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FOREWORD 

This v i n a l  Summary R e m r t  f o r  t he  S o f t  Lander/ 
Support Module study, a sumlement  t o  the "Study of  
Direct Versus O r b i t a l  En t rv  f o r  Yars Vissions" 
(NASA Contract  NAS1-7976), i s  provided i n  accordance 
wi th  Pa r t  T I T  A.6 of t h e  c o n t r a c t  schedule  as amended. 
T h i s  F i n a l  Summary 4eport  is i n  three volumes as 
follows : 

NASA CR-66728-1 Volume I, Summary; 

NASA CR-66728-2 Volume TI, Subsystem S t u d i e s ;  

NASA CR-65728-3 Volume 111, Appendixes. 
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FINAL SUMMARY REPORT 

STUDY OF A SOFT LANDER/SUPPORT MODULE FOR MARS MISSIONS 

VOLUME I - SUMMARY 

By Raymond S .  W i l t s h i r e  and Hugh E .  C r a i g  
M a r t i n  M a r i e t t a  C o r p o r a t i o n  

T h i s  r e p o r t  documents t h e  s t u d y  r e s u l t s  accompl ished  i n  Mod- 
i f i c a t i o n  3 t o  t h e  Direct Versus O r b i t a l  E n t r y  f o r  Mars Miss ion  
Study.  The o b j e c t i v e  of t h i s  s t u d y  w a s  t o  de t e rmine  t h e  con-  
c e p t u a l  d e s i g n  of an  a t t i t u d e  s t a b i l i z e d  s o f t  l a n d e r  c a p s u l e  and 
t o  o b t a i n  s o l u t i o n s  i n  t h e  areas of communicat ion,  d a t a  h a n d l i n g ,  
c o s t ,  r e l i a b i l i t y , *  w e i g h t ,  program implementa t ion  of  long- l ead  
items and t h e  e f f e c t i v e  u s e  of e x i s t i n g  equipment .  The M a r t i n  
Marietta s t u d y  i s  b e l i e v e d  t o  b e  i n  comple te  r e s p o n s e  t o  t h e  re-  
qu i r emen t s  e s t a b l i s h e d  by Langley Resea rch  C e n t e r ,  N a t i o n a l  Aero- 
n a u t i c s  and Space A d m i n i s t r a t i o n .  S p e c i f i c a l l y  t h e  s t u d y  h a s :  

I n v e s t i g a t e d  each  subsystem t o  i d e n t i f y  any c r i t i c a l  
l ong- l ead  items r e q u i r i n g  FY 69  funds  t o  s u p p o r t  t h e  
Mars 1973 S o f t  Lander M i s s i o n ;  

E s t a b l i s h e d  the  minimum c o s t s  of t h e  autonomous s o f t  
l a n d e r / s u p p o r t  module c o n f i g u r a t i o n  t h a t  meets o v e r -  
a l l  mi s s ion  g u i d e l i n e  c o n s t r a i n t s  and emphasizes  t h e  
a v a i l a b i l i t y  f o r  t h e  1973 launch  o p p o r t u n i t y ;  

Eva lua ted  t h e  a p p l i c a b i l i t y  of c u r r e n t  s p a c e c r a f t  
hardware undergoing  development t o  de t e rmine  changes  
n e c e s s a r y  t o  meet the  m i s s i o n  r equ i r emen t s  ; 

Performed mis s ion  a n a l y s i s  t o  conf i rm communicat ions 
l i n k  a n a l y s i s  f o r  cruise ,  e n t r y ,  and p o s t l a n d i n g  m i s -  
s i o n  phases ;  

Developed c o n c e p t u a l  d e s i g n  of t h e  a t t i t u d e  s t a b i l i z e d  
s o f t  l ande r  c a p s u l e  w i t h  i t s  s e p a r a b l e  s u p p o r t  mod- 
u l e ,  u s i n g  t h e  r e s u l t s  from c u r r e n t  t r a d e o f f  s t u d i e s  
and a n a l y s e s ,  a l o n g  w i t h  t h o s e  p r e v i o u s l y  g e n e r a t e d  
i n  t h e  b a s i c  Mars Mission Mode Study.  

Miss ion  a n a l y s e s  were conducted c o n s i d e r i n g  t h e  T i t a n  I I I C  
l aunch  v e h i c l e  performance,  launch p e r i o d  s e l e c t i o n ,  t a r g e t i n g  
c a p a b i l i t y ,  l a n d i n g  s i t e  v a r i a b i l i t y ,  communication l i n k  geom- 
e t r y ,  and t e r m i n a l  phase.  

+ : R e l i a b i l i t y  s t u d i e s  were performed i n  a g e n e r a l  s e n s e ,  as  i n -  
tended  by t h e  c o n t r a c t  s t a t emen t  o f  work. 



A d d i t i o n a l  subsystem t r a d e o f f  s t u d i e s  and a n a l y s e s  were con-  
duc ted  t o  assess t h e  v a r i o u s  s u p p o r t  module a l t e r n a t i v e s ,  e . g . ,  
(1) t r a i l i n g  v s  f l y b y ,  ( 2 )  s e p a r a t i o n  d i s t a n c e  from t h e  p l a n e t ,  
(3) l o c a t i o n  of sun and s ta r  s e n s o r s ,  and ( 4 )  communication i n -  
t e r f a c e s  w i t h  c a p s u l e .  

As a r e s u l t  of t h e  above s t u d i e s ,  a c o n c e p t u a l  d e s i g n  of t h e  
s o f t  l a n d e r / s u p p o r t  module was d e r i v e d  where in  many subsystem 
components are  no t  r e q u i r e d  t o  be s t e r i l i z e d ,  p e r m i t t i n g  u s e  o f !  
much e x i s t i n g  equipment .  

The f i n a l  t a s k  accompl ished  d u r i n g  t h i s  s t u d y  w a s  t o  de t e rmine  
t h e  o v e r a l l  mi s s ion  c o s t  based  on t h e  p r e f e r r e d  d e s i g n  and t h e  
s tudy  ground r u l e s  and c o n s t r a i n t s .  

I NTRODUC T I ON 

Th i s  summary volume i s  p r e s e n t e d  i n  f o u r  major  s e c t i o n s  -- 
Miss ion  A n a l y s i s ,  C o n f i g u r a t i o n  S t u d i e s ,  Subsystem S t u d i e s ,  and 
Conclus ions .  

The f i r s t  s e c t i o n  c o v e r s  t h e  m i s s i o n  a n a l y s i s  s t u d i e s ,  i n -  
c l u d i n g  mis s ion  p r o f i l e ,  T i t a n  I I I C  l aunch  v e h i c l e  c a p a b i l i t y ,  
f l i g h t  o p e r a t i o n s ,  l aunch  d a t e l a r r i v a l  d a t e  c o n s i d e r a t i o n s ,  
t a r g e t i n g ,  and communication l i n k  geometry.  To a c h i e v e  t w o - s t a -  
t i o n  cove rage  d u r i n g  e n t r y  and l a n d i n g ,  a mean touchdown t i m e  
of 6 h r  u n i v e r s a l  t i m e  i s  s e l e c t e d .  T a r g e t i n g  f l e x i b i l i t y  i n  
terms of  l a n d i n g  l o n g i t u d e  i s  a c h i e v e d  by v a r y i n g  t h e  Mars a r -  
r i v a l  d a t e .  The T i t a n  I I I C  payload  c a p a b i l i t y  r e s u l t i n g  from 
t h i s  a n a l y s i s  i s  shown t o  p r o v i d e  a s u b s t a n t i a l  margin  f o r  t h e  
1973 Mars Miss ion .  

The second s e c t i o n  d e s c r i b e s  t h e  p r e f e r r e d  c o n f i g u r a t i o n  re- 
s u l t i n g  from t h e  s t u d y  t h a t  i s  an  a t t i t u d e  s t a b i l i z e d  s o f t  l a n d e r  
us ing  t h e  d i r e c t  e n t r y  mode w i t h  a f l y b y  u n s t e r i l i z e d  s u p p o r t  
module. I t  is  shown t o  s o f t  l a n d  t h e  947 l b  of u s e f u l  l anded  
we igh t ;  a 2568 l b  t o t a l  s p a c e c r a f t  w i t h  an 1 1 - f t - d i a m e t e r  a e r o -  
s h e l l  i s  r e q u i r e d .  

I n d i v i d u a l  subsys tems a re  d i s c u s s e d  i n  t h e  t h i r d  s e c t i o n ;  
s t u d y  r e s u l t s  a re  p r e s e n t e d ,  t h e  p r e f e r r e d  d e s i g n  i s  d e s c r i b e d  
w i t h  a l t e r n a t i v e s  i d e n t i f i e d ,  and t h e  subsys tems c o n c l u s i o n s  
l i s t e d .  The p r e f e r r e d  c o n f i g u r a t i o n  a v o i d s  s e v e r a l  problems by 
n o t  r e q u i r i n g  t h e  s u p p o r t  module,  c r u i s e  s o l a r  a r r a y ,  c r u i s e  ACS, 
and s t e l l a r  s e n s o r s  t o  be  s t e r i l i z e d .  



