s e n t  AES c o n s t r a i n t s .  It should be p p p a r e n t  
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t h a t  t h e  FMAP i s  based on many assumptions,  some of which w i l l  un- 
doubted ly  be changed, and upon many e s t i m a t e s  o f  performance and 
weight which w i l l  be b e t t e r  de f ined  i n  t h e  f u t u r e .  Therefore ,  
t h i s  r e p o r t  must be cons idered  s o l e l y  as a n  i n t e r i m  assessment  o f  
t h e  problem, 

The complete r e p o r t  i s  d iv ided  i n t o  s e p a r a t e  p a r t s -  a s  
fo l l ows  : - i' 

- 
INTERIM REPORT FOR AES FLIGHT MISSION ASSIGNMENT PLAN - January 29, 
1965. 

P a r t  I - Summary (u )  ( ~ I B & ~ ~ ~ ~ L )  
P a r t  I1 - Propuls ion  and T r a j e c t o r y  C a p a b i l i t i e s  
P a r t  I11 - Extended CSM S p a c e c r a f t  ( u )  ( c c J ~ )  
P a r t  I V  - LEM D e r i v a t i v e s  ( u )  
P a r t  V - Lunar Mission Ob jec t i ve s  and Ra t iona l e  
P a r t  V I  - E a r t h  O r b i t a l  Mission Ob jec t i ve s  and Ra t iona l e  
P a r t  VI I  - Schedul ing C o n s t r a i n t s  and A l t e r n a t i v e  Schedules  

(u  ) ) 
P a r t  V I I I  - Lau-es and Equipment ( u )  (- 
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P a r t  I: Summary ( u )  
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TECHNICAL MEMORANDUM 

DATE: January 29, 1965 

FROM: T. L. Powers 

TM - 65-1011-7 

INTRODUCTION 

The United S t a t e s  ha s  s e t  i t s e l f  a  g o a l  of l and ing  a  man 
on t h e  moon and r e t u r n i n g  him s a f e l y  t o  e a r t h  d u r i n g  t h i s  decade,  
I n  accomplishing t h i s  g o a l  through t h e  Apollo Program, t h e  r e s o u r c e s  
and t a l e n t s  o f  t h e  t e c h n i c a l  community w i l l  have developed a  h i g h l y  
complex, expensive  system of v e h i c l e s ,  s p a c e c r a f t  and f a c i l i t i e s .  ' An ex t ens ion  of t h e  man-in-space program, e x p l o r i n g  t h e  e a r t h  space 
environment and d e t a i l i n g  knowledge of t h e  moon, i s  now a  l o g i c a l  
s t e p .  I n  t h e  words o f  t h e  P r e s i d e n t :  "we expec t  t o  exp lo re  t h e  
moon, no t  j u s t  v i s i t  i t  o r  photograph it. We p lan  t o  exp lo re  and 
c h a r t  p l a n e t s  a s  we l l ,  We s h a l l  expand ou r  e a r t h  l a b o r a t o r i e s  
i n t o  space l a b o r a t o r i e s  and extend our  n a t i o n a l  s t r e n g t h  i n t o  t h e  
space dimension. "* 

The Apollo Extension System (AEs) h a s  been proposed t o  
e x p l o i t  t h e  space c a p a b i l i t y  of t h e  Uni ted S t a t e s  i n  t h e  y e a r s  
immediately fo l l owing  t h e  f i r s t  l u n a r  l and ings .  The s p e c i f i c  ob- 
j e c t i v e s  of  t h e  AES were s t a t e d  t o  be**i 

11  ... t o  provide  a  f l e x i b l e  c a p a b i l i t y  f o r  long-dura t ion  
manned space f l i g h t s ,  bo th  i n  e a r t h  o r b i t  and f o r  l u n a r  
e x p l o r a t i o n  beyond t h e  scope of t h e  Apollo manned l u n a r  
l and ing  e f f o r t ,  

1 I ... t o  demonstra te  c a p a b i l i t i e s :  
a .  To conduct biomedical ,  s c i e n t i f i c ,  o p e r a t i o n a l  and 

t e c h n o l o g i c a l  exper iments  i n  nea r  e a r t h  space:  

(1) t o  extend man's c a p a b i l i t i e s  t o  o p e r a t e  e f f e c -  
t i v e l y  a s  an  a s t r o n a u t  and a s  a  s c i e n t i s t 3  

( 2 )  t o  p rov ide  d a t a  and o p e r a t i o n a l  exper ience  f o r  
l a t e r  and more e x t e n s i v e  e a r t h  o r b i t a l  ope ra t i ons ;  
and 

(3 )  t o  q u a l i f y  systems and crews f o r  subsequent l u n a r  
mi s s ions ,  

* Report t o  t h e  Congress from t h e  P r e s i d e n t  o f  t h e  United S t a t e s ,  
United S t a t e s  Aeronaut ics  and Space A c t i v i t i e s  1964, January  27,1965. 

** A p roposa l  f o r  t h e  Development of Apollo Extension Systems (AEs) ,  
OMSF November 1964 ( U P  (F 
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b. To acqui re  s c i e n t i f i c  luna r  da ta  from a  manned o r b i t i n g  
spacec ra f t  us ing  spec ia l i zed  cameras, non-photographic 
sensors  and orb i t - to-sur face  probes. 

c.  To conduct ex tens ive  geologica l  and geophysical  surveys 
of se lec ted  a r e a s  on t h e  moon t o  provide a  phased ex- 
pansion of t h e  da ta  obtained from Ranger, Surveyor, 
Orb i t e r  and e a r l i e r  Apollo missions." 

S tudies  a r e  now under way t o  examine these  ob jec t ives  and 
determine how t h e y  can b e s t  be met. 

The purpose of t h i s  i n t e r i m  r e p o r t  i s  t o  present  a  pre- 
l iminary AES F l i g h t  Mission Assignment Plan (FMAP) which s a t i s f i e s  
t h e  present  c o n s t r a i n t s .  It should be c l e a r l y  understood t h a t  t h e  
i n t e r i m  plan presented here  i s  merely i l l u s t r a t i v e ;  f u r t h e r  d i s -  
cussion of t h e  AES o b j e c t i v e s  and c o n s t r a i n t s  must be c a r r i e d  out 
before a  more d e f i n i t i v e  FMAP can be presented. 

This re'port, Par t  I of a  s e r i e s ,  conta ins  t h e  i n t e r i m  
FMAP and a summary of f a c t o r s  which inf luence  t h e  FMAP, The o t h e r  
p a r t s  of t h e  s e r i e s  conta in  more d e t a i l e d  information and a r e '  
a v a i l a b l e  sepa ra te ly .  The s e r i e s  i s  l i s t e d  below. 

In te r im Report f o r  AES F l i g h t  Mission Assignment Plan 
Par t  I Summary 

I1 Propulsion and Tra jec to ry  C a p a b i l i t i e s  
I11 Extended CSM Spacecraf t  
I V  LEM Der iva t ives  
V Lunar Mission Objectives and Rationale 
V I  Ear th  O r b i t a l  Mission Object ives  and Rationale 
V I I  Scheduling Const ra in ts  and Al te rna t ive  Schedules - 
V I I I  Launch F a c i l i t i e s  and Equipment 

Roman numeral re ferences  r e f e r  t o  o t h e r  p a r t s  of t h i s  
r e p o r t .  
' A '  Q 

2.0 AES CONSTRAINTS 

The AES F l i g h t  Mission Assignment Plan w i l l  r e f l e c t  t h e  
c o n s t r a i n t s  on t h e  program. The c o n s t r a i n t s  t o  be considered here 
a r e  the  ground r u l e s  and guide l ines ,  t h e  mission types o f . i n t e r e s t ,  
t he  hardware c a p a b i l i t i e s ,  and the  launch support  requirements. 

2.1 AES GROUND RULES 

A s e t  of fundamental s p e c i f i c a t i o n s  f o r  t h e  AES has been 
proposed t o  be c a l l e d  "ground r u l e s M  because of t h e i r  bas ic  na ture  
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and broad scope."  These ground r u l e s  have n o t  been c r i t i c a l l y  r e -  
viewed bu t  have been used f o r  t h i s  s t u d y  i n  o r d e r  t o  show t h e i r  
e f f e c t  on t h e  AES program. The ones p e r t i n e n t  t o  a d i s c u s s i o n  o f  
t h e  FMAP a r e  l i s t e d  below. 

The pr imary manned space  f l i g h t  o b j e c t i v e  i s  t h e  Apollo 
miss ion .  

There s h a l l  be no i n t e r f e r e n c e  t o  Apol lo  from t h e  AES. 

Unmodified s p a c e c r a f t  (S/C) s h a l l  be a v a i l a b l e  f o r  
Apollo u n t i l  t h e  f i rs t  manned l u n a r  l a n d i n g  has  been 
a s s u r e d .  

There s h a l l  be maximum u t i l i z a t i o n  o f  Apol lo  sys tems.  

There s h a l l  be no u p r a t i n g  of  p r o p u l s i o n  systems excep t  
th rough  normal improvement i n  t h e  cou r se  of  t h e  b a s i c  
program. 

AES mi s s ions  shou ld  u se  b a s i c  Apol lo  s p a c e c r a f t  suitab,J,y 
modif ied .  . . 
No major f a c i l i t y  m o d i f i c a t i o n s  shou ld  be r e q u i r e d .  

I 

M o d i f i c a t i o n s  o f ' A p o l l o  s p a c e c r a f t  and i n t e g r a t i o n  o f  
exper iments  w i l l  be accomplished a t  a m o d i f i c a t i o n  f a c i l i t y  
f o l l o w i n g  p r o d u c t i o n  o f  s t a n d a r d  Apol lo  s p a c e c r a f t  
sys tems by t h e  Apollo prime c o n t r a c t o r s .  

Launches s h a l l  be based on a p r o d u c t i o n  c a p a b i l i t y  of 
s i x  Sa-IB, s i x  Sa-V, and e i g h t  S/C p e r  y e a r  f o r  t h e  
1969-71 t ime  p e r i o d .  

O f  t h e s e  ground r u l e s ,  t h e  most c r i t i c a l  appea r  t o  be t h e  
r equ i r emen t s  t h a t  unmodified S/C be a v a i l a b l e  f o r  Apol lo  ' u n t i l  t h e  f i r s t  
manned l u n a r  l a n d i n g  i s  a s s u r e d ,  and t h a t  on ly  modi f i ed  Apol lo  S/C be 
used f o r  AES. The f i r s t  requ i rement  has  been i n t e r p r e t e d  t o  mean 
t h a t  no S/C m o d i f i c a t i o n s  f o r  AES can be s t a r t e d  u n t i l  t h e  f i r s t  
manned l u n a r  l a n d i n g  ha s  been accompl ished.  Because o f  t h i s  I I 

i n t e r p r e t a t i o n  and t h e  lead t ime  n e c e s s a r y  f o r  m o d i f i c a t i o n s ,  i t  
appea r s  tha t  no e x t e n s i v e  AES m i s s i o n s  can  be f lown u n t i l  about  
one y e a r  a f t e r  t h e  f i r s t  manned l u n a r  l a n d i n g ,  w i t h  two e x c e p t i o n s  
(VII-Ap.1).  

1 

*AES Program S p e c i f i c a t i o n  Ground Rules ,  p r e l i m i n a r y  d r a f t ,  
MT-1, December, 1964.  



The second c r i t i c a l  ground r u l e  i s  i n t e r p r e t e d  t o - m e a n  
t h a t  no new S/C can  be develqped f o r  AES. It now a p p e a r s  t h a t  t h e  
p r o v i s i o n  of  a n  a u x i l i a r y  module t o  be used  f o r  o r b i t a l  exper imenta-  
t i o n  w i t h  t h e  CSM.&kd f o r  a l u n a r  s u r f a c e  s h e l t e r  cou ld  l e a d  t o  
a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  c a p a b i l i t y  o f  t h e  AES. T h i s  module 
would be  of  p a r t i c u l a r  a i d  i n  t h e  e a r l y  p e r i o d  of t h e  AES when i t  
i s  assumed t h a t  no modi f i ed  Apol lo  S/C a r e  a v a i l a b l e .  

It s h o u l d  a l s o  be  n o t e d  t h a t  t h e  p r o d u c t i o n  c a p a b i l i t y  c f  
s i x  Sa-IB, s i x  Sa-V, and e i g h t  S/C p e r  y e a r  i m p l i e s  t h a t  a t  l e a s t  
f o u r  unmanned l a u n c h e s  be  made e a c h  y e a r .  T e n t a t i v e  ass ignments  have 
been assumed f o r f o u r  unmanned Sa-IB/Centaur v e h i c l e s  , f o r  Voyager 
Mars windows. However, t h e s e  and o t h e r  unmanned miss'ions w i l l  n o t  
be d i s c u s s e d  i n  t h i s  r e p o r t .  

2 . 2  GUIDE LINES 

S e v e r a l  o t h e r  g u i d e  l i n e s  have been used i n  d e v e l o p i n g  t h e  
AES FMAP. These a r e  c o n s i d e r e d  t o  be n o t  a s  f i r m  a s  t h e  ground 
r u l e s  s t a t e d  b e f o r e .  Again, t h e  g u i d e l i n e s  have n o t  been s p e c i f i c a l l y  
reviewed b u t  have been used t o  i l l u s t r a t e  t h e i r  e f f e c t  on t h e  A"ES 
program. I n  some c a s e s  it may be d e s i r a b l e  t o  d e p a r t  from them. 
These g u i d e l i n e s  a r e  l i s t e d  n e x t .  

A l l  S a t u r n  V l aunches  shou ld  be manned. 

There shou ld  be two ex tended  l u n a r  s u r f a c e  m i s s i o n s  p e r  
y e a r  s t a r t i n g  about  one y e a r  a f t e r  t h e  f i r s t  manned l u n a r  
l a n d i n g .  

There shou ld  be two S a t u r n  V e a r t h  o r b i t a l  m i s s i o n s  p e r  
y e a r ,  i n  a combinat ion  of  synchronous and p o l a r  o r b i t s .  

The f i r s t  g u i d e l i n e  means t h a t  a t  l e a s t  f o u r  Sa-V and 
f o u r  S/C p e r  y e a r  would be devoted  t o  t h e  l u n a r  program s i n c e  an  
extended m i s s i o n  now r e q u i r e s  a  d u a l  l aunch .  The remain ing  Sa-V 
can b e s t  be used  i n  e a r t h  o r b i t  by p l a c i n g  pay loads  i n t o  e i t h e r  
synchronous o r  p o l a r  o r b i t s ,  e i t h e r  of which r e q u i r e  t h e  Sa-V 
c a p a b i l i t y .  

I n  a d d i t i o n  t o  t h e s e  g u i d e  l i n  s ome more o r  l e s s  obvious  
sequenc ing  g u i d e l i n e s  have been assumed ? V ? I ~  : 

There shou ld  be a  g r a d u a l  e v o l u t i o n  of  m i s s i o n  c a p a b i l i t y  
by q u a l i f y i n g  d i f f i c u l t  m i s s i o n s  on e a r l i e r  f l i g h t s  i f  
p o s s i b l e ,  a l t h o u g h  no f l i g h t s  have been u n i q u e l y  a s s i g n e d  
f o r  q u a l i f i c a t i o n .  