The f o u r t h  s e c t i o n  p r e s e n t s  t h e  s t u d y  c o n c l u s i o n s  and i d e n t i -  
f i e s  a r e a s  t h a t  mer i t  f u r t h e r  e f f o r t .  

The s t u d y  ground r u l e s  and Sc ience  i n s t r u m e n t s  a r e  g i v e n  i n  
t ab l e s  1 and 2.  

TABLE 1. - GROUND RULES 
~ ~~ 

1) Two s p a c e c r a f t  t o  b e  l aunched ;  

2 )  Launch v e h i c l e  t o  be  T i t a n  I I I C ;  

3 )  The mode of d e l i v e r y  s h a l l  b e  d i r e c t  e n t r y ;  

4 )  The s u p p o r t  module s h a l l  provide r e l a y  communication and n o t  

5)  Minimum l a n d e r  l i f e t i m e  on t h e  s u r f a c e  s h a l l  b e  3 days ,  w i t h  
a 90-day g o a l ;  

Minimum d a t a  volume s h a l l  b e  l o 7  b i t s ,  w i t h  a g o a l  of 10' 
b i t s ;  

conduc t  s c i e n t i f i c  expe r imen t s  ; 

6 )  

7 )  E n t r y  d a t a  must b e  o b t a i n e d  independent  of l a n d i n g  s u c c e s s ;  

8 )  E n t r y  d a t a  from t h e  f i r s t  l a n d e r  must b e  a v a i l a b l e  and 
a n a l y z e d  b e f o r e  second l a n d e r  e n t r y  i s  commit ted;  

9 )  The p r e s e n t  t h r e e  8 5 - f t  and two 2 1 0 - f t  DSN f a c i l i t y  a n t e n n a s  
(Goldstone and A u s t r a l i a )  w i l l  b e  a v a i l a b l e ;  

.O) Launch o p p o r t u n i t y  t o  b e  30 days' d u r a t i o n ;  

.1) Minimum l a u n c h  window t o  b e  2 h r ;  

. 2 )  A v a i l a b l e  l aunch  az imuth  r ange  t o  b e  45 t h r u  115"; 

- 3 )  The l a n d i n g  s i t e  shall b e  n e a r  e q u a t o r i a l  a t  a p p r o x i m a t e l y  
520" l a t i t u d e .  
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TABLE 2 . -  SCIENCE INSTRUMENTS 

4 

O b j e c t i v e  

- 

, n t r y  s c i e n c e  (18 l b )  

S t r u c t u r e  of a tmosphere  

Compos i t  i on 

Water vapor  

j u r f a c e  s c i e n c e  (39 l b )  

Imagery 

Atmospheric compos i - 
t i o n  /o rgan ic  compounds 

Biology 

Atmospheric wa te r  

Subsurface  water 

Atmospheric tempera-  
t u r e  

Atmospheric p r e s  s u r  e 

Wind v e l o c i t y  

Ins t rumen t  

Pres s u r  e 

Temperature  

Dens i ty  

Mass s p e c t r o m e t e r  

Aluminum o x i d e  hygrom- 
e t e r  

Fac s i m i  1 e 

Gas chromatograph-mass 
s p e c t r o m e t e r / p y r o l y s i s  

? 

S o i l  sampler  

Aluminum o x i d e  hygrom- 
e t e r  

Aluminum o x i d e  hygrom- 
e t e r  w i t h  probe  

P 1 a t  i n  um r e s i s  t anc e t he r  
mometer 

Capac i t ance  diaphragm 

Cup anemometer 

a 

l e i g h t ,  
l b  

3 

1 

4 

8 

2 

5 

16 

8 

2 

1 

3 

1 

1 

2 

Data 
b i t s  

? io4  
t04 
105 
j x 10" 

5 io3 

107 

105 
103 

102 

103 

103 

103 

103 

103 

1 S o i l  sampler i s  r e q u i r e d  t o  s u p p l y  a sample t o  b o t h  gas  chromato-  
graph  and b i o l o g i c a l  i n s t r u m e n t s .  



SYMBOLS AND ABBREVIATIONS 

ACS a t t i t u d e  c o n t r o l  system 

AFETR 

AMR- 1 

AMR- 2 

a u  

BE 

bP S 

c3 

c ST 

DAU 

DLA 

DSIF 

DSS 
ETR 

F SK 

G&C 

GS-MS 

hE 

hP 

PD 

h t  

IMU 

ITL 

LM 

LR 

M/ c 
ODP 

PCM 

A i r  Force  E a s t e r n  T e s t  Range 

h i g h - a l t i t u d e  r a d a r  a l t ime te r  

l o w - a l t i t u d e  r a d a r  a l t i m e t e r  

a s t r o  nomic a 1 u n i t s  

e n t r y  b a l l i s t i c  c o e f f i c i e n t ,  M/CDA, s l u g s / f o o t 2  

b i t s  p e r  second 

combined system t e s t  

E a r t h  d e p a r t u r e  e n e r g y ,  ( k i l o m e t e r s / s e c o n d ) *  

d a t a  au tomat ion  u n i t  

d e c l i n a t i o n  o f  d e p a r t u r e  asymptote ,  d e g r e e s  

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

Deep Space S t a t i o n  

E a s t e r n  T e s t  Range 

f r e q u e n c y  s h i f t  keying  

guidance  and c o n t r o l  

g a s  chromatograph-mass s p e c t r o m e t e r  

e n t r y  a 1  t i t u d e ,  k i l o m e t e r s  

p e r  i a p s i  s a 1 t i  t u d e ,  k i l o m e t e r s  

p a r a c h u t e  deployment a l t i t u d e ,  k i l o m e t e r s  

t e r r a i n  h e i g h t  above mean s u r f a c e ,  k i l o m e t e r s  

v e r n i e r  i g n i t i o n  a l t i t u d e ,  k i l o m e t e r s  

i n e r t i a l  measurement u n i t  

i n t e g r a t e -  t r a n s f e r - l a u n c h  

Lunar Module 

l a n d i n g  r a d a r  

Midcourse 

o r b i t  d e t e r m i n a t i o n  pe r iod  

p u l s e  code modula t ion  
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PSK 

R&D 

S I  c 
SMAB 

t C  

phase  s h i f t  keying  

r e s e a r c h  and development 

s p a c e c r a f t  

s o l i d  motor assembly  b u i l d i n g  

c o a s t  t i m e ,  h o u r s  

t P  

tPL 

t 

TWTA 

V 

M I  C 
T 

UT 

VDA 

'HE 

V I B  

W 

a 
a 

c 

S I  M a 

AV 

A v ~  J 

n v ~ ~ ~  

? E  

i 

0 

E J  T 

'' 6 

e n t r y  t ime ,  seconds  

t e l e m e t r y  

t ime  on p a r a c h u t e ,  seconds  

p o s t  land r e l a y  l i n k  t i m e ,  seconds  

v e r n i e r  t i m e ,  seconds  

t r a v e l i n g  wave t u b e  a m p l i f i e r  

t ime  a t  which f i r s t  M I C  maneuver i s  made, d a y s  

U n i v  e r sa 1 t i m e  

v a l v e  d r i v e  a m p l i f i e r s  

Mars asymptotic velocity, kilometers/second 

v e r t i c a l  i n t e g r a t i o n  b u i l d i n g  

Weight ,  pound 

a b s o r p t i v i t y  

l a n d e r  a n t e n n a  a s p e c t  a n g l e ,  d e g r e e s  

s u p p o r t  module r e l a y  a n t e n n a  a s p e c t  a n g l e ,  d e g r e e s  

v e l o c i t y  increment  , m e t e r s / s e c o n d  

c a p s u l e  d e f l e c t i o n  v e l o c i t y  i n c r e m e n t ,  m e t e r s / s e c o n d  

midcourse c o r r e c t i o n  v e l o c i t y  i n c r e m e n t ,  m e t e r s l s e c o n d  

i n e r t i a l  e n t r y  f l i g h t p a t h  a n g l e ,  d e g r e e s  

e m i s s i v i t y  

s t a n d a r d  d e v i a t i o n  

d e f l e c t i o n  a n g l e ,  d e g r e e s  

l a n d i n g  s i t e  l o n g i t u d e  c o r r e s p o n d i n g  t o  d u a l  s t a t i o n  c o v e r -  
a g e ,  d e g r e e  