2.2.5 Missions should be scheduled so that time is available 
to use data from one flight to optimize the next flight 
in a mission class. 

2-3 MISSION TYPES 

The mission types listed below have been assumed for 
the AES. Specific data are presented here for convenience. The 
derivation of the data is discussed in other sections of this 
paper and in other parts of this report. 

Earth Orbital 

Inclinations: O0 to 90' 

Altitude: About 200 n mi or synchronous 

Duration: up to 45 days 
0bj.ectives: Experiments concerning biomedical/behavioral 

aspects of man, observations of zero-g 
ett'ects, earth oriented applications, 
~ ~ s t r ~ o n o r r i y ,  space operations and technology, 
and advanced subsystems development. 

Hardware: Modified CSM and LEM (LEM-Lab) 
Saturn IB or Saturn V 

Lunar Orbital 

Inclinations: O0 to 90' 

Altitude: 80 n mi or lower 

Duration: up to 28 da,ys plus transit time 

Objectives: Multispectral mapping and survey of the moon 

Hardware: Modified CSM and LEM (LEM-Lab) 
LEM descent stage for extra propulsion 
Saturn V 

Lunar Surface 

Duration: Up to 14 days 

Objectives: Extended exploration of lunar surface 

Hardware: Modified CSM and LEMs (LEM-Taxi, LEM-Shelter) 
LEM descent stage 
Saturn V, 
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2 4 LAUNCH VEHICLE AND SPACECRAFT CAPABILTTIES 

Launch v e h i c l e  and S/C hardware used f o r  AES i s  planned t o  
he d e r i v e d  from b a s i c  Apollo hardware i n  accordance  w i t h  2 .1 .2 .  

2 . 4 . 1  P ropu l s i on  and T r a j e c t o r y  C a p a b i l i t y  

The p r o p u l s i o n  and t r a j e c t o r y  c a p a b i l i t i e s  of  t h e  SM, and 
t h e  Sa-IB and Sa-V launch  v e h i c l e s  a r e  d i s c u s s e d  i n  P a r t  I1 of  t h i s  
r e p o r t .  I n  t h a t  d i s c u s s i o n  t h e  fo l l owing  g s t i f i a t e s  BPe e s p e k i a l l y  
s i g n i f i c a n t  : 

2 .4 .1 .1  Or t i t a l  a l t i t u d e s  f o r  e a r t h  o r b i t a l  m i s s ions  must be 
about  200 n  m i  f o r  AES s a t e l l i t e  l i f e t i m e  0.f a t  l e a s t  45 
days .  

2.4.1.2 The Sa-IB ha s  t h e  c a p a b i l i t y  t o  i n s e r t  about  31,100 l b s .  
o f  payload ( n o t  i n c l u d i n g  t h e  LEM a d a p t e r )  i n t o  200 n  mi'  
low i n c l i n a t i o n  o r b i t  w i t h  two b u n s  o f  t h e  SM. Th i s  
c a p a b i l i t y  s e t s  t h e  lower l i m i t  f o r  AES m i s s i o n s ,  and i s  
f e l t  t o  be a c o n s e r v a t i v e  e s t i m a t e .  

2 .4 .1 .3  The s t r u c t u r a l  p r o p e r t i e s  o f  t h e  S-IVB s t a g e  l i m i t  t h e  
payload c a p a b i l i t y  of  t h e  Sa-V i n  low i n c l i n a t i o n  e a r t h  
o r b i t  t o  t h e  s t a c k  l i m i t  of  110,000 l b s .  A two-s tage  Sa-V 
wi thou t  t h e  S-IVB cou ld  conce ivab ly  i n s e r t  240,000 l b s ,  
i n t o  low i n c l i n a t i o n  e a r t h  o r b i t ;  however, t h e  u se  o f  t h i s  
c o n f i g u r a t i o n  would r e q u i r e  t h e  development of  a n  a d a p t e r  
f o r  t h e  pay load .  

I I 7 - 4 . 4 . 1 . 4  The c a p a b i l i t y  o f  t h e  Sa-V i n  synchronous e a r t h  o r b i t  i s  
about  63,000 l b s .  a t  28O and 5 5 , 0 0 0 J . b ~ .  a t  O 0  i n c l i n a t i o n .  - 

I 

2.4 .1 .5  The c a p a b i l i t y  of  t h e  Sa-V i n  p o l a r  e a r t h  o r b i t  depends 
c r i t i c a l l y  on t h e  l aunch  p r o f i l e .  A niinimum weight  of  
40,000 l b s .  seems p o s s i b l e  and weigh t s  up t o  t h e  110,000 
l b ,  s t a c k  l i m i t  may be p o s s i b l e  by modifying p r e s e n t  r ange  
s a f e t y  l i m i t s  and/or  maneuvering c o n s t r a i n t s  d u r i n g  l aunch .  

2 .4 .2  Extended CSM (XCSM) 

The AES as p r e s e n t l y  conceived r e q u i r e s  t h e  m o d i f i c a t i o n  o f  
t h e  Apollo 'CSM I1 t o  p rov ide  f o r  extended d u r a t i o n  mi s s ions .  The 
m o d i f i c a t i o n s ,  p r i m a r i l y  i n  t h e  SM, a r e  most e x t e n s i v e  i n  t h e  
e l e c t r i c a l  power sys tem (EPS) where t h e  a d d i t i o n  of  two o r  t h r e e  
f u e l  c e l l s  and a s s o c i a t e d  c ryogen i c s  may be nece s sa ry .  Also ,a  
p r e l i m i n a r y  s t u d y  by NAA of a l o n g  d u r a t i o n  l u n a r  mapping mi s s ion  
i n d i c a t e s  a  need t o  supp ly  a g r e a t  d e a l  more r e a c t a n t s  f o r  a t t i t u d e  
s t a b i l i z a t i o n .  A l l  t h e  nece s sa ry  m o d i f i c a t i o n s  appea r  t o  be ex ten-  
s i o n s  of p r e s e n t  sys tems w i t h  no major  new development r e q u i r e d .  
These m o d i f i c a t i o n s  are  d i s c u s s e d  i n  P a r t ,  I11 of t h i s  r e p o r t .  - 
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The extended CSM discussed in this interim report is 
conceived to be a general purpose module capable of use for any AES 
mission. It is therefore sized by the longest and/or most difficult 
mission to be accomplished. Such a module leads directly to the 
flexibility desired in the AES.without incurring excessive penalties 
for any particular mission. In addition, the provision of only 
one modified version of the Apollo CSM should simplify the manage- 
ment of the program. 

A preliminary estimate of the changes to the CSM I1 necessary 
for AES indicate a total weight increase of about 6000 lbs., as 
shown in the following table. This increase in weight Would result 
in a module capable or'supporting a 3-man crew up to about 45 days 
in earth orbit or for a 35-day lunar mapping mission. Significant 
weight capability of the propulsion systems remains for inclusion 
of experiments. 

EXTENDED CSM FOR AES 

APOLLO CSM modified for extended duration missions 

Basic Apollo CSM I1 

CM 

SM 

SPS Propellant 

Duration 

Assumed lifetime cf 12 days 
Provision for 38 man days 

Extended CSM (XCSM) 

weight required beyond Apollo CSM I1 
Environmental Control System 660 
LiOH 300 
Oxygen 360 

Electrical Power System 
Two fuel cells 500 
Reactants 1540 
Tahkage 490 

Miscellaneous 

Reaction Control for Mapping8 
Reactants 1600 

11,000 lbs 

10,000 

40,000 
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The 2200 lbs needed for reaction control for mapping 
depends on the specific profile of the mapping mission. It is felt 
that adequate mapping could be done with less weight. An arbitrary 
assumption has been made that 1100 lbs would be sufficient. Using 
these estimated numbers, a standard 45 day AES XCSM would weigh: 

Basic CSM 

Modifications 

SM Fuel for retro 

Lem Derivatives 

The proposed AES requires the provision of additional 
pressurized volume for orbital experiments and of spacecraft capable 
of extended operations on the lunar surface. At this time it has 
been suggested that the Apollo LEM be modified for these missions. 
Details of the modifications are discussed in Part IV of this report. 

The LEM-Lab is conceived to be a LEM ascent stage modified 
for use as a laboratory for orbital experiments. The lab would be 
completely dependent on the CSM to support the crew. A summary of 
the types of modifications and pertinent weights now estimated is 
given below and a discussion follows: 

LEM-Lab for AES 

LEM Ascent Stage Modified to Provide Volume for Orbital Experiments. 

Basic Apollo LEM Ascent Stage 10,000 lbs. 

Structure 
Fuel 
Expendables 
Other Systems 

Duration 
Idle time - 10 days 
Active time (2 men) - 2 days 

Minimum Modification LEM-Lab 

Offload fuel and expendables 

Maximum Modification LEM-Lab* 

Structure plus minimum wiring,lighting 
(Doeg not,include adapter mounting) 

LEM-Shelter Used as LEM-Lab 

Designed for lunar surface use 
"Used for AES planning 



LEM-Lab f o r  AES (Cont inued)  

LEM Ascent S t age  M ~ d i f i e d  t o  Prov ide  Volume 

LEM Descent  S t age  Used f o r  E x t r a  P ropu l s i on  

Dry weight  
P r o p e l l a n t  

f o r  O r b i t a l  Experiments  

4000 
16000 

Ground r u l e  2 .1 .3  means t h a t  s p a c e c r a f t  would be modi f i ed  
a f t e r  p roduc t i on  a s  s t a n d a r d  Apol lo  s p a c e c r a f t .  The re fo r e  a  
minimum m o d i f i c a t i o n  would be merely t o  o f f l o a d  t h e  t a n k s .  Such 

3 a  Lab would weigh< about  4000 l b s . ,  have a  volume of  about  180 f t  , 
and cou ld  be u s e f u l  d u r i n g  t h e  e a r l y  AES p e r i o d  i f  p rov ided  w i t h  easy  
i n t e g r a t i o n  of  an  expe r imen t a l  package. 

A maximum m o d i f i c a t i o n  i n  t h e  s ense  of  t h e  ground r u l e  
would be t o  s t r i p  complete ly  t h e  LEM a s c e n t  s t a g e ,  p r o v i d i n g  on ly  t h e  
b a s i c  s t r u c t u r e  and minimum w i r i n g ,  l i g h t i n g ,  e t c .  A c t u a l l y ,  d u r i n g  
t h e  l a t e r  s t a g e s  of  t h e  AES i t  might be p r e f e r a b l e  s imply t o  p u l l  
such a s t r u c t u r e  o f f  t h e  p roduc t i on  l i n e  b e f o r e  i t  i s  c l u t t e r e d  up 
w i t h  Apol lo  subsys tems.  I n  t h i s  c a se ,  t h e  "mod i f i c a t i ons "  would be 
minimal.  Thi  m o d i f i c a t i o n  p a ~ v i d e s  t h e  maximum l a b o r a t o r y  volume 3 (abou t  2 4 0  f t  ) w i t h  a  minimum weight  of  about  1 2 0 0  l b s .  I n  f u t u r e  
d i s c u s s i o n ,  t h i s  s h a l l  be i d e n t i f i e d  as t h e  LEM-Lab. Th i s  l a b ,  
added t o  t h e  XCSM, r e s u l t s  i n  a b a s i c  AES s p a c e c r a f t  weighing about  
28,000 1b.s. s u i t a b l e  f o r  o r b i t a l  u se  up t o  about  45 days .  

An a d d i t i o n a l  concept  i s  t o  u s e  t h e  LEM-Shelter, which i s  
d i s c u s s e d  i n  t h e  nex t  s e c t f o n ,  a s  a l a b  i n  o r d e r  t o  minimize t h e  
number o f  LEM d e r i v a t i v e s .  The S h e l t e r  i s  heavy bu t  cou ld  p rov ide  
f o r  abou t  1 4  days of  l i f e  suppo r t  f o r  t h e  crew. I n  t h i s  c a s e  a l e s s  
e x t e n s i v e  m o d i f i c a t i o n  o f  t h e  CSM might be r e q u i r e d  f o r  l ong  d u r a t i o n  
mi s s ions ;  o r ,  extended t imes  cou ld  be s p e n t  s e p a r a t e d  from t h e  CSM. 
These concep t s  a r e  i n d i c a t i v e  o f  t h e  t y p e s  o f . f l e x i b l e  u se  p o s s i b l e  
w i t h  t h e  b a s i c  Apollo modules. F u r t h e r  s t udy  i s  nece s sa ry  t o  
de te rmine  t h e  f u l l  r ange  of  c a p a b i l i t y .  

F i n a l l y ,  f o r  m i s s ions  which r e q u i r e  e x t r a  p r o p u l s i o n ,  t h e  
LEM descen t  s t a g e  can be used.  Th i s  u n i t  has  a  t h r o t t l e a b l e  
eng ine  and f u e l  c a p a c i t y  c apab l e  o f  p r o v i d i n g  s i g n i f i c a n t  maneuvering 
f o r  a  s e p a r a t e d  LEM o r  f o r  t h e  e n t i r e  AES s p a c e c r a f t .  It i s  l i k e l y  
t h a t  t h i s  c a p a b i l i t y  would be nece s sa ry  t o  p rov ide  a n  e x t r a  margin 
f o r  a b o r t  d u r i n g  a n  extended l u n a r  o r b i t a l  m i s s ion .  



An objective df the AES is to extend the duration and 
capability of lunar surface missions. At this time it has been 
proposed that this extension be done through the use of two Sa-V 
launches to the moon, one carrying a Shelter with life support and 
experimental equipment, and one bringing a crew. The second 
mission will be discussed in the next section. The Shelter now 
under study is a modification of the Apollo LEM. 

The LEM-Shelter is intended to be delivered into lunar 
orbit as in a normal Apollo mission, then to be landed unmanned on 
the lunar surface. The Shelter must remain in a stared condition 
until the crew arrives a few weeks or months later. At this time 
the crew is intended to transfer to the Shelter for periods up to 
about 14 days. The Shelter also would contain equipment necessary 
for the lunar operations. A summary is given below of the modifi- 
cations which now appear necessary to convert an Apollo LEM into a 
Shelter. 

LEM-SHELTER FOR AES 

Modified LEM for unmanned delivery from lunar orbit and 14-day 
support of two men delivered by LEM-Taxi. 

LEM Descent Stage is Unmodified. 

LEM Ascent Stage is Modified for: 

Unmanned landing 
Pre-usage storage 
Support of two men for 14 days 
Delivery of experimental equipment 

Modifications 

REMOVE 

Ascent propulsion 
Other items 

ADD 

Structure 
Crew provisions 
ECS and EPS* 
Pre-usage storage* 

PAYLOAD FOR EXPERIMENTS 

'Assume closed cycle system and redesign of hydrogen tanks 



Removal of the ascent propulsion provides for a significant 
amount of weight for modifications and experiments. At this time, 
the provision for unmanned landing is under study by MIT and does 
not appear to be extremely difficult if the lunar surface is suitable 
for an Apollo landing. 