-+ 
a n g l e  measured a t  Mars between V and @ d i r e c t i o n ,  d e g r e e  HE 
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MISSION ANALYSIS 

The m i s s i o n  a n a l y s i s  r e s u l t s  p r e s e n t e d  below summarize t h e  
a n a l y s c s  performed f c r  t h e  s o f t  l a n d e r , f s u p p c r t  module c o n f i g u r a -  
t i o n  concep t .  The o v e r a l l  mi s s ion  sequence  i s  shown i n  f i g u r e  1. 
Th i s  concept  makes u s e  of  t h e  T i t a n  I I I C  l aunch  v e h i c l e  and a n  
i n t e g r a t e d  s p a c e c r a f t  t h a t  b o t h  c o n t r o l s  t h e  f l i g h t  t o  Mars and  
per forms a s o f t  l a n d i n g .  The s p a c e c r a f t  i s  suppor t ed  by a s p i n -  
s t a b i l i z e d ,  f l y b y  s u p p o r t  module d u r i n g  t h e  encoun te r  and e n t r y  
phase of t h e  m i s s i o n ,  which a l l o w s  a h i g h  b i t  ra te  d a t a  r e t u r n  
v i a  a r e l a y  l i n k  ( l a n d e r  t o  suppor t  module t o  E a r t h ) .  The i n -  
i t i a l  p o s t l a n d i n g  communication l i n k  i s  a l s o  v i a  t h e  suppor t  
module. P o s t l a n d i n g  communication i s  o b t a i n e d  w i t h  a d i r e c t  Mars 
s u r f a c e  t o  E a r t h  l i n k .  A 3-day l ande r  l i f e t i m e  on t h e  s u r f a c e  i s  
a s s u r e d  w i t h  90  days  p o s s i b l e  under f a v o r a b l e  c o n d i t i o n s .  

The d a t a  below a re  f i r s t  p re sen ted  i n  terms of  a t y p i c a l  de-  
s i g n  mis s ion  p r o f i l e .  T h i s  i s  fo l lowed  by the more d e t a i l e d  
p a r a m e t r i c  d a t a  t h a t  l e d  t o  t h e  s e l e c t e d  m i s s i o n  p r o f i l e .  The 
p a r a m e t r i c  r e s u l t s  i n c l u d e  updated  l aunch  v e h i c l e  per formance ,  
a f l i g h t  o p e r a t i o n s  summary t o  e s t a b l i s h  t i m i n g  r e q u i r e m e n t s ,  
l aunch  p e r i o d  s e l e c t i o n  and t a r g e t i n g  f l e x i b i l i t y ,  midcourse  c o r -  
r e c t i o n  AV r e q u i r e m e n t s ,  and communication l i n k  geometry a n a l y -  
s i s .  Much of t h e  parametric r e s u l t s  p r e s e n t e d  ear l ie r  ( r e f s .  1 
and 2)  are  a l s o  d i r e c t l y  a p p l i c a b l e .  

1. DESIGN MISSION PROFILE 

The d e s i g n  m i s s i o n  p r o f i l e  p re sen ted  h e r e  i s  i n t e n d e d  as  a n  
o v e r a l l  summary of  t h e  p a r a m e t r i c  a n a l y s e s .  It r e f l e c t s  con- 
s t r a i n t s  imposed by t h e  d e s i r e  t o  have a s i m p l e  s o f t  l a n d e r  con-  
f i g u r a t i o n  w i t h  minimum t o t a l  program c o s t .  The o v e r a l l  perform- 
a n c e  c a p a b i l i t y  summarized below has  n o t  been op t imized .  It 
r e p r e s e n t s  t h e  minimum t h a t  can be done w i t h  t h i s  concep t .  Areas 
where t r a d e  s t u d i e s  can improve the  performance a re  i n d i c a t e d .  

I n  a d d i t i o n  t o  t h e  s t u d y  ground r u l e s ,  s e v e r a l  c o n s t r a i n t s  
a r e  imposed t o  a s s u r e  a meaningful  m i s s i o n .  These a re  as  f o l l o w s :  

1) Maximum land ing  l o n g i t u d e  f l e x i b i l i t y  - 1 / 2  t h e  p l a n e t  
f o r  t h e  f i r s t  v e h i c l e ,  t o t a l  p l a n e t  f o r  t h e  two ve- 
h i c l e s ;  

7 
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2 )  Maximum communication r ange  a t  e n c o u n t e r  o f  1.4 a u ;  

3 )  Minimum a r r i v a l  d a t e  s e p a r a t i o n  of 5 days  between 

4 )  Minimum post-touchdown communication l i n k  time of 

t h e  two v e h i c l e s ;  

10 min. 

The p o o r l y  d e f i n e d  e n t r y  environment s u g g e s t s  t h a t  t h e  f i r s t  
l a n d e r  be t a r g e t e d  t o  a n  a r e a  t h a t  appears smooth,  i s  s c i e n t i f i -  
c a l l y  i n t e r e s t i n g ,  and has  a low g e n e r a l  t e r r a i n  h e i g h t  above t h e  
mean p l a n e t  s u r f a c e .  These r equ i r emen t s  shou ld  be  s a t i s f i e d  by 
t h e  l o n g i t u d e  f l e x i b i l i t y  of i tem 1) above .  The maximum communi- 
c a t i o n  r ange  i s  l i m i t e d  t o  ensure  a d a t a  volume of lo7  b i t s  over  
t h e  f i r s t  3 days  on t h e  s u r f a c e .  The 5-day a r r i v a l  s e p a r a t i o n  
p r e v e n t s  o v e r l a p  between d a t a  r e c e i p t  and command f u n c t i o n s  and 
a l l o w s  qu ick - look  e v a l u a t i o n  of d a t a  b e f o r e  commit t ing  t h e  second 
v e h i c l e .  The 10-min i n i t i a l  l i n k  t ime a l l o w s  f o r  t r a n s m i t t a l  o f  
a s i t e  survey  p i c t u r e  b e f o r e  communication i s  l o s t  w i t h  t h e  sup-  
p o r t  module. 

The s t u d y  ground r u l e s  i n c l u d e  t h e  r equ i r emen t  f o r  a 30-day 
l aunch  p e r i o d .  A more d e t a i l e d  l aunch  o p e r a t i o n s  a n a l y s i s  has  
i n d i c a t e d  t h a t  two l aunch  v e h i c l e s  can be launched  by a s i n g l e  
crew,  two-pad o p e r a t i o n  w i t h  a launch  p e r i o d  of 20 days  o r  a 
p e r i o d  of 28 days  f o r  two crews and one pad. The 28-day pe r iod  
i s  s u f f i c i e n t l y  c l o s e  t o  30 days s o  t h a t  no s e p a r a t e  d i s c u s s i o n  
i s  a t t e m p t e d .  The minimum energy 30-day l aunch  p e r i o d  from 13 
J u l y  1973 t o  12 August 1973 r e q u i r e s  a n  E a r t h - d e p a r t u r e  ene rgy ,  
C 3 ,  of 16 .5  (km/sec)2.  The 20- and  30-day l aunch  p e r i o d  c a s e s  
w i l l  r e q u i r e  C 3  of 15.7 and 16.7 (km/sec)2,  r e s p e c t i v e l y ,  when 
a n  a d d i t i o n a l  0 . 2  (km/sec)2 i s  inc luded  f o r  t a r g e t i n g  f l e x i b i l i t y .  
R e s p e c t i v e  f i r s t  l aunch  days a r e  19 J u l y  1973 (20 days )  and 16 
J u l y  1973 (30 d a y s ) .  The summary performance p r e s e n t e d  h e r e  i s  
based on b o t h  t h e  15.7 and 16 .5  (km/sec)2 c a s e s .  For a l l  of t h e  
above ,  a minimum 2-hr /day  window i s  a s s u r e d  by l i m i t i n g  t h e  
d e c l i n a t i o n  of t h e  d e p a r t u r e  asymptote ,  DLA, t o  35". 

The T i t a n  I I I C  c a p a b i l i t y  is summarized i n  t a b l e  3 f o r  t h e s e  
two c a s e s .  