The provision of' expendables for the crew for a period of 
about 14 days does not appear to be a major problem if the environ- 
mental control system of the LEM is modified to make use of water 
generated by the fuel cells in the electrical power system. Such a 
closed cycle system is used in the CSM. The numbers in the-preceding 
table assume that this modification will be made. There are two 
problems yet to be resolved. One concerns storage of hydrogen for 
EPS and ECS. If a closed cycle EPS-ECS system is installed, a pre- 
usage storage time of 3-6 months could be provided for about 800 lbs 
penalty if the hydrogen tanks were also redesigned. If no tank 
redesign is done, a storage time of about 45 days appears to be possible 
within an 800 lb penalty by adding one additional hydrogen tank of 
the present design and more insulation. 

The second problem is that OF radiation shielding for the 
crew. If no additional shielding is provided, there is about a 
28% chance of an abort being required due to radiation during a 14 
day surface stay time. Means of reducing this probability must be 
investigated. It is possible that additional weight would be necessary 
for this purpose. Therefore, preliminary estimates of modifications 
and weights indicate that about 3000 lhs. will be available for lunar 
surface experiments. This is more than an order of magnitude increase 
in experimental weight over that available with Apollo. 

It is possible that minor modifications could be incorporated 
into the Apollo LEM to increase the surface stay time moderately, 
e.g., 3 or 4 days. However, no substantial increase in time or in 
experimental weight can be achieved without uprating the LEM descent 
propulsion. The capability of this propulsion system fixes the 
amount of weight which can be delivered to the surface irrespective 
cf other improvements in the launch vehicle or CSM performance. 

It is also worth noting that the development of techniques 
for unmanned landing and pre-usage storage for the Shelter could 
lead to even greater lunar surface payloads with the LEM-Truck, which 
is simply an automated LEM descent stage. The major problems in 
design of the LEM-Truck must be solved for a Shelter modification. 
However, provision of the LEM-Truck should be accompanied wLth design 
of payloads which make optimum use of its capability, and therefore are 
slightly beyond present AES planning. 
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The LEM-Taxi has been proposed to deliver the crew to 
the LEM-Shelter for extended lunar surface missions. The Taxi 
must wait in a quiescent mode until the crew is ready to return 
and then transport them into orbit for rendezvous with the XCSM. 
The modifications to the LEM now thought to be necessary are 
summarized in the following table. 

LEM-TAXI FOR AES 

Modified LEM for delivery of two men near LEM-Shelter on Lunar 
surface, quiescent storage for 14 days, and return of crew to XCSM. 

Modifications 

REMOVE 
Scientific equipment ,TV 

ADD 
Expendables 25 
Meteoroid shielding and insulation 70 
Water 

Assumes two fuel cells can be shut down and restarted, one idles. 

If all fuel cells must idle, then require additional reactants, 
cooling water, tankage estimated at 400 to 1000 lbs. 

These numbers are based on the assumption that two of the 
fuel cells in the LEM-Taxi can be shut down and restarted when needed. 
Preliminary study indicates that this should not be a problem if the 
Apollo requirements for fuel cells are successfully met. 

From a philosophical point of view, the LEM-Taxi mission 
may be the one which could be most improved by some upgrading of the 
LEM descent propulsion system. The LEM-Taxi must do everything the 
Apollo LEM does plus remain on the surface for 14 days. The only 
weight tradeoff now contemplated involves removal of experimental 
equipment. This does not yield a large weight reserve and also makes 
the usefulness ofthe!~mission completely dependent on the LEM-Shelter. 
However, it also may be likely that experience with the Apollo LEM 
will reveal areas in which weight can be reallocated while maintain- 
ing adequate mission safety probabilities. An example of this is the 
weight required for hover fuel in the Apollo LEM. 
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A fundamental problem remains in determining the area 
of the ,lunar surface which is accessible for extended missions. 
A discussion of this problem is contained in Part I1 of this report. 
It seems that AES planning shouldjbe based on missions in the nominal 
Apollo landing zone until more information is available. 

Summary of Weights 

The following table summarizes the launch vehicle per- 
formance and spacecraft weights being used for AES planning. It 
should be understood that these numbers depend on many assumptions 
concerning operations and mission profiles and may therefore change 
as more definitive information becomes available. The experimental 
payload weights are felt to be conservative. Larger experimental 
payloads could be obtained for shorter duration missions or for 
missi~ns with no mapping. 

SUMMARY OF WEIGHTS 

~vli's's ion' 

EARTH ORBIT 

Saturn IB 
Low Inclination, 

Saturn V 
Low Inclination 
Synchronous 
Polar 

LUNAR MISSIONS 

Saturn V 
Orbital 
Surface 
Shelter 
Taxi 

Launch Vehicle 
Performance 

110,000 
55,000 
40,000 min 

Experiment a1 
Payload 

78,500 
8,500 
8,500 rnin 

8,000 - 
3,200 
zero 

Spacecraft includes XCSM and LEM-Lab with provisions for 45 days for 
orbital missions. Lunar orbital mission includes fully fueled SM 
and LEM descent stage for extra propulsion. 

*Includes 16,000 lbs. SM propellant for retro. 



BELLCOMM, INC. 

2.5 LAUNCH FACILITIES AND EQUIPMENT 

Launch operations and facilities for the AES are discussed 
in Part VIII of this report. It is planned that no extensive 
modifications to the Apollo facilities will be required for the 
AES except possibly for more checkout crews to support the suggested 
launch rate. Also provisions must be made for checkout of the AES 
experiments. An exception to the modification conclusion is that 
pads 34 and 37B must both be reconfigured for S-IB/Centaur if 
closely spaced ( Q  l/month) launches of these unmanned vehicles 
are desired. 

The estimated limits on successive launches are summarized 
below: 

For Saturn-IB or Saturn-IB/Centaur: 

3 month pad turn-around time for Sa-IB 
1 additional month to reconfigure from Sa-IB to 
Sa-IB/Centaur or vice versa. 

For Saturn V: 

4 month pad turn-around time nominal 
2 month pad turn-around time for short intervals 

These constraints have been used as guides in scheduling AES missions 
in the Flight Missions Assignment Plan, 

OTHER SYSTEMS CONSTRAINTS 

There are many other constraints which must be eventually 
determined for AES planning. Cursory looks have been taken into 
several areas, but time has not allowed a thorough examination. Some 
areas which must be examined are: 

1. Mission control -- the possibility of controling 
multiple missions must be determined. 

2. Communications -- the need for additional communica- 
tions capability must be determined. 

3. Recovery procedures -- recovery of S/C at the rate 
of 8 a year must be studied. 

4. Abort procedures -- the problem of abort procedures 
may have significant implications for AES missions. 
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AES MISSIONS 

Missions f o r  t h e  AES have been d i s cus sed  i n  two gene ra l  
c a t e g o r i e s :  

Lunar: P a r t  V of  t h i s  r e p o r t  

E a r t h  O r b i t a l :  P a r t  V I  of  t h i s  r e p o r t  

I n  t h e  r e s p e c t i v e  p a r t s  t h e  o b j e c t i v e s  and r a t i o n a l e  f o r  
l u n a r  and e a r t h  o r b i t a l  miss ions  a r e  d i s cus sed  i n  more d e t a i l .  
Some of t h e  more p e r t i n e n t  conc lus ions  a r e  summarized he re  and 
t h e  proposed sequence of f l i g h t s  f o r  t h e s e  programs i s  i l l u s t r a t e d .  

3 . 1  LUNAR PROGRAM 

One of t h e  o b j e c t i v e s  o f  t h e  AES i s  t o  exp lo re  t h e  moon 
i n  o r d e r  t o  i l l u m i n a t e  s c i e n t i f i c  ques t i ons  concerning i t s  o r i g i n ,  
e v o l u t i o n ,  and i n h e r e n t  p r o p e r t i e s  a s  w e l l  as t o  i n v e s t i g a t e  i t s  
r e l a t i o n s h i p  t o  o t h e r  bodies  i n  t h e  s o l a r  system. I n  a d d i t i o n ,  
a  g r adua l  bu i ldup  of  technology i s  sought t o  p rov ide  f o r  o r d e r l y  
ex t ens ion  of space  e x p l o r a t i o n -  a c t i v i t i e s  du r ing  follow-on 
grams, i f  such programs a r e  shown t o  be d e s i r a b l e .  

To o b t a i n  a s i g n i f i c a n t  s c i e n t i f i c  r e t u r n  from t h e  l u n a r  
program, i t  appears  t o  be d e s i r a b l e  t o  c a r r y  out  l a r g e  a r e a  surveys  
from l u n a r  o r b i t  a s  w e l l  as extended l u n a r  s u r f a c e  miss ions .  

3 .1 .1  Lunar O r b i t a l  Missions 

The o b j e c t i v e  of  l u n a r  o r b i t a l  miss ions  i s  t o  survey l a r g e  
a r e a s  o f  t h e  moon which a r e  i n a c c e s s i b l e  t o  s u r f a c e  miss ions  ( e i t h e r  
manned o r  unmanned), which a r e  p o t e n t i a l  s i t e s  f o r  extended s u r f a c e  
miss ions ,  o r  which o f f e r  i n t e r e s t i n g  p o s s i b i l i t i e s  f o r  s u r f a c e  
checks bu t  d o n ' t  appear  worthy of  a  manned s u r f a c e  miss ion .  Obvi- 
ous ly  any such l a r g e  a r e a  coverage would s e r v e  t o  e x t r a p o l a t e  know- 
ledge  from s u r f a c e  miss ions  t o  o t h e r  similar a r e a s .  The d e s i r e d  
i n fo rma t ion  could  be ob t a ined  through t h e  use o f  remote s enso r s  
(cameras,  r a d a r ,  e t c .  ) and o r b i t - t o - s u r f a c e  p robes ,  such a s  Surveyor 
d e r i v a t i v e s .  An example of a t y p i c a l  o r b i t a l  survey payload i s  
g iven  ' in t h e  fo l lowing  t a b l e .  
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LUNAR ORBITAL SURVEY PAYLOADS $8,000 l b s .  

Remote Sensors  ~ 2 , 0 0 0  Ibs.4, 2  kw, 80 f t 3  

Probes - 

Photography - geology 
M u l t i s p e c t r a l  photography - geology,  composit ion 
Radar - geology 
UV - Mineralogy 
I R  - Mineralogy, geology, the rmal  s t r u c t u r e  
y-Ray - e l emen ta l  composit ion 
X-Ray - e l emen ta l  composit ion 
Grav i ty  - geology,  se lenodesy 
Pas s ive  Microwave - the rmal  s t r u c t u r e  
VHF R e f l e c t i v i t y  - s u r f a c e  e l e c t r i c a l  p r o p e r t i e s  

2-6 Surveyor d e r i v a t i e s ,  $200-300 l b s .  payload 

Sur face  Composition - x-ray, neu t ron  a c t i v a t i o n ,  TV, e t c .  
Lunar Environment - seismology,  p a r t i c l e s  and f i e l d s  , e t c .  

It would be d e s i r a b l e  t o  a l t e r n a t e  o r b i t a l  miss ions  and 
l u n a r  s u r f a c e  miss ions  i n  o r d e r  t o  c o r r e l a t e  bo th  t ypes  o f  d a t a  t o  
enab le  p roper  p l ann ing  o f  each succeeding miss ion .  The o r b i t a l  m i s -  
s i o n s  a r e  planned t o  i n c r e a s e  i n  d i f f i c u l t y  d u r i n g  t h e  course  of  t h e  
program by p r o g r e s s i n g  from moderate d u r a t i o n  miss ions  w i th  moderate 
o r b i t a l  i n c l i n a t i o n s  ( t h e r e b y  s i m p l i f y i n g  t h e  a b o r t  problem) t o  long  
d u r a t i o n ,  p o l a r  o r b i t a l  miss ions .  A summary of t h e  c h a r a c t e r i s t i c s  
of  o r b i t a l  miss ion c l a s s e s  i s  g iven  below. 

LUNAR ORBITAL SURVEY MISSION CLASSES 

Class I .  E q u a t o r i a l  ( 0 °  i n c l i n a t i o n )  

- Pass over  each e q u a t o r i a l  p o i n t  every two hours  
- See each g q u a t o r i a l  p o i n t  a t  a l l  l u n a r  phases  i n  

1. lo i n t e r v a l s  
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Class 11. I n c l i n e d  ( > 0 ° ,  <go0 )  

- Pass ove r  band o f  moon bounded i n  n o r t h  and s o u t h  
l a t i t u d e  by o r b i t a l  i n c l i n a t i o n  

- Pass  o v e r  each  a r e a  i n  band tw ice  i n  28 days ,  w i t h  
0 t o  1 4  day s e p a r a t i o n  

- Consecut ive  o r b , i t  a1 p a t h  s e p a r a t i o n  v a r i a b l e  from 
<O t o  t 3 3  km. 

Class 111. P o l a r  (90' i n c l i n a t i o n )  

- Pass  ove r  l u n a r  p o l e s  every  two hours  

- Pass  ove r  e n t i r e  moon tw ice  i n  28 days w i t h  14-day 
s e p a r a t i o n  

- Consecut ive  o r b i t a l  p a t h  s e p a r a t i o n  v a r i e s  from 
33 km a t  e q u a t o r  t o  0 a t  p o l e s  

- See e n t i r e  moon a t  2 phase  a n g l e s  ( ~ 1 4 ' )  

A s  p r e s e n t l y  conceived,  t h e  o r b i t a l  program r e q u i r e s  t h e  
a l l o c a t i o n  o f  a group o f  unique  f l i g h t s  w i t h  exper iments  mounted 
i n  a  Labora to ry  module. It shou ld  be p o i n t e d  ou t  t h a t  a  s i g n i f i c a n t  
amount of t ime  i n  o r b i t  occurs  d u r i n g  o t h e r  AES and Apollo m i s s i o n s .  
The re fo r e ,  some o f  t h e  o b j e c t i v e s  o f  t h e  o r b i t a l  program cou ld  be 
ach i eved  d u r i n g  t h e s e  miss ions  i f  t h e  s e n s o r s  cou ld  be e a s i l y  i n t e -  
g r a t e d  w i t h  t h e  s p a c e c r a f t .  However, i t  i s  u n l i k e l y  t h a t  p o l a r  
o r b i t a l  o r  probe d e l i v e r y  mi s s ions  cou ld  be c a r r i e d  ou t  i n  conjunc- 
t i o n  w i t h  o t h e r  m i s s ions .  

3 .1 .2  Lunar Su r f ace  Miss ions  

The l u n a r  s u r f a c e  mi s s ions  proposed f o r  t h e  AES a r e  i n -  
t ended  t o  p rov ide  a  s i g n i f i c a n t  i n c r e a s e  i n  s c i e n t i f i c  r e t u r n  from, 
t h e  moon by: 

(1) I n c r e a s i n g  t h e  s u r f a c e  s t a y  t ime  
( 2 )  I n c r e a s i n g  t h e  s c i e n t i f i c  i n s t rumen t  a t i o n  
( 3 )  I n c r e a s i n g  a s t r o n a u t  m o b i l i t y .  



Through t h e  use of t h e  LEM-Shelter and t h e  LEM-Taxi, 
a s t r o n a u t s  would be a b l e  t o  work on t h e  moon f o r  about two weeks 
compared w i t h  one day f o r  Apollo.  The i r  work should  a l s o  be more 
e f f i c i e n t  through proper  de s ign  of t h e  s h e l t e r  and exper imenta l  
equipment, and i t  should  cover  a  l a r g e r  a r e a  through t h e  p r o v i s i o n  
o f  a mob i l i t y  a i d  such a s  a  sma l l  r ov ing  v e h i c l e .  During an AES 
l u n a r  s u r f a c e  miss ion,  t h e  crew would be a b l e  t o  conduct g e o l o g i c a l  
and geophys ica l  exper iments ,  survey an immediate a r e a ,  sample t h e  
l u n a r  m a t e r i a l  wi th  a core  d r i l l ,  and s e t  up an unmanned emplaced 
s c i e n t i f i c  s t a t i o n  which w i l l  remain t o  ope ra t e  f o r  long pe r iods  of 
t ime .  An example of  a weight a l l o c a t i o n  f o r  a  t y p i c a l  miss ion i s  
shown below: 

SAMPLE 14-DAY LUNAR SURFACE MISSION - 

:*H 
3,200 l b .  S c i e n t i f i c  Payload Avai lab le  Zn ZEN-shel ter  

1,500 l b .  v e h i c l e ,  300 km range,  10 km r a d i u s  of  ope ra t i on  

400 l b .  emplaced s c i e n t i f i c  s t a t i o n  

300 l b .  d r i l l i n g  equipment 

300 l b  . geophys ica l  and g e o l o g i c a l  equipment 

The LEM-Shelter s e r v e s  bo th  a s  l i v i n g  q u a r t e r s  f o r  t h e  
crew and a l s o  as a  l a b o r a t o r y  where p re l imina ry  sample a n a l y s e s ,  
p r e p a r a t i o n  and packing can be done. The i n s t rumen t s  i n  t h e  l abo ra -  
t o r y  could  p o s s i b l y  be de r ived  from advanced Surveyor exper iments .  
Seve ra l  hours  p e r  day could  be spen t  moni to r ing  d a t a  ga the red  by 
t h e  emplaced s c i e n t i f i c  s t a t i o n .  This  s t a t i o n  would r e q u i r e  one o r  
two days t o  s e t  up and would t hen  ope ra t e  una t tended  f o r  perhaps  a 
y e a r .  An example o f  p o s s i b l e  exper iments  f o r  t h e  emplaced s c i e n t i f i c  
s t a t i o n  i s :  

Gravimeters 

Seismometers 

Rad ia t i on  De tec to r s  

S o l i d  P a r t i c l e  De tec to r s  

Mass Spectrometer  T e l e v i s i o n  

Magnetometer Bore-Hole Probes 



An experiment of major importance i s  t h e  l u n a r  d r i l l .  
Recent d a t a  i n d i c a t e  t h e  p o s s i b i l i t y  of  t h e  moon's be ing  covered 
w i th  a r a t h e r  uniform l a y e r  of "gardened" m a t e r i a l .  If t h i s  i s  
t h e  ca se ,  i t  w i l l  be necessary  t o  d r i l l  under i t  t o  observe t h e  
b a s i c  s t r u c t u r a l  m a t e r i a l .  I n  any ca se ,  core  d r i l l i n g ,  a n a l y s i s  
of  t h e  sample, and logg ing  of  t h e  d r i l l  ho l e  w i l l  p rov ide  extremely 
i n t e r e s t i n g  i n fo rma t ion .  

The rov ing  v e h i c l e  envisaged f o r  t h e  extended l u n a r  
miss ion  should  be a b l e  t o  c a r r y  an a s t r o n a u t  i n  h i s  space  s u i t  
throughout  an immediate a r e a  of  approximately  s i x  mi les  i n  r a d i u s  
and a l s o  c a r r y  some s c i e n t i f i c  equipment. The range o f  t h e  r o v e r  
i s  l i m i t e d  by weight  and a l s o  by s a f e t y  c o n s i d e r a t i o n s  i n  t h a t  i t  
seems r ea sonab le  t o  r e s t r i c t  t h e  range t o  t h e  d i s t a n c e  which a  man 
can walk i n  a space s u i t  wi th  h i s  backpack. I f  t h e  moon i s  homo- 
geneous over  l a r g e  a r e a s ,  e . g . ,  i s  "gardened", t h e  r o v e r  may no t  
g r e a t l y  i n c r e a s e  t h e  amount o f  s c i e n t i f i c  r e t u r n .  

A t  t h e  p r e s e n t  t ime i t  appears  t h a t  a g r e a t  d e a l  of t ime 
can be spen t  by t h e  a s t r o n a u t s  i n  c a r r y i n g  ou t  e x t e n s i v e  g e o l o g i c a l  
and geophys i ca l  surveys  over  r e l a t i v e l y  sma l l  a r e a s .  The informa- 
t i o n  can t h e n  be e x t r a p o l a t e d  t o  l a r g e r  a r e a s  through t h e  use of 
o r b i t a l  reconna issance .  

3 .1 .3  p re l imina ry  F l i g h t  A l loca t ions  

A p r e l imina ry  l i s t  of f l i g h t  a l l o c a t i o n s  f o r  t h e  l u n a r  
program i s  given below, w i t h  some remarks.  The o r b i t a l  and s u r f a c e  
miss ions  a l t e r n a t e .  S p e c i f i c  sequence d a t a  a r e  d i s c u s s e d  l a t e r  i n  
s e c t i o n  4 . 7 .  Note t h a t  only t h r e e  o r b i t a l  miss ions  and only  t h r e e  
s u r f a c e  miss ions  have been a s s igned .  It i s  l i k e l y  t h a t  t h i s  w i l l  
be i n s u f f i c i e n t  t o  meet t h e  o b j e c t i v e s  o f  l u n a r  e x p l o r a t i o n .  I f  
t h i s  were t h e  c a s e ,  t h e  l u n a r  program could  be expanded by a l l o c a t -  
i n g  more miss ions .  However, an a l t e r n a t i v e  means would be t o  
i n c r e a s e  t h e  c a p a b i l i t y  o f  succes s ive  s u r f a c e  miss ions  through 
p ropu l s ion  u p r a t i n g  and/or t h e  i n c l u s i o n  of LEM-Truck payloads .  
O r b i t a l  survey miss ions  could  be improved i n  d u r a t i o n  and i n  type  
and number of probes  a v a i l a b l e .  





The e a r t h  o r b i t a l  program i s  i n t ended  t o  c a p i t a l i z e  on 
t h e  unique a b i l i t i e s  o f  a t r a i n e d  obse rve r  t o  e v a l u a t e  and i n v e s t i -  
g a t e  as w e l l  a s  t o  s e l e c t  and manipula te  exper imenta l  equipment. 
Th is  f l e x i b i l i t y  would be u t i l i z e d  by p rov id ing  a  v a r i e t y  of 
exper imenta l  equipment on each f l i g h t .  Man's d i s c r i m i n a t i o n  
a b i l i t y  i s  p a r t i c u l a r l y  impor tan t  i n  s e l e c t i n g  t h e  most u s e f u l  
d a t a  t o  r eco rd  and r e t u r n .  

A s  an o r g a n i z a t i o n a l  s t e p  t o  t r a n s l a t e  t h e  g e n e r a l  e a r t h  
o r b i t a l  o b j e c t i v e s  t o  t h e  F l i g h t  Mission Assignment P lan ,  f o u r  
miss ion  c l a s s e s  have been de f ined :  

E a r t h  o r i e n t e d  a p p l i c a t i o n s  

Astronomy 

Biomedical /behavioral  

Space opera t ions / technology  

Each c l a s s  w i l l  be b r i e f l y  d i s c u s s e d  i n  t h e  fo l lowing  
s e c t i o n s  and t h e  assignment o f  f l i g h t s  i n  t h e  p re l imina ry  AES FMAP 
w i l l  be g iven.  It should  be no ted  t h a t ,  because o f  t h e  f l e x i b i l i t y  
o f  exper iments ,  many types  o f  obse rva t ions  may be c a r r i e d  out  on 
each f l i g h t .  However, each  f l i g h t  has  been ass igned  t o  a  miss ion  
c l a s s  t o  i n d i c a t e  t h e  f i rs t  p r i o r i t y  obse rva t ions  f o r  t h a t  f l i g h t .  
Another way of i n d i c a t i n g  t h e  major purpose of  a  f l i g h t  i s  t o  
a s s o c i a t e  wi th  i t  a  s k i l l e d  crew member, such a s  a' medical  crewman 
f o r  biomedical/behavLoral  f l i g h t s ,  e t c .  A ma t r ix  w i l l  be shown i n  
s e c t i o n  3 .2 .5  t o  i n d i c a t e  t h e  combinations o f  obse rva t ions  on 
v a r i o u s  f l i g h t s .  

It should  a l s o  be no ted  t h a t  t h e r e  a r e  o t h e r  types  of  
miss ions  which have no t  been inc luded ,  such as communications. A s  
t h e  AES s t u d i e s  p r o g r e s s ,  o t h e r  miss ions  may be added and/or o t h e r  
miss ion  c l a s s e s  c r e a t e d .  There fore ,  t h i s  l i s t i n g  i s  no t  meant t o  
be t o t a l l y  i n c l u s i v e  bu t  i s  r e p r e s e n t a t i v e  of e a r t h  o r b i t a l  miss ions  
s u i t a b l e  f o r  AES. 

3 .2 .1  E a r t h  Or ien ted  Appl ica t ions  Missions 

With t h e  c a p a b i l i t y  o f  t h e  AES program, man could observe 
a g r e a t  v a r i e t y  o f  f e a t u r e s  bo th  on and above t h e  e a r t h ' s  s u r f a c e .  
Missions o f  t h i s  c l a s s  should  y i e l d  d a t a  concerning t h e s e  f e a t u r e s  
which w i l l  be of impor tan t  s c i e n t i f i c  i n t e r e s t  and may be of  v a s t  
p r a c t i c a l  i n t e r e s t  a s  w e l l .  The c a t a l o g  o f  sugges ted  a r e a s  of 
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i n v e s t i g a t i o n  i s  expanding almost  d a i l y .  A few of t h e  more impor tan t  
d i s c i p l i n e s  invo lved  a r e  meteorology,  oceanography, geology,  geo- 
graphy, hydrology,  a g r i c u l t u r e ,  f o r e s t r y ,  and upper atmospheric 
phys i c s .  I n  many cases  a  common exper imenta l  package w i l l  s e r v e  a  
v a r i e t y  o f  d i s c i p l i n e s .  

Of t h e  va r ious  d i s c i p l i n a r y  a r e a s ,  t h a t  of  meteorology 
can be used as an example of  t h e  type  of  AES miss ion envisaged.  
The exper imenta l  payload might i nvo lve  t h e  use of  i n s t rumen t s  t o  
measure t h e  e x t e r n a l  f a c t o r s  which a f f e c t  t h e  weather ,  such as 
s o l a r  r a d i a t i o n ,  and t o  d e s c r i b e  t h e  weather  t h a t  r e s u l t s  i n  terms 
of i t s  n a t u r e  and e x t e n t .  Remote s e n s o r  measurements might be 
supplemented by  t h e  d e l i v e r y  o f  probes  from o r b i t  o r  from t h e  
e a r t h  t o  e s t a b l i s h  t h e  "atmospheric t r u t h "  sampled by t h e  s e n s o r s .  
These measure.ments could t h e n  be c o r r e l a t e d  w i th  ground-based d a t a  
such a s  baromet r ic  p r e s s u r e ,  t empera ture ,  wind v e l o c i t y ,  e t c . ,  
which a r e  i m p r a c t i c a l  t o  measure from o r b i t .  The g o a l  of t h e  
meteorology miss ions  would be t o  unders tand  t h e  weather  system 
s u f f i c i e n t l y  w e l l  t o  p r e d i c t  t h e  weather ,  l e a d  t o  t h e  des ign  of 
an  economical o p e r a t i o n a l  weather  s a t e l l i t e  system (manned o r  
unmanned), and perhaps  p rog re s s  toward e v e n t u a l  c o n t r o l  o f  t h e  
weather .  S a t i s f a c t i o n  of  any of t h e s e  goa l s  would r e s u l t  i n  t r e -  
mendous p r a c t i c a l  b e n e f i t s  f o r  mankind. 

Missions o f  t h i s  c l a s s  could  be most u s e f u l  through t h e  
p r o v i s i o n  of a t r a i n e d  observer  w i th  a  f l e x i b l e  complement o f  
i n s t r u m e n t s .  There i s  an enormous amount of  d a t a  which could  be 
recorded;  only  a  sma l l  pe rcen tage  w i l l  be o f  c r i t i c a l  importance.  
The d i s c i r i m i n a t i o n  of a man can be used t o  determine what t o  look 
a t ,  how t o  observe i b ,  and of what importance t h e  r e s u l t s  a r e .  
Such a  " d a t a  f i l t e r u  can make optimum use of  t h e  weight  a v a i l a b l e  
t o  r e t u r n  d a t a  t o  e a r t h ,  and can avoid  t h e  p i le -up  o f  r e l a t i v e l y  
u n i n t e r e s t i n g  d a t a  on e a r t h .  I n  t h e  course  of making such d e c i s i o n s  
t h e  obse rve r  would d e f i n e  t h o s e  measurements which a r e  o f  most va lue  
and t h e r e f o r e  a f f e c t  t h e  payloads  of  f u t u r e  miss ions .  

The f l i g h t s  l i s t e d  nex t .  have been t e n t a t i v e l y  ass igned  
t o  t h e  E a r t h  Or ien ted  App l i ca t i ons  c l a s s .  
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AES PRELIMARY EARTH ORIENTED APPLICATIONS CLASS 

Orb i t  Durat ion Exp ' 1 
F l t  . nm/incl.  Days Spacec ra f t  W t  . ,Lbs. Remarks 

507 S  o r  P  10-14  Unmod. CSM&LEM AS 1 0 , 5  00 A l t e r n a t e  t o  
Apollo 

521 Synch 

Unmod.CSM&LEM AS 5 , 1 0 0  c/o o f  remote 
s enso r s  

3,100 Meteorology, 
oceanography, 
a g r i c u l t u r e  

30-45 XCSM&LEM-Lab 8 , 5 0 0  Meteorology, 
geophys ica l  

8 , 5 0 0  Meteorology, 
oceanography 

3.2.2 Astronomy Missions 

Astronomy i s  t h e  major p a r t  of a  c l a s s  of miss ions  i n t ended  
f o r  i n v e s t i g a t i o n  of e x t r a - t e r r e s t r i a l  phenomena. Such s t u d i e s  con- 
t r i b u t e  t o  our  s c i e n t i f i c  knowledge and may have p r a c t i c a l  app l i ca -  
t i o n s  i n  f i e l d s  such a s  c e l e s t i a l  n a v i g a t i o n  and deep space cornmuni- 
c a t i o n s .  The g o a l  of t h e  astronomy program would be t o  r eco rd  
a p p r o p r i a t e  p o s i t i o n ,  image, and s p e c t r a l  i n fo rma t ion  f o r  both  
o p t i c a l  and r a d i o  s o u r c e s .  The f a c t  t h a t  t h e  i n s t rumen t s  would be 
above most o f  t h e  e a r t h ' s  atmosphere extends  t h e  range of  measure- 
ment s and improves t h e i r  accuracy .  