The t o t a l  midcourse c o r r e c t i o n ,  as  r e f l e c t e d  i n  t a b l e  3 ,  i s  
30 m/sec.  T h i s  can be  a p p l i e d  i n  a t  l eas t  two c o r r e c t i o n s .  The 
d e s i g n  p e r i a p s i s  a l t i t u d e  of the  suppor t  module f l y b y  t r a j e c t o r y  
i s  2500 km. Th i s  r e s u l t s  i n  a 10-min minimum p o s t l a n d i n g  l i n k  
t ime  w i t h  wors t - case  atmosphere and  p e r i a p s i s  a l t i t u d e  d i s p e r s i o n .  
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TABLE 3 . -  TITAN I I I C  CAPABILITY 

C3, (km/secl2 

' In jec t  7 
t o t a l  i n j e c t e d  s p a c e c r a f t  w e i g h t ,  l b  

minus 
I n j e c t  l b ,  W 

Encounter '  W 

Aft  c a n i s t e r  and payload  a d a p t e r  

Midcourse c o r r e c t i o n ,  
p r o p e l l a n t  (AV = 30 m/sec> 

ACS g a s  

minus 'Entry' I b ,  'Encounter 

Suppor t  module 

Forward c a n i s t e r  

D e f l e c t i o n  p r o p e l l a n t  
(AV = 75 m/sec)  

Note:  1. Launch az imuth  - 114". 
2 .  30 performance.  
3 .  12 .5 - f t -d i am payload f a i r i n g  ( s h r o u d ) .  

!O -day 

15-7  

2787 

2566 

179 

35  

7 

2072 

126 

296 

72 

30-day 

16 .5  

2707 

2487 

179 

34 

7 

1996 

126 

29 6 

69 

Support  module s e p a r a t i o n  and s p i n u p  occur  abou t  17 h r  b e f o r e  
Mars e n c o u n t e r .  Th i s  i s  f o l l o w e d ,  a b o u t  90-sec  l a t e r ,  by c r u i s e  
module s e p a r a t i o n .  A t  1 6 . 5  h r  b e f o r e  e n t r y ,  t h e  l a n d e r  i s  g i v e n  
an  i m p u l s e  of up t o  75 mps (depending on p e r i a p s i s  a l t i t u d e  d i s -  
p e r s i o n )  t o  d e f l e c t  i t  from the f l y b y  t r a j e c t o r y  o f  t h e  s u p p o r t  
module t o  t h e  r e q u i r e d  e n t r y  t r a j e c t o r y .  

The l a n d e r  e n t e r s  t h e  M a r t i a n  a tmosphe re  a t  a n  a l t i t u d e  of 
GOO 000 f t ,  a d e s i g n  v e l o c i t y  ( f o r  t e r m i n a l  phase  a n a l y s i s )  of 
2 1  000 f p s  and a nominal  f l i g h t p a t h  a n g l e  o f  -21".  The d e s i g n  
e n t r y  weight  of 1860 l b  g i v e s  a n  e n t r y  b a l l i s t i c  c o e f f i c i e n t  
of 0.375 s l u g / f t 2 .  The p a r a c h u t e  i s  deployed  by a n  a l t i t u d e  
t r i g g c r  a t  11 500 f t  above t h e  t e r r a i n  (Mach 2 i n  t h e  minimum 
atmosphere of  r e f .  3 ) .  The v e r n i e r  i s  i g n i t e d  by a n  a l t i t u d e  
t r i g g e r  a t  5300 f t  above t h e  t e r r a i n ;  t h e  p a r a c h u t e  h a s  r eached  
a f l i g h t p a t h  a n g l e  of -70" i n  t h e  minimum a tmosphere  a t  t h i s  
a l t i t u d e .  The maximum t e r r a i n  h e i g h t  c a p a b i l i t y  i s  4700 f t  
above t h e  mean s u r f a c e .  P r e l i m i n a r y  s t u d y  r e s u l t s  i n d i c a t e  
t h a t  pa rachu te  s i z e  may be v a r i e d  t o  g i v e  a h i g h e r  t e r r a i n  



c a p a b i l i t y  w i t h  a sma l l  we igh t  p e n a l t y ,  
a s  a f u t u r e  t r a d e  s t u d y .  The d e s i g n  t ime sequence  from en-  
t r y  t o  touchdown i n  t h e  minimum and maximum a tmosphere  i s  g i v e n  
i n  t a b l e  4 .  The minimum t i m e  from t h e  end of t r a n s m i s s i o n  b l a c k -  
o u t  t o  touchdown a l l o w s  a l l  e n t r y  d a t a  t o  be r e l a y e d  b e f o r e  touch-  
down. With t h e  maximum t i m e  t o  touchdown and  a 30 d i s p e r s i o n  
i n  p e r i a p s i s  a l t i t u d e ,  p o s t l a n d i n g  l i n k  t i m e  i s  10 min, s u f f i c i e n t  
f o r  t r a n s m i t t a l  of a s i t e  su rvey  p i c t u r e  t o  t h e  s u p p o r t  module f o r  
r e l a y  t o  E a r t h .  

T h i s  i s  recommended 

TABLE 4 .  - TIME SEQUENCE, ENTRY TO TOUCHDOWN 

E n t r y  (800 000 f t )  

End of b l a c k o u t  
(10 000 f p s )  

Chute deployment 

V e r n i e r  i g n i t i o n  

Touchdown 

From e n t r y  
From end of b l ackou t  

Note:  1. E n t r y  v e l o c i t y ,  

Minimum 
a tmosphere ,  

yE  = -24" 

0 

105 

139 

165 

20 8 
103 

= 21 000 f p s .  
/E 

M a  ximum 
a tmosphere ,  

y E  = -18" 

0 

9 4  

336  

3 86 

43  6 
3 4 2  

2 .  E n t r y  b a l l i s t i c  c o e f f i c i e n t ,  BE = 0 . 3 7 5  
s l u g l f  t2 .  

For t h e  f i r s t  3 days  of  l i f e ,  t h e  l a n d e r  h a s  a d i r e c t  l i n k  
t o  E a r t h ,  c a p a b l e  of 353 bps .  Th i s  i s  adequa te  t o  r e t u r n  t h e  
r e q u i r e d  lo7  b i t s  of d a t a .  
w i l l  a l l o w  90 days  o f  w e a t h e r - s t a t i o n  d a t a  g a t h e r i n g  and t r a n s -  
m i s s i o n  c a p a b i l i t y ;  f a v o r a b l e  solar r a d i a t i o n  f o r  t h e  s o l a r  c e l l s  
w i l l  a l l o w  more d a t a - g a t h e r i n g  and t r a n s m i s s i o n  t i m e .  

Opera t ion  on b a t t e r i e s  and s o l a r  c e l l s  

11 



2.  TITAN I I I C  CAPABILITY 

Previous  e s t i m a t e s  of t h e  T i t a n  I I I C  payload c a p a b i l i t y  f o r  
t h e  1973 Mars mis s ion  have been based on g e n e r a l i z e d  payload/  
v e l o c i t y  d a t a .  
I I I C  a s  t h e  l aunch  v e h i c l e  f o r  t h e  1973 m i s s i o n ,  a more d e t a i l e d  
a n a l y s i s  of i t s  c a p a b i l i t y  h a s  been made. Th i s  a n a l y s i s  i s  based 

A s  a r e s u l t  of i n c r e a s e d  i n t e r e s t  i n  t h e  T i t a n  

on d i g i t a l  

1) 

7 )  

computer r u n s  and i n c l u d e s  t h e  f o l l o w i n g :  

A more d e t a i l e d  e s t i m a t e  of payload f a i r i n g  we igh t  
a p p l i c a b l e  t o  t h e  s o f t  l a n d e r / s u p p o r t  module c o n c e p t ;  

Boost t r a j e c t o r y  shap ing  w i t h i n  a i r l o a d  and a e r o h e a t -  
i n g  c o n s t r a i n t s ;  

J e t t i s o n  of t h e  d e s i g n  payload f a i r i n g  weight  a t  t h e  
c o r r e c t  t ime i n  t h e  t r a j e c t o r y ;  

Launch az imuth  of 114O; 

Opt imiza t ion  of  t h e  p r o p e l l a n t  l o a d i n g  of upper  s t a g e s  
and E a r t h  pa rk  o r b i t  e c c e n t r i c i t y  t o  meet A f r i c a n  i m -  
p a c t  (S tage  1 1 )  range  s a f e t y  c o n s t r a i n t s ;  

De te rmina t ion  of g r a v i t y  l o s s e s  encoun te red  l e a v i n g  
park  o r b i t ;  

An updated  estimate of r e q u i r e d  l aunch  v e h i c l e  margin.  

T h i s  d i s c u s s i o n  w i l l  i n c l u d e  a b r i e f  d e s c r i p t i o n  of t h e  a n a l y s i s  
and r e s u l t s  of t h e  T i t a n  I I I C  payload  s t u d y .  More d e t a i l  may be 
found i n  r e f e r e n c e  4 .  

To accommodate t h e  s o f t  l a n d e r  w i t h  i t s  1 1 - f t - d i a m e t e r  a e r o -  
s h e l l ,  a 1 2 - f t - d i a m e t e r  payload f a i r i n g  ( shroud)  i s  r e q u i r e d .  A 
s k e t c h  of  a f a i r i n g  w i t h  a n  o u t s i d e  d i a m e t e r  of  12 .5  f t ,  used  f o r  
t h i s  a n a l y s i s ,  i s  shown i n  f i g u r e  2 .  The f a i r i n g  we igh t  i s  2300 
l b .  Because t h e  f a i r i n g  i s  j e t t i s o n e d  a t  280 s e c  a f t e r  l i f t o f f  
(du r ing  S t a g e  I1 f l i g h t ) ,  t h e  e f f e c t  on payload  c a p a b i l i t y  i s  i n  
t h e  o rde r  of  7 t o  8% of t h e  f a i r i n g  w e i g h t .  The s e n s i t i v i t y  of 
payload we igh t  t o  f a i r i n g  we igh t  i s  shown i n  f i g u r e  3 as  a func -  
t i o n  of C 3 .  The s e n s i t i v i t y  of payload  we igh t  t o  f a i r i n g  diam- 
e t e r  i s  approx ima te ly  -25 l b l f t .  



352 in. 

165 in. 
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.C--------- 150 in. / 

Station 77 on 
Titan IIIC 

Figure 2.- Payload Fairing 
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To avo id  S t a g e  I1 impact on Afr ica ,  a " n e a r s i d e / f a r s i d e "  
a n a l y s i s  i s  made. That  i s ,  upper  s t a g e  (S tage  I1 and T r a n s t a g e )  
p r o p e l l a n t  l o a d i n g  i s  a d j u s t e d  s o  t h a t  a maximum per forming  ve-  
h i c l e  w i l l  n o t  impact east  of t h e  n e a r - A f r i c a n  c o a s t  o r  a minimum 
per forming  v e h i c l e  w i l l  no t  impact w e s t  o f  t h e  f a r - A f r i c a n  c o a s t .  
Th i s  a n a l y s i s  i s  combined w i t h  a s t u d y  of t h e  r e s u l t i n g  pa rk  o r b i t  
e c c e n t r i c i t y  and t h e  r e q u i r e d  o r b i t  * c o a s t  t i m e  t o  maximize pay- 
load .  
s i d e  impact and a 90x230-n-mi park o r b i t  a r e  optimum i n  t h e  C 3  
r ange  of 15 t o  1 7  km2/sec2. An ave rage  c o a s t  t i m e  of 30 min o r  
120" i s  used .  
f i g u r e  4.  

The r e s u l t  of t h i s  a n a l y s i s  i n d i c a t e s  t h a t  a S tage  I1 f a r -  

Payload s e n s i t i v i t y  t o  c o a s t  a n g l e  i s  shown i n  

F i n a l l y ,  a p r e l i m i n a r y  s t u d y  of t r a j e c t o r y  shap ing  upon l e a v i n g  
pa rk  o r b i t  i s  unde r t aken  t o  minimize i n j e c t i o n  ( i n t o  h e l i o c e n t r i c  
t r a n s f e r  o r b i t )  g r a v i t y  l o s s e s .  Although c o n s i d e r a b l y  more work 
must be done h e r e ,  t h e  p r e l i m i n a r y  i n j e c t i o n  g r a v i t y  l o s s  i s  70 
f p s .  (This  i s  20 f p s  g r e a t e r  t han  t h e  o r i g i n a l  estimate of 50 
f p s  used i n  ea r l i e r  s t u d i e s . )  

The T i t a n  I I I C  payload c a p a b i l i t y  r e s u l t i n g  from t h i s  a n a l y s i s  
i s  shown i n  f i g u r e  5 as  a f u n c t i o n  of  C 3 .  Three c u r v e s  a r e  shown 
co r re spond ing  t o  v a r i o u s  times i n  t h e  t r a n s f e r  t r a j e c t o r y  a s  d i s -  
cussed  e a r l i e r .  The i n j e c t e d  weight  i s  t h e  t o t a l  T i t a n  I I I C  capa-  
b i l i t y  l ess  f a i r i n g  p e n a l t y .  The encoun te r  weight  i s  i n j e c t e d  
we igh t  l ess  payload a d a p t e r ,  a f t  s t e r i l i z a t i o n  c a n i s t e r  l i d ,  ACS 
g a s ,  and midcourse  c o r r e c t i o n  p r o p e l l a n t  (AVMlc = 30 m/sec ) .  

E n t r y  weight  i s  encoun te r  we igh t  l e s s  s u p p o r t  module, forward  
c a n i s t e r  and a s s o c i a t e d  equipment , and d e f l e c t  i o n  p r o p e l l a n t  

16 .7  km2/sec2 co r re spond ing  t o  20- and 30-day l aunch  p e r i o d s ,  
r e s p e c t i v e l y ,  as  d i s c u s s e d  i n  t h e  t a r g e t i n g  a n a l y s i s .  In a d d i -  
t i o n ,  t h e  maximum a l l o w a b l e  C 3  of 17.4 km2/sec2 f o r  t h e  c u r -  
r e n t  d e s i g n  we igh t  i s  shown. A s e q u e n t i a l  weight  summary i s  
shown i n  t a b l e  5 a l o n g  w i t h  t h e  des ign  w e i g h t s  and margins .  
a s s o c i a t e d  v a l u e s  of C 3  shown i n  t h e  t a b l e  a r e  d i s c u s s e d  i n  
t h e  t a r g e t i n g  a n a l y s i s .  

= 7 5  m/sec ) .  F i g u r e  5 i n d i c a t e s  C 3  v a l u e s  of  15.7 and (% 

The 
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F i g u r e  4 . -  T i t a n  I I I C  S e n s i t i v i t y  t o  P a r k  O r b i t  Coas t  Angle 
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C3' (km/sec>' 

l b  
'In j ' 

"Can, Ad' 
a 

AW 

l b  

M/ C 

"ACS > Ib 

'Encounter' It 

awS/M' 

"can' 
b 

aWDef 

'Entry' 

l b  

l b  

l b  

AW = s u p p o r t  module w e i g h t .  

AWCan = fo rward  s t e r i l i z a t i o n  c a n i s t e r  w i t h  mounted equipment .  

AWDef = d e f l e c t i o n  p r o p e l l a n t  w e i g h t  

S /M 

TABLE 5.-  SEQUENTIAL WEIGHT SUMMARY 

1 8  

a L I V ~ , ~  = 30 mps 

b ~ ~ E J  = 75 mps 

l i t a n  I I I C  performance 

15.7 

2787 

179 

35 

7 

2566 

1 2 6  

296 

72 

2072 

16.5 

2707 

179 

34 

7 

2487 

126 

29 6 

69 

1996 

16.7 

2687 

179 

34  

7 

2467 

126 

29 6 

- 69 

1976 

Design 

2568 

23 50 

1859 

- 
15.7 

2 19 

216 

2 13 

+ Margin  - 
L6.5 

139 

13 7 

13 7 

16.7 

119 

1 1 7  

1 1 7  

= t o t a l  i n j e c t e d  s p a c e c r a f t  w e i g h t .  'In j 

= combined we igh t  o f  a f t  s t e r i l i z a t i o n  c a n i s t e r  and  
Ad payload  a d a p t e r .  

= midcourse  c o r r e c t i o n  p r o p e l l a n t  w e i g h t .  
"M/C 

AWACS = ACS g a s  w e i g h t .  

- Encounter  ' Inj  - awCan, Ad M / C  
- aw - - - W 

S /M - *'Can - aWDef = w  - aw 'Entry Encounter  



It should  be p o i n t e d  o u t  t h a t  the  payload c a p a b i l i t y  p r e s e n t e d  
h e r e i n  i s  based on a b a s e l i n e  fol low-on v e h i c l e  w i t h  30 minimum 
performance l e v e l .  A s  shown i n  t a b l e  5 ,  t h i s  r e s u l t s  i n  a minimum 
of more t h a n  100 l b  of margin over  t h e  s o f t  l a n d e r  d e s i g n  weight .  
An a d d i t i o n a l  100 l b  may be added by go ing  t o  a 20-day launch  
p e r i o d .  The u s e  of  a 30 performance p r o b a b i l i t y  g i v e s  a pay- 
load  c a p a b i l i t y  275 l b  l e s s  t han  the  u s e  of nominal  performance.  
Changes t h a t  have been i n c o r p o r a t e d  f o r  V e h i c l e  1 7  and up ,  and 
a c t u a l  weighing  of t h a t  v e h i c l e  i n d i c a t e  a payload  c a p a b i l i t y  
some 200 l b  g r e a t e r  t h a n  t h e  b a s e l i n e  quo ted  h e r e i n .  The re  are  
o t h e r  s o u r c e s  of a d d i t i o n a l  payload c a p a b i l i t y  (margin)  t h a t  shou ld  
be  cons ide red .  Reduct ion  of S t a g e  I u l l a g e  volume w i l l  p ro -  
v i d e  a payload i n c r e a s e  o f  about  160 l b .  
az imuth  i s  r e q u i r e d  f o r  a d a i l y  launch  window of 2 h r  o n l y  when 
t h e  d e c l i n a t i o n  of t h e  d e p a r t u r e  asymptote  (DLA) i s  35".  The 
t a r g e t i n g  a n a l y s i s  i n d i c a t e s  t h a t  a lower d e c l i n a t i o n  ( a r r i v a l  
d a t e l l o n g i t u d e  dependent )  may be  used th roughou t  most o f  t h e  l aunch  
p e r i o d .  A 2-hr  maximum window ( o r  l e s s ,  c o n s i d e r i n g  t h e  T i t a n  I I I C  
launch-on-t ime r e c o r d )  would t h e n  a l low a more e a s t e r l y  maximum 
lauhch  az imuth .  For  a launch  azimuth of looo, t h e  accompanying 
i n c r e a s e  i n  payload would be about  100 l b .  These and o t h e r  ground 
r u l e - t y p e  changes r e s u l t  i n  a d d i t i o n a l  360 l b  payload  c a p a b i l i t y .  