The payload f o r  t h e  astronomy miss ions  would be comp-osed 
of an o p t i c a l  t e l e s c o p e  wi th  s u i t a b l e  f i l t e r s ,  cameras, e t c . ,  t o  
o p e r a t e  i n  bo th  an imaging and spec t ropho tome t r i c  mode; a  r a d i o  
t e l e s c o p e  t o  measure raddo wave f l u x  and s p e c t r a l  p r o p e r t i e s  a t  
wavelengths of 1 cm o r  l e s s ;  a  low frequency an tenna  f o r  measure- 
ments a t  wavelengths of 30 m o r  g r e a t e r ;  and a space r a d i a t i o n  
t e l e s c o p e  t o  measure cosmic r ay  and gamma r ay  f l u x  and energy 
s p e c t r a .  A t r a i n e d  observer  should  accompany t h e  miss ion  t o  make 
maximum use of  t h e  equipment. 
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So f a r  as t h e  a c t u a l  t ime of  t h e  miss ion  i s  concerned, 
t h e r e  a r e  many e v e n t s  i n  t h e  1969-1970 t ime p e r i o d  which w i l l  be 
o f  i n t e r e s t .  Examples a r e :  t h e  sun,  a t  t h e  peak o f  t h e  c u r r e n t  
sunspot  cyc l e ;  t h e  s o l a r  corona,  du r ing  t h e  t o t a l  e c l i p s e  of  
March 7, 1970; and t h e  p l a n e t s ,  such as Mars and Venus, du r ing  
i n f e r i o r  con junc t ion .  

A l i s t  fo l lows  which e x h i b i t s  t h e  f l i g h t s  t e n t a t i v e l y  
a s s igned  t o  t h e  astronomy c l a s s .  

AES PRELIMINARY ASTRONOMY CLASS 

O r b i t  Durat ion 
F l t .  nm/incl.  Days Spacec ra f t  

516 Synch 30-45 XCSM&LEM-Lab 

E x p l l .  
Wt.,Lbs. Remarks 

Telescope q u a l . ,  
obse rva t ions  

78,5008 Telescope up, 
obse rva t ions  

Rendezvous w i th  
523, con t .  a s t r o n -  
omy, begin  biomed. / 
b e h a v i o r a l  obser-  
v a t i o n s  

3,100 Rendezvous wi th  
229, con t .  a s t ron -  
omy & biomedical /  
b e h a v i o r a l  obser-  
v a t  i o n s  

"Also l i s t e d  under b i 'omedical /behavioral .  

3 .2 .3  Biomedical/Behavioral  Missions 

These miss ions  con t inue  t h e  obse rva t ions  of  t h e  biomedical  
and b e h a v i o r a l  responses  of  man i n  space which began i n  rudimentary 
form wi th  t h e  Mercury program. The AES can ex tend  t h e s e  i n v e s t i -  
g a t i o n s ,  no t  only i n  terms of t ime,  number of  obse rva t ions  and 
specimens bu t  a l s o  by p rov id ing  t r a i n e d  medical  observers  and 
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and p o s s i b l e  means of t he rapy .  The u l t i m a t e  g o a l  of t h e s e  miss ions  
i s  t h e  p r e d i c t i o n  of t h e  e f f e c t s  on man of prolonged s p a c e f l i g h t  
and t h e  development of t e chn iques  t o  coun te r ac t  any adverse  e f f e c t s .  
Such i n v e s t i g a t i o n s  a r e  a necessary  s t e p  i n  p r e p a r i n g  f o r  e x t e n s i v e  
use o f  man i n  space .  

Two o f  t h e  major a r e a s  of  i n t e r e s t  a r e  t h e  e f f e c t s  of  
we igh t l e s snes s  on t h e  c a r d i o v a s c u l a r  and muscu loske l e t a l  sys tems.  
Short- t ime exper ience  wi th  Mercury i n d i c a t e d  p o t e n t i a l  problems 
such a s  blood poo l ing  i n  t h e  l e g s ,  d i z z i n e s s ,  and a  l o s s  of calcium 
from t h e  system. However, such symptoms could r e s u l t  from s e v e r a l  
causes ;  t h e r e f o r e  a we l l - con t ro l l ed  s e r i e s  o f  experiments must be 
c a r r i e d  out  t o  determine t h e  causes  and e f f e c t s .  

With t h e  c a p a b i l i t y  of  t h e  AES, i t  should  a l s o  be p o s s i b l e  
t o  i n v e s t i g a t e  va r ious  means of the rapy  f o r  u n d e s i r a b l e  space 
e f f e c t s .  Such therapy  may be r e l a t i v e l y  s imple ,  such as e x e r c i s e ,  
o r  might i nvo lve  t h e  c r e a t i o n  of an a r t i f i c i a l  g r a v i t y  environment. 
The need f o r  e i t h e r  method would have e x t e n s i v e  e f f e c t s  on p l ans  
f o r  f u t u r e  AES miss ions  and f o r  extended d u r a t i o n  mi s s ions ,  such 
as p l a n e t a r y  miss ions .  Therefore  i t  i s  impor tan t  t h a t  at  l e a s t  one 
l ong  d u r a t i o n  miss ion occur  e a r l y  i n  t h e  program. 

I n  a d d i t i o n  t o  b iomedica l /behaviora l  exper iments ,  i t  
should  be p o s s i b l e  t o  c a r r y  out  on t h e s e  f l i g h t s  a  number o f  funda- 
mental  experiments t o  observe t h e  e f f e c t  of t h e  absence o f  g r av i -  
t a t i o n a l  f o r c e s  on p h y s i c a l ,  bhern3cal; and l i f e  p roces se s . lExml j l e s  
o$ some of , t h e s e  expeciments a r e \ ) a s l  lfof lows : 

( a )  Physics  - measurement o f  ext remely sma l l  p h y s i c a l  
e f f e c t s  on t e s t  bodies, such as l i g h t  p r e s s u r e  and 
r e c o i l  r e a c t i o n  dur ing  r a d i o a c t i v e  decay. 

( b )  Physics  - obse rva t ion  o f  r e l a t i v i s t i c  p r e c e s s i o n  
of a  gyroscope du r ing  s p a c e c r a f t  o r b i t .  

( c )  Chemistry - e f f e c t  of  ze ro  g r a v i t y  and reduced 
p r e s s u r e  on exothermic chemical  r e a c t i o n s .  

Biosc ience  - i n v e s t i g a t i o n  of h e a l i n g  process  under 
ze ro  g r a v i t y  c o n d i t i o n s .  

Bioscience - e f f e c t  of  ze ro  g r a v i t y  on p l a n t  growth. 
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This is a very flexible group of experiments which could 
be done at any time in the AES program. However, it may ~ c c u r .  
that a sufficient number and variety of interesting experiments 
are suggested that at least one flight should be allocated primarily 
as a zero-gravity laboratory. In this interim report, those 
experiments will be considered as part of the biomedicalhehavorial 
class. 

The following flights have been assigned to this class 
of missions in the preliminary AES FMAP. The durations indicated 
are based on estimated spacecraft capability as discussed in 
Part I11 of this report. Extended durations may be possible through 
different modifications of the Apollo systems or through use of a 
new module of some type. In either case, the use of rendezvous 
missions, as indicated below, may still be desirable to provide for 
appreciable time in orbit. 

AES PRELIMINARY-.BIOMEDICAL/BEHAVIORAL CLASS 

Orbit Duration Expll. 
Flt. nm/incl. Days Spacecraft . - Wt. ,Lbs. Remarks 

211 200/low 30-45 XCSM&LEM-Lab 3,100 1st long-duration 
mission; lunar 
survey qual. 

3,100 Biomedical/behavio- 
ral, zero-g lab. 

3,100 Rendezvous with 
218, continue 
observations 

3,100 Rendezvous with 
2 2 9 ,  Long-duration 
biomed/behavioral 
effects in con- 
junction .with 

*Also listed under astronomy 
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3.2.4 Space Operations/Technology Missions 

The o b j e c t i v e s  o f  t h i s  c l a s s  of miss ions  would be ,  f i r s t  
o f  a l l ,  t o  demonstra te  manf s a b i l i t y  t o  perform u s e f u l  t a s k s  i n  
space ,  and t o  t a k e  s t e p s  t o  improve h i s  c a p a b i l i t i e s .  Secondly,  
exper iments  on t h e s e  miss ions  would be des igned t o  make t h e  space- 
c r a f t  and i t s  subsystems more compatible w i th  extended pe r iods  o f  
f l i g h t .  The development o f  advanced subsystems i s  a  necessary  
p r e c u r s o r  t o  more e x t e n s i v e  ope ra t i ons  i n  space .  

Space o p e r a t i o n s  i nc lude  t h e  g e n e r a l  a r e a s  of  a s t r o n a u t  
and s p a c e c r a f t  maneuvering and t h e  performance of  f u n c t i o n a l  t a s k s  
such as: 

( a )  e x t r a v e h i c u l a r  mob i l i t y  

( b )  rendezvous and i n s p e c t i o n  of s a t e l l i t e s  

( c )  assembly i n  space  of  equipment such as antennae 

Technolog ica l  experiments a r e  aimed toward e v a l u a t i o n  and 
improvement of s p a c e c r a f t  subsystems and m a t e r i a l s  such a s :  

( a )  environmental  c o n t r o l  systems 

( b )  f i r e  and b l a s t  p r o t e c t i o n  

( c )  exposure e f f e c t s  on m a t e r i a l s .  

The e v a l u a t i o n  of o p e r a t i o n a l  t echn iques  would be p a r t i c u -  
l a r l y  s u i t a b l e  f o r  e a r l y  AES miss ions  wi th  unmodified s p a c e c r a f t  
because l eng thy  t ime i n  o r b i t  i s  no t  r e q u i r e d .  A second r ea son  f o r  
performing t h e s e  exper iments  e a r l y  i n  t h e  program would be t o  eva lu-  
a t e  maneuvers planned f o r  l a t e r  miss ions  and prov ide  f o r  t e s t s  of 
sybsystems which may be u s e f u l  f o r  extended d u r a t i o n  miss ions  l a t e r  
i n  t h e  AES program. 

The fo l lowing  f l i g h t s  have been t e n t a t i v e l y  a s s igned  t o  
t h e  space  opera t ions / technology  c l a s s ,  
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AES PRELIMINARY SPACE OPERATIONS/TECHNOLOGY CLASS 

Orb i t  Durat ion Exp ' l .  
F l t  . nm/incl .  Days Spacec ra f t  W t  . ,Lbs . Remarks 

209 200/low 10-14 Unmod. CSM&LEM AS . Jj,,l00 Maneuvering , e x t r a -  
v e h i c u l a r  a c t i v i t y  

509 Synch 10-14 Unmod. CSM&LEM AS 1Q ,500 Maneuvering, sub- 
sy s  tems development 

10,500 Maneuvering, sub- 
systems development 

A c t i v i t y - F l i g h t  Mat r ix  

A c h a r a c t e r i s t i c  of  t h e  proposed e a r t h  o r b i t a l  program i s  
f l e x i b i l i t y  -- t h a t  i s ,  t h e  a b i l i t y  t o  make measurements o f  many 
types  on each miss ion .  Because of  t h i s  i t  has  been d i f f i c u l t  t o  
a s s i g n  some miss ions  t o  any one c l a s s  and iri  &oi:ng s o ,  lie may s e e r n ~ ~ t h a t  
some exper iments  have no t  r ece ived  p rope r  emphasis.  I n  o r d e r  t o  
c l a r i f y  t h i s  f e a t u r e  o f  t h e  program, a ma t r ix  has  been c o n s t r u c t e d  
which i l l u s t r a t e s  t h e  t ypes  o f  measurements c a r r i e d  ou t  on each 
miss ion  now as s igned  t o  t h e  e a r t h  o r b i t a l  program. It i s  l i k e l y  
t h a t  many changes i n  s p e c i f i c  measurements w i l l  be sugges ted  i n  
t h e  f u t u r e ;  t h e r e f o r e ,  a t  t h i s  t ime only  g e n e r a l  t ypes  o f  measure- 
ments a r e  mentioned. 
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3.3 UNMANNED PROGRAM 

Unmanned missions have not been specifically considered 
in this report. However, for AES planning, it is necessary to 
make some assumptions concerning unmanned missions. The following 
list shows the assumptions which have been made. Note that two 
SA-IB/Centaurs are allocated for each Mars window. Usel of 
these vehicles depends on planning by other NASA offices. 

In addition to these missions, there are missions which 
are now unassigned but which must be flown unmanned because of a 
lack of spacecraft. These will be discussed in the FMAP section. 

208* Cislunar Pegasus 

Voyager Mars qualification 

Cislunar Pegasus 

213 Mars window 
Mars window 

227 Mars window 
228 Mars window 

*May be re-assigned to manned lunar landing program, 
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4.0 FLIGHT MISSION ASSIGNMENT PLAN FOR AES 

The objectives of the AES and the constraints used during 
this study have been discussed earlier in this paper. A summary 
of the more specific objectives of the lunar and earth orbital pro- 
grams has been given along with lists of tentative mission assign- 
ments. In this section these mission assignments are integrated to 
form a tentative Flight Mission Assignment Plan for AES planning 
purposes. It should be pointed out that this FMAP has been molded 
by all the constraints discussed before. It is very likely that 
many of these constraints will change; in that case, the FMAP must 
be evaluated to determine its continuing suitability for AES plan- 
ning. In addition, many factors have probably been overlooked or 
not fully appreciated. It is hoped that these factors may be 
brought to light in the process of examining the present AES 
program plans. 

Fig. 1 is. the FMAP in terms of .Saburn launches and Fig. 2 has 
the form of a schedule of the sub-programs. A discussion of this 
schedule and some possible alternates is given in Part VII of this 
report. Figure 3 is a chronological listing of flights with monthly 
launch dates. Specific data for each flight is found in the appen- 
dix. The following comments refer primarily to Figure 2 and may 
serve to amplify the FMAP. 

4.1 PAD ASSIGNMENTS 

Pad assignments have been made in accordance with the 
requirements discussed in Part VIII of this report. An effort was 
made to minimize the number of reconfigurations of pads 34 and 37B 
from S-IB to S-IB/Centaur and back. At this time'llreconfigura- 
tions are required. This could be reduced to 9 if only one unman- 
ned S-IB/Centaur is flown at the 1969 Mars opportunity. Further 
definition of pad assignments must await more information on the 
unmanned program to be considered. 

4.2 SPACECRAFT ASSIGNMENTS 

Spacecraft assignments to launch vehicles have been made 
in accordance with the latest (unofficial) data available to us. 
These assignments will most likely change as a result of changes 
in the Apollo program. 

4.3 MODIFIED SPACECRAFT AVAILABILITY 

The FMAP shown here is based on the assumption that there 
will be one modified (103mT S/C in 1968, one (108m) in 1969, and 
then 8 per year in 1970 and later. If the modification ground rules 
as discussed in Part VIII are followed, there would be at least a 
four month gap somewhere in late 1969 or early 1970. For the pur- 
poses of the FMAP, the assumption has been made that some means will 
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be found to make S/C available at the times needed. If this 
tion is invalid, some missions may have to be delayed. 