F u r t h e r ,  t h e  114" launch  

It i s  a p p a r e n t  t hen  t h a t  a performance margin  of two o r  t h r e e  
t imes t h e  v a l u e  shown h e r e  may be achieved  on a no c o s t  b a s i s  by 
ground r u l e  changes .  The f u r t h e r  p o s s i b i l i t y  ex i s t s  t h a t  one o r  
more sugges t ed  d e s i g n  changes may be approved  by t h e  1973 t ime 
p e r i o d .  I n  view of a l l  o f  t h i s ,  i t  i s  e v i d e n t  t h a t  a s u b s t a n t i a l  
margin  may b e  assumed f o r  t h e  T i t a n  I I I C  f o r  t h e  1973 Mars mis s ion .  

3 .  FLIGHT OPERATIONS SUMMARY: T I M I N G  REQUIREMENTS 

The purpose  of t h i s  s e c t i o n  i s  t o  summarize t h e  g r o s s  t i m i n g  
a n a l y s e s  a s s o c i a t e d  w i t h  o v e r a l l  f l i g h t  o p e r a t i o n s .  The d i s c u s -  
s i o n  cove r s  t h e  mis s ion  p r o f i l e  from l aunch  t o  post-touchdown; 
t h e  r e a s o n s  f o r  s e l e c t i n g  o v e r r i d i n g  t i m i n g  r equ i r emen t s  a r e  d i s -  
cussed  i n  d e t a i l .  

Launch 

Launch t iming  i s  a f u n c t i o n  of l aunch  s i t e  a c t i v i t i e s ,  l aunch  
v e h i c l e  h o l d s ,  payload h o l d s ,  and weather  c o n s i d e r a t i o n s .  The 
r e s u l t  of the  I i n n c h  t iming  i n a l y s i s  l e a d s  d i r e c t l y  t o  l aunch  
p e r i o d  d e t e r m i n a t i o n  f o r  t h e  two v e h i c l e s  t o  be launched f o r  t h e  

1 9  



1973 Mars m i s s i o n .  A p r e l i m i n a r y  a n a l y s i s  i n d i c a t e s  t h a t  a maxi- 
mum launch d e l a y  of s i x  days  may be encoun te red  f o r  e a c h  l aunch  
v e h i c l e .  Th i s  v a l u e  r e s u l t s  f rom a root -sum-square  o f  t h e  v a l u e s  
t a b u l a t e d  be low. 

Replace s p a c e c r a f t  w i t h  s p a r e  3 days  

Cor rec t  l aunch  v e h i c l e  m a l f u n c t i o n  3 days  

Weather 5 days  

rss 6 days  

The payload rep lacement  r equ i r emen t  r e s u l t i n g  from d e t e c t i o n  of 
a ma l func t ion  d u r i n g  checkout  i s  s e l f - e x p l a n a t o r y .  The d e l a y  
due t o  launch  v e h i c l e  m a l f u n c t i o n  d e t e c t e d  d u r i n g  checkout  o r  
countdown r e f l e c t s  t h e  l o n g e s t  such  d e l a y  encoun te red  d u r i n g  
T i t a n  IIIC l aunch  e x p e r i e n c e  t o  d a t e .  The 5-day wea the r  d e l a y  
f o r  h igh  winds and /o r  o t h e r  d i s t u r b a n c e s  i s  a n  estimate based 
on T i t a n  I I I C  l aunch  e x p e r i e n c e .  Launch e x p e r i e n c e  would i n d i -  
c a t e  1 o r  2 days  i s  a n  a d e q u a t e  wea the r  ho ld  estimate. However, 
t h e  e s t i m a t e  i s  made longe r  because  of  t h e  p o s s i b i l i t y  o f  t r o p i -  
c a l  s t o r m  o r  h u r r i c a n e  a c t i v i t y  because  t h e  l aunch  p e r i o d  a p -  
proaches t h e  h u r r i c a n e  season .  

The d e l a y  between l aunch  of t h e  f i r s t  v e h i c l e  and l aunch  o f  
t h e  second i s  a f u n c t i o n  of l aunch  pad o p e r a t i o n  and r e q u i r e d  
pre launch  a c t i v i t i e s .  Using a s i n g l e  l aunch  pad w i t h  m u l t i p l e  
crews ( 2  s h i f t s  + over t ime)  a 15-day tu rna round  ( l a u n c h  t o  l aunch)  
may be ach ieved .  Th i s  i n c l u d e s  3 days  f o r  pad r e f u r b i s h m e n t  and  
1 2  days f o r  pad o p e r a t i o n s .  Pad o p e r a t i o n s  i n c l u d e  l aunch  v e h i c l e  
e r e c t i o n ,  checkou t ,  combined systems t e s t  (CST), p r o p e l l a n t  l o a d -  
i n g ,  countdown, and l aunch .  An a d d i t i o n a l  day  i s  a l lowed  f o r  pay- 
load  i n s t a l l a t i o n ,  b r i n g i n g  t h e  t o t a l  d e l a y  t o  16 days .  The re- 
s u l t i n g  maximum launch  p e r i o d  i n c l u d i n g  6 days  d e l a y  f o r  e a c h  
v e h i c l e  p l u s  1 6  days  between l aunches  i s  25 d a y s  a s  shown i n  f i g -  
u r e  6 .  For a p p l i c a t i o n  t o  o t h e r  a n a l y s e s ,  t h i s  i s  ex tended  t o  
30 days t o  a g r e e  w i t h  t h e  s t u d y  ground r u l e  s p e c i f y i n g  a 30-day 
l aunch  p e r i o d .  

S h o r t e r  launch  p e r i o d s  may be a c h i e v e d  by u s i n g  b o t h  o f  t h e  
T i t a n  launch pads a t  t h e  AFETR. A s h o r t e r  l aunch  p e r i o d  i n c r e a s e s  
t h e  launch v e h i c l e  payload  c a p a b i l i t y  by d e c r e a s i n g  t h e  v a l u e  of  
C 3  r e q u i r e d ,  as d i s c u s s e d  above .  A g r e a t e r  d e g r e e  of t a r g e t i n g  
f l e x i b i l i t y  may a l s o  be a c h i e v e d  w i t h  a s h o r t e r  l a u n c h  p e r i o d  as  
d i s c u s s e d  below. Assuming two l aunch  pads w i t h  a s i n g l e  crew 
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(8 hr  + o v e r t i m e ) ,  t h e  d e l a y  between l aunches  i s  reduced  t o  8 
days .  Table  6 d e s c r i b e s  t h e  o v e r a l l  sequence  i n  d e t a i l ,  u s i n g  
t h e  T i t a n  I I I C  ITL f a c i l i t y  a t  ETR. The f o l l o w i n g  d e f i n i t i o n s  
a p p l y  t o  t h i s  d i s c u s s i o n :  

1 day 

ITL - i n t e g r a t e - t r a n s f e r  l aunch ;  

V I B  - V e r t i c a l  I n t e g r a t i o n  B u i l d i n g ;  

SMAB - S o l i d  Motor Assembly B u i l d i n g ;  

CST - combined sys tem t e s t .  