4.4 APOLLO PROGRAM 

The Apollo program is shown in accordance with the latest 
schedule data available to us. This schedule has not been official- 
ly approved. Changes in assignments for 208 through 212 will probably 
occur. 
4.5 LAUNCH DATES 

The launch date for each mission is shown on the accom- 
panying chronological list, Figure 3. These dates are meant to 
imply a launch sometime during that month, and not necessarily on 
the first day of the month. The actual day of launch would be 
chosen to meet launch window constraints and also to minimize inter- 
ference between missions. For example, it would be desirable to 
fit 211 between Apollo missions and not fly two missions concurrent- 
ly. It is hoped that concurrent missions can be flown later in the 
program; otherwise, some juggling of launch dates will be required. 

4.6 ALLOCATION OF HARDWARE 

Launch vehicles and S/C have been assigned to the AES 
lunar and earth orbital program in acoordance with the guide lines 
duscussed earlier. In this schedule the allocation is: 

Lunar 

Earth orbital 

Unmanned 

Unassigned 

Missions 

"including 507 

There are many alternative assignments, some of which are discussed 
in Part VIII. 

4.7 AES LUNAR PROGRAM 

The lunar program starts with an orbital survey 511 using 
sensors qualified a year before on 211. The first extended surface 
mission is scheduled for early 1970. Then orbital and surface mis- 
sions are alternated at about six month intervals. This sequencing 
provides for maximum use of orbital and surface data and may also 
allow the simultaneous operation of more than one unmanned emplaced 
scientific station on the lunar surface. 
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4.8 AES EARTH ORIENTED APPLICATIONS CLASS 

Flight 507 could be used for AES on an alternate basis 
with Apollo. Because of its uncertain availability, the AES mis- 
sion is planned to use an unmodified Apollo S/C. About 9 months 
later, flight 215 would qualify the earth oriented experimental 
system as well as carry out some preliminary measurements. This 
flight would also be of relatively short duration because of the 
lack of modified spacecraft. 

A gap of about a year is provided to optimize the pay 
load for flight 221 which would be of long duration. During this 
gap some experiments of this class can be done on flights 218, 
219 and 513. Flight 518 would be a polar mission to acheive a 
global view, and in particular, an observation of polar weather. 
Finally, flight 521 would be a synchronous mission to provide a 
synoptic look at a portion of the total atmospheric profile witk 
sufficient time to chart rapidly changing weather systems. Thiz 
flight would complete the low inclination, polar, synchronous 
sequence indicated to be desirable for meterological experiments. 
Note that this class of missions has more flights allocated to it 
than any other earth orbital class. 

4.9 AES ASTRONOMY CLASS 

The astronomy payload is expected to require extensive 
development so the first mission, 516, is scheduled in mid 1970. 
This flight would qualify the payload and could proceed to synch- 
ronous orbit in order to measure radio signals absorbed by the 
ionosphere at low altitudes, to provide a more stable observatory 
for long exposure, and to avoid the occlusion by the earth of much 
of the field of view. 

About a year after the first flight, the second astronomy 
mission would be flown on 523. This mission has a large payload 
capability which could be used for experiments of other types, in 
particular, biomedical/behavioral. After about a month, a logistics 
and resupply mission, 229, would be flown to rendezvous with 523. 
Therefore, 523 must be placed in a low inclination, low altitude 
orbit suitable to the S-IB capability. Finally, a third rendezvous 
mission, 230, could be flown. This flight could extend the time in 
orbit of the original crew to over 100 days, which would be almost 
twice as long as any earlier missions. Therefore, a great deal of 
biomedical/behavioral measurements should be made. Note that it will 
be difficult to re-assign Sa-IB1s to avoid overlap of this mission 
and the 524-525 lunar mission without conflicting with the Mars win- 
dow in that year. 



4 . 1 0  BIOMEDICAL/BEHAVIORAL CLASS 

F l i g h t  211 would be  t h e  f i r s t  m i s s i o n  of  t h i s  c l a s s ,  and 
i s  i n t e n d e d  t o  use  t h e  f i r s t  AES s p a c e c r a f t  modi f i ed  f o r  long  dura-  
t i o n  m i s s i o n s  i f  a  S/C now though t  t o  be a s p a r e  from t h e  Apol lo  
program can i n d e e d  be used.  I f  t h i s  S/C i s  a v a i l a b l e ,  t h e  m i s s i o n  
cou ld  p robab ly  ex tend  t o  about  30 d a y s ,  t h u s  doub l ing  p r e v i o u s  man- 
ned o r b i t a l  l i f e t i m e .  T h i s  f l i g h t  would a l s o  be used t o  q u a l i f y  
t h e  remote s e n s o r s  t o  be used on t h e  f i r s t  l u n a r  o r b i t a l  m i s s i o n ,  
511, one y e a r  l a t e r .  

About a y e a r  and a  h a l f  a f t e r  211, a  rendezvous  m i s s i o n ,  
218-219, i s  p lanned  t o  y i e l d  60-90 days i n  o r b i t  f o r  t h e  crew, 
which would be some 2-3 t i m e s  as long  a s  i n  f l i g h t  211. P r o v i s i o n  
of a  modi f i ed  S/C f o r  218 bends t h e  ground r u l e s  by a  few months, 
b u t  i s  f e l t  t o  b e  a  d e s i r a b l e  g o a l .  

F u r t h e r  i n c r e a s e  i n  o r b i t a l  t i m e ,  pe rhaps  o v e r  100 days ,  
would o c c u r  w i t h  t h e  astronomy rendezvous  m i s s i o n  230. S i n c e  t h i s  
would r e p r e s e n t  a n o t h e r  s t e p  i n  o r b i t a l  l i f e t i m e ,  230 i s  a l s o  counted  
a s  a m i s s i o n  of  t h e  b i o m e d i c a l / b e h a v i o r a l  c l a s s .  

4 . 1 1  AES SPACE OPERATIONS/TECHNOLOGY 

T h i s  c l a s s  of m i s s i o n s  would b e g i n  w i t h  209, which i s  a n  
unmodif ied Apol lo  S/C. More e x t e n s i v e  maneuvering c o u l d  o c c u r  w i t h  
f l i g h t  509 abou t  a  y e a r  l a t e r .  F l i g h t  513 comple tes  t h e  sequence  
and c o u l d  p o s s i b l y  have a  m o d i f i e d  S/C i f  t h e  ground r u l e s  were 
e a s e d  by a few months. 

Some subsys tems development exper iments  c o u l d  w e l l  be 
c a r r i e d  o u t  unmanned on f l i g h t  such  a s  223 and 225, which a r e  now 
shown t o  be  unass igned .  q 

4*12 UNMANNED MISSIONS 

Unmanned m i s s i o n s  have n o t  been s p e c i f i c a l l y  d i s c u s s e d  
i n  t h i s  r e p o r t .  Miss ion  ass ignments  shown h e r e  have been assumed 
f o r  AES p l a n n i n g  b u t ,  o f  c o u r s e ,  depend on p l a n s  by o t h e r  NASA 
o f f i c e s .  Two Sa-IB/Centaurs have been a l lowed  f o r  t h e  Mars l aunch  
window i n  1969 and 1971. I n  a d d i t i o n ,  a  Voyager q u a l i f i c a t i o n  s h o t  
i s  shown i n  1968. It i s  i m p o r t a n t  t h a t  p l a n s  f o r  t h e s e  m i s s i o n s  
be  de te rmined  because  t h e y  a f f e c t  s c h e d u l i n g  and pad ass ignments  
f o r  o t h e r  m i s s i o n s  d u r i n g  t h e  AES t i m e  p e r i o d .  



4.13 UNASSIGNED MISSIONS 

An effort was made to use all the Sa-V vehicles for 
manned flights. Sa-IB1s were then assigned to the remaining S/C, 
and then to unmanned missions. Nine Sa-IB vehicles remain to be 
assigned. However, there are no S/C available for additional man- 
ned missions. There would be at ,least two'lSalIB vehicles avaklable 
per year starting 5.b 1969 for unmanned missions. 

4.14 AVAILABILITY OF HARDWARE BY' YEARS 

This row on the FMAP Figs.1 & 2  summarizes the Sa-IB, 
Sa-V and S/C assumed to be available for AES planning. 



PROBLEM AREAS 

I n  t h e  development  o f  a F l i g h t  M i s s i o n  Assignment P l a n  
f o r  t h e  AES many o f  t h e  c o n s t r a i n t s  were examined. S p e c i f i c  problems 
a s s o c i a t e d  w i t h  t h e  v a r i o u s  hardware modules and e x p e r i m e n t s  have 
been  d i s c u s s e d  i n  o t h e r  s e c t i o n s  o f  t h i s  p a p e r  and i n  o t h e r  p a r t s  
of t h i s  r e p o r t .  I n  t h i s  s e c t i o n  some more b a s i c  problems w i l l  be 
ment ioned .  U n f o r t u n a t e l y ,  t h e  AES s t u d y  h a s  n o t  p r o g r e s s e d  enough 
t o  p r o v i d e  r e a d y  answers  t o  t h e s e  q u e s t i o n s  among o t h e r s .  

Pe rhaps  t h e  most obv ious  problem a r e a  l i e s  i n  t h e  
j u s t i f i c a t i o n  and i n t e g r a t i o n  of  e x p e r i m e n t s  f o r  t h e  AES, 
p a r t i c u l a r l y  f o r  t h e  e a r t h  o r b i t a l  program. T h i s  problem i s  
compounded by l a c k  o f  c e r t a i n t y  c o n c e r n i n g  t h e  hardware  c a p a b i l i t y ,  
t h e  e x t e n t  of  m o d i f i c a t i o n ,  t i m e  o f  a v a i l a b i l i t y ,  e t c .  A second 
f a c t o r  t o  be c o n s i d e r e d  i s  t h a t  o n l y  now a r e  e x p e r i m e n t e r s  b e g i n n i n g  
t o  t h i n k  s e r i o u s l y  o f  w o r t h w i l e  o b j e c t i v e s  u s i n g  Apol lo  hardware  
i n  e a r t h  o r b i t .  The l u n a r  program, on t h e  o t h e r  hand,  h a s  had t h e  
b e n e f i t  o f  t h e  emphas is  p l a c e d  on Apo l lo .  T h e r e f o r e ,  much more 
p l a n n i n g  h a s  gone i n t o  l u n a r  e x p l o ~ a t i o n .  

The i n t e r a c t i o n  o f  t h e  AES program w i t h  o t h e r  programs 
must a l s o  be b e t t e r  d e f i n e d .  I n  t h e  e a r l y  p h a s e s ,  t h e  AES i s  
s e v e r e l y  handicapped by t h e  l a c k  o f  m o d i f i e d  s p a c e c r a f t .  The 
p r o v i s i o n  of  " s c a r "  weight  t o  t h e  Apol lo  sys t em might  make i t  
p o s s i b l e  t o  p e r f o r m  more u s e f u l  AES m i s s i o n s  w i t h o u t  e x t e n s i v e  
m o d i f i c a t i o n  d e l a y s .  A more v a l u a b l e ,  t o  t h e  AES, c o n t r i b u t i o n  
from t h e  Apo l lo  program would be  s p a c e c r a f t  a s s i g n e d  t o  t h e  AES 
from t h e  b e g i n n i n g  o f  p r o d u c t i o n ,  

It a l s o  seems e v i d e n t  t h a t  t h e  AES c a p a b i l i t y ,  w h i l e  
s i g n i f i c a n t l y  b e t t e r  t h a n  Apo l lo ,  i s  s t i l l  s e v e r e l y  l i m i t e d  
i n  t e r m s  of  working  volume and d u r a t i o n  b o t h  i n  o r b i t  and on 
t h e  l u n a r  s u r f a c e .  The AES does  have t remendous p r o p u l s i o n  
c a p a b i l i t i e s  t o  p u t  heavy p a y l o a d s  i n t o  d i f f i c u l t - t o - g e t - t o  p l a c e s .  
T h i s  w e i g h t ,  p a r t i c u l a r l y  w i t h  t h e  Sa-V, does  n o t  seem t o  be 
a d e q u a t e l y  used  i n  t h e  e a r t h  o r b i t a l  m i s s i o n s  now s u g g e s t e d .  Even 
t h e  heavy astronomy p a y l o a d  c o u l d  be p l a c e d  i n t o  p o l a r - o r b i t  w i t h  
we igh t  t o  s p a r e .  I n  o r d e r  t o  j u s t i f y  t h e  u s e  o f  t h i s  c a p a b i l i t y ,  
i t  seems t h a t  a new module w i l l  e v e n t u a l l y  be n e c e s s a r y .  

The AES program must be k e p t  i n  p e r s p e c t i v e  i n  t h e  f l o w  
of  t e c h n o l o g y .  It seems t h a t  t h e  program can  s e r v e  as a c o n t i n g e n c y  
program f o r  Apo l lo  i n  i t s  e a r l y  p h a s e s ,  t h e n  can  p r o v i d e  u s e f u l  
m i s s i o n s  f o r  s e v e r a l  y e a r s ,  b u t  must f i n a l l y  e v o l v e  i n t o  fo l low-on 
programs o f  some t y p e .  T h e r e f o r e  i t  i s  n e c e s s a r y  t o  c o n s i d e r  t h e  
growth  p o t e n t i a l  o f  t h e  AES even as AES u t i l i z e s  t h e  growth  
p o t e n t i a l  of  t h e  Apo l lo  sys t em.  



BELLCOMM. INC. 

The p r o v i s i o n  of a  module f o r  o r b i t a l  use  i s  one example 
of  growth. A second example i s  t h e  ex t ens ion  of l u n a r  s u r f a c e  
c a p a b i l i t y  through t h e  use  of  t h e  LEM-Truck. I f  we a r e  t r u l y  " t o  
exp lo re  t h e  moon, no t  j u s t  v i s i t  it o r  photograph i t"  and " t o  
expand o u r  e a r t h  l a b o r a t o r i e s  i n t o  space l a b o r a t o r i e s " ,  we must 
p l a n  now f o r  a n  o r d e r l y  p rog re s s ion  of programs. The AES appears  
t o  be a  f u r t h e r  s t e p  i n  t h a t  d i r e c t i o n .  

"-7'7 L , -+-- c:J, L.u@ rye 

T. L. Powers 
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' Figure  3-a FLIGHT MISSION ASSIGNMENTS PLAN FOR AES PLANNING 

~ a u n c h  plig:j Prime 
Date Purpose 

Orb i t  
n.m./Inc. I Durat ion 

Days 
Conf igu-  

r a t i o n  Crew Remarks 

Space Operations/  200/10w 
Technology 

CSM-LEM 
AS 

Maneuvering, e x t r a -  
v e h i c u l a r  a c t i v i t i e s  

c-IB/ 
Centaur 

Voyager qua l .  t e s t  
( inc luded  f o r  AES 
p lanning  purposes )  

9/68 211 Biomedical/ 
Behaviora l  

XCSM & 
LEM-La b 

Extended d u r a t i o n  
b iomedica l /behaviora l  
t e s t i n g ;  l u n a r  su rvey  
qua l .  f o r  fill 

11/68 507 Apollo 

12/68 212 

1/69 213 Voyager Mars 

A l t e r n a t e  e a r t h  o r b i t  

Unassigned 
-- 

C-IB/ 
Centaur  

Mars o b s e r v a t i o n  
( inc luded  f o r  AES 
p lanning  purposes )  

c-IB/ 
Centaur  

2/69 1 214 lvoyager Mars Mars obse rva t ion  
( inc luded  f o r  AES 
p lanning  purposes )  

Space Operations/  Synch. 
Technology 

Maneuvering; sub- 
systems development 

CSM & 
LEM AS 



Figure 3-b FLIGHT MISSION ASSIGNMENTS PLAN FOR AES PLANNING 

I - .  ~ ~ 6 5 - 1  
Launch F l i g h t  Prime Orbi t  Duration Crew Conf igu- 

Date No. Purpose n .m. /~nc l ,  Days r a t i o n  Remarks 

5/69 215 Earth-oriented 200/low 10-14 2-3 CSM& Qual.  of remote 
a p p l i c a t i o n s  LEM AS sensors  f o r  #221. 

I 
Prel iminary observa- 
t i o n s  of e a r t h  

I 
'. 
6/69 510 Apollo 

7/69 216 . U Unassigned 

8/69 511 Lunar O r b i t a l  L.0. - 35 XCSM & Lunar survey; probe 3 
Survey <80/10w LEM-Lab d e l i v e r y  

& DS 

9/69 217 U Unassigned 
- 

10/69 512 Apollo 

12/69 513 Space Operations/ 200/polar 10-14 3 CSM & Maneuvering, sub- 
Technology LEM AS systems development 

12/69 218 Biomedical/ 200/10w 30-45 XCSM & Biomedical/behavioral, 

1/70 

2/70 

4/70 

4/70 

219 

514 

220 

515 

Behavioral  

~ i o m e d i c a l /  
Behavioral  

LEM-Shelter 
d e l i v e r y  

LEM-Taxi 
mission 

200/low 

L.L: 

L.L. 

30-45 

-20 

3 

3 

2-3/ 
U 

U 

3/2 

LEM-Lab 

XCSM & 
LEM-Lab 

CSM & 
LEM- 
S h e l t e r  

XCSM & 
LEM-Taxi 

zero-g l a b  

Rendezvous and r e -  - 
supply of #218 f 1 

Del iver  LEM-Shelter 
f o r  s u r f a c ~  mission 
#515 * - - 

Unassigned 

Extended l u n a r  s u r f a c e  
opera t ions  up t o  14  
days.  Surface 
rendezvous #514 



Figure 3-c 

! 

FLIGHT MISSION ASSIGNMENTS PLAN FOR AES PLANNING 

- J - 

Remarks 

Meteorology, oceanog- 
raphy, agriculture 

Payload qual. for #52 
preliminary observa- 
tions 

Unassigned 
- - -  - 

Lunar survey; probe 
delivery 

Unassigned 

Meteorology, geo- 
physical observations 

Unassigned 

Deliver LEM-Shelter 
for surface mission 
#520 

Unassigned 

Extended lunar surfac 
operations up to 14 
days. Surface rendez- 
vous with #519 

Unassigned 

Conf igu- 
ration 

XCSM & 
LEM-Lab 

XCSM & 
LEM-Lab 

XCSM & 
LEM-Lab 
& DS 

XCSM & 
LEM-Lab 

CSM & 
LEM- 
Shelter 

XCSM & 
LEM-Taxi 

Launch 
Date 

5/70 

6/70 

7/70 

8/70 

9/70 

10/70 

11/70 

12/70 

1/71 

2/71 

3/71 

Flight 
No. 

221 

516 

222 

517 

223 

518 

224 

519 

225 

520 

226 

Prime 
Purpose 

Earth-oriented 
applications 

Astronomy 

Lunar Orbital 
Survey 

Earth-oriented 
applications 

I 

LEM-Shelter 
delivery 

LEM-Taxi mission 

I 

Duration 
Days 

30-45 

30-45 

-35 

30-45 

- - 

-20 

Orbit 
n.m./Incl. 

200/low 

Synch. 

<80/med. 

200/polar 

L.L. 

- _ _ _ _ _ _ _ - - -  - - - -- 

L.L. 

Crew 

3 

3 

U 

2-3 

U 

3 

U 

2-3/ 
U 

U 

3/2 

U 



Remarks I 
Fzgure 3-d FLIGHT MISSION ASSIGNMENTS PLAN FOR AES PLANNINC 

:; 

I 
Meteorology, oceanog- 

I raphy 

Mars observat ions  
(included f o r  AES 
planning purposes)  

C . I 

- 

Mars observat ions  
( included f o r  AES 
planning purposes)  

Lunar survey; probe 
d e l i v e r y  

Launch 
Date 

4/71 

5/71 

6/71 

6/71 

8/71 

9/71 

10/71 

l O / 7 l  

E x t r a - t e r r e s t r i a l  
observa t ions  I 

I I I  

F l i g h t  
No . 

521 

227 

228 

522 

523 

229 

524 

a 

230 I I 1 LEM-Lab 

- - 

Del iver  LEM-Shelter 
f o r  su r face  mission 
#525 

Rendezvous and r e -  
supply of $229. 
Biomedical/behavioral; 
astronomy 

Rendezvous and re- 
supply of #523. Con- 
t inued astronomical  
observa t ions  

Prime 
Purpose 

Earth-oriented 
a p p l i c a t i o n s  

Voyager Mars 

Voyager Mars 

Lunar Orb i t a l  
Survey 

Astronomy 

Astronomy 

LEM-Shelter 
d e l i v e r y  

Biomedical/ 
behavioral  

' 1  

. 
Orbi t  

n.m./Incl. 

Synch. 

L.0. 
<8O/polar 

200/10w 

200/10w 

L.L. 

200/low 

Conf igu-  
r a t i o n  

XCSM & 
LEM-Lab 

C-IB/ 
Centaur 

C-IB/ 
Centaur 

XCSM& 
LEM-Lab 
& DS 

XCSM & 
LEM-Lab 

XCSM & 
LEM-Lab 

CSM & 
LEM- 
S h e l t e r  

XCSM & 

Duration 
Days 

30-45 

-35 

30-45 

30-45 

30-45 

Crew 

3 

U 

U 

2-3 

3 

3 

2-3/ 
U 

3 



Figure 3-e FLIGHT MISSION ASSIGNMENTS PLAN FOR AES PLANNING 

Note: The exact  launch d a t e s  of each f l i g h t  w i l l  be determined from launch 
window c o n s t r a i n t s  and minimum mission overlap.  

AE65-1 
Launch 

Date 

12/71 

F l i g h t  
No 

525 

Prime 
Purpose 

LEM-Taxi mission 

Orbi t  
n.m./Incl. 

L.L. 

Duration 
Days 

-20 3 / 2  

Conf igu-  
r a t i o n  

XCSM & 
LEM-Taxi 

Remarks 

Extended l u n a r  s u r f a c e  
observat ion up t o  14 
days. Surface rendez- 
vous with #524 



APPENDIX 

AES FLIGHT DATA SHEETS 

LAUNCH DATE: 3/68 

PURPOSE : Space 

ORBIT: E. 0. 200 nm/Low inclination 

DURATION: 10-14 days 

CREW: 2-3 

CONFIGURATION: CSM & LEM-Ascent Stage-SIB 

OBJECTIVES: Space maneuvering, extra-vehicular activity 

REMARKS: Engineering experiments can be performed. These 
might include pumping fuel in the zero-g environment, me,asuring 
enthalpy changes, boiling rates, momentum transfer etc. The 
performance and maintenance of subsystems such as regenerative 
oxygen systems and auxiliary power supplies would be studied. 

Extra-vehicular operations would be attempted. Antennas 
can be erected and their patterns measured. Space operable 
airlocks and hatches as well as space tools would be evaluated. 
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LAUNCH DATE: 6 / 6 8  

FLIGHT # :  210 

PURPOSE: Voyager Qualification 

ORBIT: Escape 

DURATION: - 
CREW: Unmanned 

CONFIGURATION: Voyager 'S-~B/Centaur 

OBJECTIVES: Qualification test for Mars mission 

REMARKS: Included in AES for planning purposes. 

40NFI DENTIAL 
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BELLCOMM, I N C .  

LAUNCH DATE: . L 

I- I 

FLIGHT # :  211. 

PURPOSE: Biomedical/Behavioral Observations 

ORBIT: E. 0. 200 nm/Low Inclination 

DURATION: 30-45 days 

CREW: 3 

CONFIGURATION: XCSM & LEM-LAB -SIB 

OBJECTIVES: Extended duration biomedical testing (prhary); 
Testing of lunar survey equipment (secondary). 

REMARKS: This flight would be the first observation of man 
I I  in a zero-g environment for an extended period. However, earlier 

data can be extrapolated to 30-45 day missions providing a basis - 
I for a biomedical/behavioral test program on this flight. 

In addition to the biomedical/behavioral testing, this - flight would be used for operational qualification of the lunar 
I survey equipment. The availability of astronauts to perform simple 

engineering mcdifications or calibrations on the mapping equipment 
is required for successful testing. 

1 
I 

1 

I a-  
l 



LAUNCH DATE: 12/68 

FLIGHT # :  212 

PURPOSE: Unassigned 

ORBIT: - 
DURATION: - 

CREW: Unmanned 

CONFIGURATION: SIB 

OBJECTIVES : - 

REMARKS: No spacecraft available for this launch vehicle 
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LAUNCH DATE: 1/69 

FLIGHT # :  213 

PURPOSE: Voyager - Mars 
ORBIT: Escape 

DURATION: - 
CREW : Unmanned 

CONFIGURATION: Voyager S-~~/~entaur 

OBJECTIVES: Mars observation 

REMARKS: Included in AES for planning purposes. 



- BELLCOMM, INC. . 
I 

1- - 
I 

LAUNCH DATE: 2/69 

FLIGHT # :  214  

PURPOSE: Voyager - Mars 
ORBIT: Escape 

DURATION: - 
CREW: Unmanned 

CONFIGURATION: Voyager S-IB/Centaur 

OBJECTIVES: Mars Observation 

REMARKS: Included in AES for planning purposes-. 



LAUNCH DATE: 4/69 

FLIGHT # :  509 

PURPOSE: Space Operations/Technology 

ORBIT: E. O., Synchronous 

DURATION: 10-14 days 

CREW: 2-3 

CONFIGURATION: CSM & LEM Ascent Stage - S-V 

OBJECTIVES: Maneuvering, technology experiments, rendezvous 

REMARKS: This flight mission would demonstrate the capability 
of manuevering a spacecraft into a synchronous orbit. To 
accomplish this, the S-IVB stage engine would be steered during 
its thrusting time. 

Iv' 
I - The subsystems tested during this flight would include 

those needing continuing in-space life testing and also improved 
versions of existing components. 

@ 

Radiation detectors would be carried and shielding 
materials tested. On this flight preliminary scientific 
experiments can be performed which results will form the 
basis of the experimental programs on later flights, 



LAUNCH DATE: 5/69 

FLIGHT # :  215 

PURPOSE: E a r t h  Or ien ted  App l i ca t i ons  

1 '  ORBIT:  E.  0 .  200 nm/Low i n c l i n a t i o n  

I - D U R A T I O N :  10-14 days 

CREW: 2-3 

CONFIGURATION: CSM & LEM-Ascent Stage-S-IB 

OBJECTIVES: T e s t i n g  of remote s enso r s  which w i l l  be used i n  t h e  
eiarth o r i e n t e d  a p p l i c a t i o n s  fLPght miss ions  

REMARKS: This  f l i g h t  would o p e r a t i o n a l l y  q u a l i f y  t h e  s enso r s  
t h a t  a r e  planned f o r  t h e  f u t u r e  e a r t h  o r ien ted  a p p l i c a t i o n s  f l i g h t s .  
M u l t i - s p e c t r a l  r e g i o n  d e t e c t o r s  w i l l  be provided f o r  t e s t i n g  on 
t h i s  f l i g h t .  The a s t r o n a u t  performing t h e  e v a l u a t i o n  w i l l  be a b l e  
t o  use  many senso r  combinations over  d i f f e r i n g  e a r t h  a r e a s .  

A s a t e l l i t e  rendezvous could  be a t t empted ,  e . g , ,  Vanguard 
I, f o r  i n s p e c t i o n  and/or f o r  e a r t h  r e t u r n .  

M a t e r i a l s ,  cons idered  promising f o r  space a p p l i c a t i o n s ,  
can be g iven  s h o r t  eng inee r ing  t e s t s .  



" ',;LAUNCH DATE: 7/69 

.I FLIGHT#: 216 
I tI 

PURPOSE: Unassigned 

ORBIT: - 
DURATION: - 
CREW: Unmanned 

CONFIGURATION: - SIB 
OBJECTIVES: - 
REMARKS: No spacecraft available for this launch vehicle. 



LAUNCH DATE: 8/69 

FLIGHT # :  511 

PURPOSE: Cunar Survey 

ORBIT: L. 0. 80 nm or lower, low inclination or equatorial 

DURATION: up to 35 days 

CREW: 3 

CONFIGURATION: XCSM & LEM-LAB & Descent Stage, S-v 

OBJECTIVES: Partial lunar survey; probes of lunar far side 

REMARKS: Earlier lunar landings (Apollo) will have produced data 
that are significant but perhaps unique to particular regions of 
the lunar surface. This partial mapping mission would provide 
gross data in the equatorial regions (encompassing the earlier 
landing sites). From this data and the earlier ground truth, re- 
commendations could be made concerning experiments contained on 
future extended duration lunar landings. Probes could be used to 
examine the lunar far side. 

This would be only the second long-time manned flight 
(the first #211). Biomedical and behavioral data would again bc 
significant. - W  p 



- A l l  - 

LAUNCH DATE:  9 /69 

F L I G H T  # : 217  

P U R P O S E :  U n a s s i g n e d  

O R B I T  : 

D U R A T I O N :  - 
CREW: U n m a n n e d  

C O N F I G U R A T I O N :  S I B  

O B J E C T I V E S :  - 
REMARKS: N o  spacecraft  avai lable  f o r  t h i s  launch veh ic l e  



BELLCOMM. INC. 

LAUNCH DATE: 12/69 

FLIGHT # :  513 

PURPOSE: Space Operations/Technology 

ORBIT: E. 0. 200 nm/polar 

DURATION: 10-14 days 

CREW: 3 

CONFIGURATION: Unmodified CSM & LEM Ascent Stage - S-V 
OBJECTIVES: Testing of lunar based equipment; polar manned observa- 
tion 

REMARKS: This would be the third subsystems test flight. The 
equipment that is proven on these flights could be flown on extended 
duration missions. 

Experimentation on these flights would be limited to com- 
munications, engineering and space technology. Further testing of 
the sensors and cameras to be used in later earth oriented . applica- 
tions missions can be performed. 

The use of the spacecraft in a polar orbit would demon- 
strate the maneuverability of the launch vehicle/spacecraft combina- 
tion. 

The use of the LEM as an earth orbit excursion vehicle 
may be tested. 

e€ - . -. - -- - 

I.. .I-.. . .. . 1 



LAUNCH DATE: 12/69 - 1/70 
FLIGHT # :  218 - 219 
PURPOSE : 

ORBIT: E. 0. 200 nm/Low inclination 

DURATION: 30-45 days each; 60-90 days total 

CREW: 3 each 

CONFIGURATIONS: XCSM & LEM LAB - S-IB 
OBJECTIVES: Long duration biomedical and behavioral testing; 
scientific experimentation in zero-g environment. 