TABLE 6 . -  TITAN I I I C  LAUNCH SEQUENCE, 2 PADS, 1 CREW 

I n s  t a  11 s p a c e c r a f t  I 

T i m e  

9 weeks 

9 weeks 

Launch v e h i c l e  1 
V I B  o p e r a t i o n s ;  
SMAB o p e r a t  i o n s  ; 
pad o p e r a t i o n s  t h r u  
CST 

7 days  Pad o p e r a t  i o n s ,  
CST l aunch  (second 
S/C) 

Launch v e h i c l e  2 

V I B  o p e r a t i o n s  ; 
SMAB o p e r a t  i o n s  ; 
Pad o p e r a t i o n s ;  
Launch ( f i r s t  S/C) 

The r e s u l t i n g  o v e r a l l  l aunch  p e r i o d  i s  20 days  as  shown i n  f i g -  
u r e  6.  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  once a d e c i s i o n  has  been made 
t o  use  two launch  pads ,  t h e  d e l a y  between two l a u n c h e s  may be 
reduced even f u r t h e r .  With two pads and m u l t i p l e  c rews ,  a d e l a y  
of 2 h r ,  l aunch  t o  l aunch ,  may be a c h i e v e d .  Th i s  assumes range  
and mis s ion  s u p p o r t  i s  a v a i l a b l e .  T h i s  p r o v i d e s  g r e a t  f l e x i b i l i t y  
i n  miss ion  p l ann ing  f o r  t h e  r e l a t i v e l y  low c o s t  of a n o t h e r  crew.  
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P l a n e t  Approach 

The p l a n e t  approach  f l i g h t  o p e r a t i o n s  a r e  based on t h e  f o l -  
lowing a s sumpt ions :  

1) Primary command o p e r a t i o n s  be ove r  Go lds tone ;  

2)  E n t r y  phase and i n i t i a l  p o s t l a n d i n g  l i n k  w i l l  have 
d u a l - s t a t i o n  coverage (Golds tone  and Booroomba, 
A u s t r a l i a )  ; 

mode) t r a c k i n g  d a t a  b e f o r e  t h e  l a s t  o r b i t  de t e rmina -  
t i o n  program (ODP) run b e f o r e  c a l c u l a t i o n  of t h e  de-  
f l e c t i o n  maneuver. 

3 )  Two s t a t i o n  coverage (two-way, two s t a t i o n  noncoherent  

The l a s t  two-way t r a c k i n g  poin t  o c c u r s  abou t  46  h r  b e f o r e  
e n t r y  as shown i n  f i g u r e  7 .  The ODP r u n  i s  completed 4 h r  l a t e r .  
A complete  t r a j e c t o r y  r u n  i s  ob ta ined  w i t h i n  t h e  n e x t  hour .  A 
4 -h r  a l lowance  i s  inc luded  f o r  computer downtime o r  p h y s i c a l  
p l a n t  f a i l u r e .  Th i s  i s  t h e  f i r s t  o f  t h r e e  t ime  c o n t i n g e n c i e s  
t h a t  a r e  inc luded  i n  t h e  approach o p e r a t i o n a l  sequence.  The de -  
f l e c t i o n  maneuver c a l c u l a t i o n s  a r e  completed 4 h r  l a t e r .  Three 
h o u r s  a r e  a l l o t t e d  f o r  t h e  management d e c i s i o n  p r o c e s s  t o  t r a n s m i t  
t h e  c a l c u l a t e d  d e f l e c t i o n  maneuver. The command i s  f o r m a t t e d  and 
r eady  t o  t r a n s m i t  t o  Golds tone  1 h r  l a t e r .  An 8-hr  con t ingency  
f o r  deep  space  s t a t i o n  (DSS) o r  communication l i n k  f a i l u r e  i s  
i n c l u d e d .  The command i s  r ece ived  by t h e  s p a c e c r a f t  a t  l e a s t  22 
h r  b e f o r e  l a n d e r  e n t r y .  The command i s  t r a n s m i t t e d  back f o r  v e r i -  
f i c a t i o n  and i s  r e c e i v e d  by t h e  ground 10 rnin l a t e r .  I f  t h e  com- 
mand i s  n o t  v e r i f i e d ,  a 4-hr  t ime p e r i o d  ex i s t s  f o r  r e t r a n s m i t t i n g  
and  v e r i f y i n g  tw ice .  The backup commands must be s e n t  over  
Booroomba. The e n a b l e  command i s  r e c e i v e d  by t h e  s p a c e c r a f t  10 
min a f t e r  command v e r i f i c a t i o n .  The s p a c e c r a f t  i s  t h e n  o r i e n t e d  
toward E a r t h  f o r  suppor t  module s e p a r a t i o n  abou t  1 h r  a f t e r  t h e  
e n a b l e  command is  r e c e i v e d  by the  s p a c e c r a f t .  The l a n d e r  i s  then  
r e o r i e n t e d  f o r  t h e  d e f l e c t i o n  maneuver and t h e  d e f l e c t i o n  AV 
impar ted  16.5 hr b e f o r e  l a n d e r  e n t r y .  The l a n d e r  i s  r e o r i e n t e d  
t o  a nominal z e r o  a n g l e  of a t t a c k  a t  e n t r y .  Lander e n t r y  o c c u r s  
approx ima te ly  20 min b e f o r e  c l o s e s t  approach  of t h e  suppor t  module. 
Relay  communications and t h e  e n t r y  s c i e n c e  a r e  i n i t i a t e d  abou t  
1 h r  b e f o r e  l a n d e r  e n t r y .  
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I n i t i a l  Pos t  Landing Relay Link 

The pr imary r equ i r emen t  d u r i n g  t h e  i n i t i a l  p o s t l a n d i n g  l i n k  
i s  t o  s u r v e y  t h e  l a n d i n g  s i t e  t o  de t e rmine  t h e  l a n d i n g  o r i e n t a -  
t i c n  as w e l l  as s a t i s f a c t o r y  l o c a t i o n s  f o r  s u b s u r f a c e  s o i l  probe 
deployment.  
go" ( az imuth )  by 25" ( e l e v a t i o n )  f i e l d  o f  view w i t h  0.1" r e s o l u -  
t i o n .  
r a t e  o f  2.4 x I O 3  b p s .  t h i s  r e q u i r e s  a t r a n s m i s s i o n  t i m e  of  9 . 7  
min. 
touchdown. The r e l a y  communication l i n k  geometry d e s c r i b e d  l a t e r  
e n s u r e s  t h a t  t h e  l a n d i n g  s i t e  s u r v e y  i s  accomplished under w o r s t -  
c a s e  c o n d i t i o n s  of  a tmosphere,  ground e l e v a t i o n  mask, and p e r i -  
a p s i s  a l t i t u d e  d i s p e r s i o n .  I f  more p o s t l a n d  t ime i s  a v a i l a b l e ,  
through a more complex antenna d e s i g n  on t h e  s u p p o r t  module, o r  
h i g h e r  nominal p e r i a p s i s  a l t i t u d e ,  t h e  f o l l o w i n g  two p i c t u r e s  a r e  
d e s i r a b l e .  The f i r s t  i s  a panoramic s c a n  u p  t o  t h e  h o r i z o n ,  a 
360x10" f i e l d  of  v i ew,  w i t h  a 0.1" r e s o l u t i o n .  
2.16 x lo6 d a t a  b i t s  o r  a t r a n s m i s s i o n  t i m e  o f  15 min .  The s e c -  
ond p i c t u r e  i s  a d e t a i l  w i t h i n  t h e  l a n d i n g  s i t e  s u r v e y ,  4 ~ 3 . 2 4 "  
w i t h  a 0 .01" r e s o l u t i o n .  T h i s  r e q u i r e s  7.77 x lo5 d a t a  b i t s  o r  
a t r a n s m i s s i o n  t ime o f  5 .4  min. 

The s u r v e y  i s  a p i c t u r e  by t h e  f a c s i m i l e  camera w i t h  

The p i c t u r e  r e q u i r e s  1.4 x lo6 d a t a  b i t s .  With a d a t a  

The p i c t u r e  can  b e  i n i t i a t e d  approx ima te ly  30 s e c  a f t e r  