REMARKS: Earlier flights #211 and #511 are planned to provide 
medical and behavioral data on astronauts in zero-'g up to 30 days. 
This flight would double the time of the astronauts in zero-g. 

Experiments performed in the zero-g laboratory can 
include biological experiments in which incubation periods run 
several months, materials analysis, fluid dynamics, thermodynamics 
and chemical processes. 

The rendezvous of two spacecraft and either a material 
transfer or crew transfer is unique to.,this mission and can be 
considered a high priority item. 



LAUNCH DATE: 2./70 - 4/70 

FLIGHT #:  514 - 515 

PURPOSE : Lunar e x p l o r a t i o n  

ORBIT : Lunar Landing 

DURATION:  up t o  14 days  on t h e  l u n a r  s u r f a c e  

CREW: 3 
CSM & LEM-Shelter - S-V 

CoNFIGURAT1oN: XCSM & LEM-Taxi - S-V 

OBJECTIVES: Extended d u r a t i o n  l u n a r  e x p l o r a t i o n  

- 
T 

BELLCOMM. INC. 

REMARKS: Th i s  14  day luna r  s u r f a c e  mi s s ion  would p robab ly  be i n  
a  mare r e g i o n  where smooth s u r f a c e  f e a t u r e s  w i l l . p e r m i t  r e l a t i v e l y  
ea sy  m o b i l i t y .  Su r f ace  i n s t r u m e n t s  would be implan ted  t o  c o l l e c t  
l u n a r  p h y s i c a l  d a t a .  A h o l e  would be d r i l l e d ,  a mu l t i pu rpose  probe 
i n s e r t e d ,  t h e  h o l e  logged and permanent p robes  i n s e r t e d  and con' 
n e c t e d  t o  t h e  emplaced s c i e n t i f i c  s t a t i o n  (ESS) t e l e m e t r y  s t a t i o n .  
The ESS would be s e t  up t o  c o l l e c t  long-term d a t a  on l u n a r  body 
t i d e s ,  s e i s m i c i t y ,  magnetism, atmosphere,  r a d i a t i o n  and meteoro ids .  
These i n s t r u m e n t s  would have a n  o p e r a t i o n a l  l i f e t i m e  of  1/2 - 1 y e a r  
and can t r a n s m i t  d a t a  t o  f u t u r e  l u n a r  o r b i t i n g  v e h i c l e s  o r  d i r e c t l y  
back t o  e a r t h .  



LAUNCH DATE: 4/70 

FLIGHT # :  220 

PURPOSE: Unassigned 

ORBIT: . 

DURATION: - 
CREW : Unmanned 

CONFIGURATION: - SIB 

OBJECTIVES: - 
REMARKS: No spacecraft available for this launch vehicle 



LAUNCH DATE: 5/70 

PURPOSE: Earth Orientated Applications 

ORBIT: E. 0. 20,O nm/Low inclination 

DURATION: 30-45 days 

CREW: 3 

CONFIGURATION: XCSM & LEM-LAB--S-IB 

OBJECTIVES: Meteorology, oceanography, agriculture, forestry 

REMARKS: The meteorological experiments would examine and 
evaluate the advantages of a manned space facility for 
synoptic observations in a meteorological research program leading 
to accurate global weather predictions. Included in the study 
would be cloud motion studies, energy and water exchange 
processes, high altitude dust measurements and pressure and 
temperature profiles. Agriculture and forestry experiments would 
consist of timber and crop census taking, meat and dairy animal 
survey feasibility study and ?oil characteristics surveys. 

Probeswould be launched to investigate areas of the 
atmosphere not readily reached by earth launched sounding rockets. 



BELLCOMM. INC. 

LAUNCH DATE: 

FLIGHT # :  516 

PURPOSE: Astronomy 

ORBIT: E. 0. Synchronous 

DURATION : 30 - 45 days 

CREW: 3 

CONFIGURATION: XCSM & LEM - LAB - S-V 
OBJECTIVES: Telescope qualification tests; preliminary obser- 
vations 

REMARKS: This mission would include the qualification testing 
of the astronomical telescope components including its 
stable platform. Preliminary astronomical observations would 
be made to provide a basis for the detail studies planned 
in later missions. 

This flight can also be used to test improvements 
in subsystems and man's visability and operational capability in 
the space environment. 



BELLCOMM. INC. 

LAUNCH DATE: 7/70 

FLIGHT # :  222 

PURPOSE: Unassigned 

ORBIT: - 
DURATION: - 
CREW: - 
CONFIGURATION: SIB 

OBJECTIVES: - 

REMARKS: No spacecraft available for this launch vehicle 
- 
A 



LAUNCH DATE: 8/70 

FLIGHT # :  517 

PURPOSE: Lunar Su.rvey 

ORBIT: L. 0 .  80 nm o r  lower ,  medium i n c l i n a t i o n  

DURATION: Up t o  35 days  

CREW: 2 - 3 

CONFIGURATION: XCSM & LEM - LAB & Descent S t a g e  - S-V 

OBJECTIVES: Lunar Survey - extended a r e a l  coverage  

REMARKS: The f i r s t  l u n a r  mapping mi s s ion  (#511)  i s  p lanned  
f o r  a  n e a r  e q u i t o r i a l  o r b i t  which would have l i m i t e d  coverage .  
A s  expe r i ence  w i t h  t h e  s p a c e c r a f t  i s  i n c r e a s e d ,  h i g h e r  l u n a r  
i n c l i n a t i o n  o r b i t s  can be  a t t empted .  The h i g h e r  o r b i t  p e r m i t s  
a l a r g e r  a r e a l  coverage .  

Probes  would be used t o  i n v e s t i g a t e  r e g i o n s  o f  p a r t i c u l a r  
i n t e r e s t  n o t  r e a d i l y  a c c e s s i b l e  f o r  a manned l and ing .  

Non pho tog raph i c  s e n s o r s  such  as UV o r  I R  d e t e c t o r s  
used on LS # 1  w i l l  be  a g a i n  used.  



BELLCOMM. INC. 

LAUNCH DATE: 9/70 

FLIGHT # :  223 

PURPOSE: Unassigned 

ORBIT: - 
DURATION: - 
CREW: - 
CONFIGURATION: SIB 

OBJECTIVES: - 
REMARKS: No spacecraft available for this launch vehicle 



BELLCOMM. INC. 

FLIGHT #:  518 

PURPOSE: E a r t h  O r i e n t e d  , A p p l i c a t i o n s  

ORBIT: E. 0 .  200 nm/polar 

DURATION: 30-45 days 

I CREW: 3 
I 

CONFIGURATION: XCSM & LEM - LAB - S-V 

OBJECTIVES: Meteorology,  oceanography,  geophys i ca l  

REMARKS: From i t s  p o l a r  o r b i t  t h i s  f l i g h t  c.ould p rov ide  t o t a l  
e a r t h  coverage.  Th i s  f l i g h t  would a l s o  p rov ide  weight  and 
volume t o  perform b a s i c  s c i e n t i f i c  exper imehts  i n  a zero-g 
environment.  

A i r  p o l l u t i o n  exper iments ,  c o n s i s t i n g  o f  measurements 
and i d e n t i f i c a t i o n  o f  f i n e  p a r t i c l e  c o n s i s t e n c y  i n  t h e  
atmosphere,  cou ld  be performed.  

I n  a d d i t i o n  a u r o r a / a i r  glow i n t e n s i t y  and s p e c t r a  would 
be s t u d i e d .  These d a t a  would p r o v i d e  i n f o r m a t i o n  on t h e  e a r t h ' s  
magnet ic  f i e l d  and i t s  f l u c t u a t i o n  p l u s  d a t a  on s o l a r  p a r t i c l e s .  



LAUNCH DATE: 11/70 

FLIGHT #:  224 

PURPOSE: Unassigned 

ORBIT: - 

DURATION: - 
CREW: , Unmanned 

CONFIGURATION: 

OBJECTIVES: - 
REMARKS: No spacecraft available for this launch vehicle. 

SIB 



LAUNCH DATE: 12/70 - 2/71 

FLIGHT #: 519-520 

PURPOSE : 

ORBIT: 

Lunar E x p l o r a t i o n  

Lunar Landing 

DURATION: Up t o  1 4  d a y s - o n  t h e  l u n a r  s u r f a c e  

CREW: 3 

CONFIGURATION: CSM & LEM S h e l t e r  \ S-V 
XCSM & LEM Taxi  - S/;V 

OBJECTIVES: Extended d u r a t i o n  l u n a r  e x p l o r a t i o n  

REMARKS: Data  o b t a i n e d  from p r e v i o u s  l u n a r  l a n d i n g s  and o r b i t a l  
su rvey  mi s s ions  c o u l d . b e  used t o  s e l e c t  a s c i e n t i f i c a l l y  p romis ing  
r e g i o n  f o r  e x p l o r a t i o n ,  e .g, a  l u n a r . . , ~ r a t e r .  

The a s t r o n a u t s  m o b i l i t y  i n  o r  n e a r  a c r a t e r  may be 
s u b s t a n t i a l l y  l e s s  t h a n  on t h e  mare b u t  p r ev ious  knowledge of  
t h e  l u n a r  s u r f a c e  shou ld  compensate f o r  t h i s .  A p rocedure  
f o r  e x p l o r a t i o n  similar t o  t h a t  o f  LL # 1  would be fo l lowed .  



BELLCOMM. INC. 

F L I G H T  #:  225 

P U R P O S E  : U n a s s i g n e d  

O R B I T :  - 

S I B  

DURATION: - 
CREW: U n m a n n e d  

CONFIGURATION:  

O B J E C T I V E S  : - 
REMARKS : No spacec ra f t  ava i l ab le  f o r  t h i s  launch veh ic l e  



BELLCOMM, INC. 

LAUNCH DATE: 3/71 

FLIGHT # :  226 

PURPOSE: Unassigned 

ORBIT: - 
DURATION: - 
CREW: - 
CONFIGURATION: SIB 

OBJECTIVES: - 
REMARKS: No spacecraft available for this launch vehicle 



LAUNCH DATE: 4/71 

FLIGHT # :  

PURPOSE: E a r t h  O r i e n t e d  A p p l i c a t i o n s  

ORBIT: E. 0 .  Synchronous 

DURATION : 

CREW: 3 

30-45 days 

CONFIGURATION: XCSM LEM-LAB 

OBJECTIVES: Meteorology,  oceanography,  geology,  geography,  hydrology 

REMARKS: Th i s  synchronous o r b i t  f l i g h t  would be used t o  conf i rm 
d a t a  o b t a i n e d  from e a r t h  o r b i t a l  f l i g h t s  r e l a t i n g  t o  meteorology,  
oceanography,  e a r t h  t he rma l  b a l a n c e s ,  a l bedo ,  e t c .  M a t e r i a l s  r e -  
s e a r c h  cou ld  be performed on t h i s  f l i g h t ,  t e s t i n g  t h e  a p p l i c a b i l i t y  

, o f  v a r i o u s  m a t e r i a l s  t o  a space  environment .  

Water vapor  f l u x  mapping, e l e c t r o m a g n e t i c  s i g n a t u r e  
i d e n t i f i c a t i o n  o f  m i n e r a l s ,  and geomorphologica l  f e a t u r e  s t u d i e s  
would be conducted  i n  t h e  geology/hydrology.  B i o l o g i c a l  expe r i -  
ments  cou ld  a l s o  be c a r r i e d  on t h i s  f l i g h t .  



BELLCOMM. INC. 

LAUNCH DATE:  5/71 

F L I G H T # :  2 2 7  

P U R P O S E  : V o y a g e r  M a r s  

O R B I T :  Escape 

D U R A T I O N :  - 
CREW: U n m a n n e d  

C O N F I G U R A T I O N :  V o y a g e r  S - ~ B / C e n t a u r  

O B J E C T I V E S :  M a r s  O b s e r v a t i o n  

REMARKS: Inc luded  i n  AES f o r  p lanning purposes  



LAUNCH DATE: 6/71 

FLIGHT #:  228 

PURPOSE: Voyager-Mars 

ORBIT: Escape 

DURATION: - 
CREW : Unmanned 

CONFIGURATION: Voyager S-IB/Centaur 

OBJEGTIVES: Mars Observation 

REMARKS: Included in AES for planning purposes. 



LAUNCH DATE: 6/71 

FLIGHT #: 522 

PURPOSE: Lunar Survey 

DURATION: Up t o  35 days 

CREW: 2-3 

CONFIGURATION: XCSM & LEM LAB & Descent  S t a g e  - S-V 

OBJECTIVES: Complete Lunar su rvey  

REMARKS: Th i s  l u n a r  m i s s ion  would pe rmi t  mapping o f  t h e  
t o t a l  Junar  s u r f a c e .  The e n t i r e  s u r f a c e  would be observed 
tw ice  ( a t  d i f f e r e n t  phase  a n g l e s ) .  

Th i s  would be  t h e  f i rs t  o b s e r v a t i o n  o f  t h e  l u n a r  p o l e s .  
Probes  cou ld  be used f o r  more d e t a i l e d  s t udy  o f  t h e  l u n a r  p o l e s .  
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LAUNCH DATE: 8/71-9/71-10/71 

FLIGHT # :  523-229-230 

PURPOSE: Astronomy - Biomedical /Behaviora l  

ORBIT: E. 0 .  200 nm/Low i n c l i n a t i o n  

DURATION: 30-45 days each  - 90 - 135 day t o t a l  

CREW: 3  

OBJECTIVES: Long d u r a t i o n  astronomy and b i o l o g i c a l  exper iments  

REMARKS: An o p t i c a l  and r a d i o  t e l e s c o p e  would be c a r r i e d  i n t o  
e a r t h  o r b i t  by a S a t u r n  V and s u s t a i n e d  f o r  a n  a d d i t i o n a l  60 - 
90 days by two S a t u r n  I B  f l i g h t s .  P l a n e t s  would be s t u d i e d  by 
h i g h  r e s o l u t i o n  v i s i b l e  and u l t r a v i o l e t  photography and t h e  form 
and i n t e n s i t y  o f  t h e  s o l a r  corona s t u d i e d  w i t h  coronagraph.  The 
long  d u r a t i o n  o r b i t a l  s t a y  t ime  can a l s o  be  used f o r  b i o l o g i c a l  
expe r imen t a t i on .  
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PLIGHT # :  524 - 525 

PURPOSE: Lunar Explora t ion  

ORBIT: Lunar Landing 

DURATION:  U p  t o  14 days on t h e  l u n a r  8ur face  

CREW: 3 

CONFIGURATION: CSM-LEM-Shelteri S-V 
XCSM-LEM-Taxi - S&V 

1 

OBJECTIVES: Extended dura t ion  l u n a r  exp lo ra t ion  

REMARKS: The purpose of t h i s  mission would be t h e  manned 
exp lo ra t ion  of a  t h i r d  reg ion  o f  t h e  l u n a r  s u r f a c e ,  e .  g., 
a  con t inen t .  Also e i t h e r  of t h e  two e a r l i e r  extended l u n a r  
exp lo ra t ion  missions may i n d i c a t e  a r e a s  t h a t  warran% f u r t h e r  
s tudy .  This  could be accomplished on t h i s  f l i g h t .  

The same procedure a s  i n  LL #1 and LL #2 would be 
followed. 