T h i s  r e q u i r e s  

P o s t l a n d i n g  Direct Link f o r  F i r s t  Three  Days 

The p o s t l a n d i n g  o p e r a t i o n s  f o r  t h e  f i r s t  l a n d e r  and t h e  be- 
g i n n i n g  of approach  o p e r a t i o n s  f o r  t h e  second l a n d e r  are  sum- 
marized i n  f i g u r e  8. The p o s t l a n d i n g  o p e r a t i o n s  f o r  t h e  second 
l a n d e r  a r e  i d e n t i c a l  t o  t h o s e  of t h e  f i r s t .  The f i r s t  d i r e c t  
l i n k  t o  E a r t h  o c c u r s  a b o u t  16 h r  a f t e r  touchdown. The l e n g t h  of  
t h e  l i n k  i s  a f u n c t i o n  of an tenna  d e s i g n ,  l a n d i n g  s i t e  l a t i t u d e ,  
and encoun te r  d a t e  as d e s c r i b e d  l a t e r .  The r e q u i r e d  l e n g t h  of 
t h e  l i n k  i s  a t  l e a s t  3 .1  h r  i n  o r d e r  t o  o b t a i n  lo7 b i t s  i n  3 
days  w i t h  a n  a n t e n n a  d e s i g n  h a l f  power beamwidth of 46" .  
d a t a  are  r e c e i v e d  by t h e  Go lds tone  s t a t i o n  a t  a p p r o x i m a t e l y  0 h r  
UT. Note t h a t  d u a l - s t a t i o n  cove rage  w i t h  Madrid i s  p o s s i b l e  i f  
a 2 1 0 - f t  d i s h  i s  a v a i l a b l e  a t  t h i s  s t a t i o n .  A l l  p o s t l a n d i n g  d a t a  
must be r e c e i v e d  by a 210- f t  d i s h .  To s i m p l i f y  o p e r a t i o n s  on 
t h e  ground,  t h e  second s p a c e c r a f t  does n o t  s t a r t  command ope ra -  
t i o n s  u n t i l  a f t e r  t h e  t h i r d  d i r e c t  l i n k  of  t h e  f i r s t  l a n d e r .  The 
ea r l i e s t  t i m e  f o r  t h e  s t a r t  of t h e  second s p a c e c r a f t  app roach  
o p e r a t i o n s  ( l a s t  two-way t r a c k i n g  p o i n t )  i s  a b o u t  74 h r  a f t e r  
touchdown of t h e  f i r s t  l a n d e r .  The t i m e  f rom t h e  s t a r t  of a p -  
proach o p e r a t i o n s  t o  touchdown i s  abou t  46 h r .  The s h o r t e s t  t i m e  
i n t e r v a l  between touchdown of t h e  f i r s t  and second l a n d e r  i s ,  
t h u s ,  5 days .  

The 
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4 .  TARGETING AND LAUNCH PERIOD SELECTION 

A major o b j e c t i v e  of t h e  Mars '73 m i s s i o n  i s  t o  l a n d  a t  a 
s c i e n t i f i c a l l y  i n t e r e s t i n g  l o c a t i o n .  Landing s i t e  l a t i t u d e s  be- 
tween 220' a r e  d i c t a t e d  i n  t h e  s t a t e m e n t  of  work. The l a n d i n g  
s i t e  l o n g i t u d e  h a s  n o t  been s e l e c t e d  and p robab ly  w i l l  n o t  be  
u n t i l  a f t e r  t h e  Mariner  '69  m i s s i o n ,  o r  p o s s i b l y  t h e  Mar ine r  ' 7 1 .  
I n  a m i s s i o n  p l a n n i n g  s e n s e  a s  much l a n d i n g  s i t e  l o n g i t u d e  f l e x -  
i b i l i t y  a s  p o s s i b l e  shou ld  be a v a i l a b l e  c o n s i s t e n t  w i t h  o t h e r  
m i s s i o n  c o n s t r a i n t s .  

The l a n d i n g  s i t e  l o n g i t u d e  i s  a f u n c t i o n  of touchdown t i m e  
of d a y ,  u n i v e r s a l  t i m e ,  and encoun te r  d a t e ,  and i s  shown i n  f i g -  
u r e  9 .  
e x c e s s  v e l o c i t y  v e c t o r  a t  Mars,  

a n g l e  , 
t h e  o r i e n t a t i o n  i n  i n e r t i a l  s p a c e  of  t h e  approach  h y p e r b o l i c  e x -  
c e s s  v e l o c i t y  v e c t o r  a t  Mars does  n o t  v a r y  much ove r  t h e  l a u n c h  
p e r i o d ,  t h e  l a n d i n g  s i t e  i s  a l s o  r e l a t i v e l y  f i x e d  i n  i n e r t i a l  
s p a c e .  The s l o p e  of t h e  c o n s t a n t  l o n g i t u d e  l i n e s  i s  due t o  t h e  
d i f f e r e n c e  i n  t h e  r o t a t i o n  ra tes  of E a r t h  and Mars abou t  t h e i r  
r e s p e c t i v e  a x e s .  I n  24 h r ,  Mars r o t a t e s  350.89' o r  9.11' less 
t h a n  E a r t h .  T h e r e f o r e ,  i f  touchdown o c c u r s  a t  t h e  same t i m e  of  
d a y ,  bu t  one day l a t e r ,  t h e  l o n g i t u d e  of t h e  l a n d i n g  s i t e  in -  
c r e a s e s  by 9.11'. 
t h e  l a n d i n g  s i t e  i n c r e a s e s  by 14.62' pe r  hour  i n c r e a s e  i n  t h e  
touchdown t ime of day.  T h i s  i s  e q u i v a l e n t  t o  t h e  r o t a t i o n  r a t e  
of  Mars. 

It i s  a l s o  dependent  on tke o r i e n t a t i o n  of t h e  h y p e r b o l i c  
and t h e  e n t r y  f l i g h t p a t h  "HE 9 

The d a t a  shown co r re spond  t o  a y E  of -21'. Because YE * 

On a g i v e n  encoun te r  d a t e ,  t h e  l o n g i t u d e  of  

Superimposed on f i g u r e  9 a r e  t h e  cove rage  t i m e s  of  t h e  t h r e e  
D S I F  s t a t i o n s ,  G o l d s t o n e ,  Madrid,  and Booroomba, A u s t r a l i a .  The 
c o v e r a g e s  assume a 15' e l e v a t i o n  mask f o r  a l l  t h e  s t a t i o n s .  The 
ground r u l e s  f o r  t h i s  s t u d y  s t a t e  t h a t  2 1 0 - f t  d i s h e s  a r e  t o  be 
assumed f o r  Go lds tone  and Booroomba. An 8 5 - f t  d i s h  i s  assumed 
a t  Madrid.  The r e a l - t i m e  playback of e n t r y  d a t a  and p o s t l a n d i n g  
d a t a  f o r  t h e  f i r s t  3 days  must occur  ove r  Go lds tone  o r  Booroomba. 
It i s  h i g h l y  d e s i r a b l e  t o  have d u a l - s t a t i o n  cove rage  f o r  t h e  
e n t r y  d a t a  and i n i t i a l  p o s t l a n d i n g  d a t a  ( e n t r y  d a t a  a r e  n o t  s t o r e d ) .  
The t i m e  of day t h a t  c o r r e s p o n d s  t o  dua l - cove rage  f o r  Goldstone,  
and Booroomba i s  abou t  6 h r  UT 5 1.6  h r .  The l a n d i n g  s i t e  l o n g i -  
t u d e  c o r r e s p o n d i n g  t o  a touchdown t i m e  of 6 h r ,  (p6, i s  t h e n  
d i r e c t l y  a f u n c t i o n  of e n c o u n t e r  d a t e .  On any g i v e n  e n c o u n t e r  
d a t e ,  t h e  p o s s i b l e  l o n g i t u d e  v a r i a t i o n  abou t  (p6 t h a t  s t i l l  en-  
s u r e s  d u a l - s t a t i o n  coverage f o r  t h e  e n t r y  d a t a  and i n i t i a l  p o s t -  
l a n d i n g  i i n k  d a t a  i s  abou t  +_20'. 
were  a v a i l a b l e ,  t h e  touchdown t ime cou ld  be a b o u t  22 h r  UT +_ 2 . 0  
h r  w i t h  d u a l - c o v e r a g e  ove r  Goldstone and Madrid.  

i f  a t h i r d  2 1 0 - f t  d i s h  a t  Madrid 
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The l e n g t h  of t h e  l aunch  per iod  and t h e  amount of  l o n g i t u d e  
f l e x i b i l i t y  d e s i r e d  f o r  each  launch v e h i c l e  de t e rmine  t h e  l aunch  
d a t e s  and encoun te r  d a t e s  a v a i l a b l e  f o r  m i s s i o n  p l a n n i n g .  The 
l aunch  d a t e s l e n c o u n t e r  d a t e s  must a l s o  be s e l e c t e d  s o  t h a t  t h e  

margin.  A l aunch  p e r i o d  of 30 days i s  ground r u l e d  i n  t h e  s t a t e -  
ment of work. Th i s  i s  t h e  per iod  i n  which b o t h  v e h i c l e s  must be 
launched .  
on T i t a n  I I I C  e x p e r i e n c e  and t h e  number of  l aunch  pads a v a i l a b l e  
i s  g iven  i n  t h e  F l i g h t  Opera t ions  Summary. Another  c o n s t r a i n t  
t h a t  must be cons ide red  i s  t h e  need f o r  a t  l e a s t  a 2-hr d a i l y  
l aunch  window. Th i s  r e q u i r e s  the  DLA t o  be l e s s  t h a n  35" t o  
keep  t h e  launch  az imuth  less  than  t h e  range  s a f e t y  l i m i t a t i o n  of 
114". 

1 0 . 3 n m h  energy  r e q u i r e d  i s  w i t h i r ,  t h e  T i t a n  I I I C  c a p a b i l i t y  w i t h  

A d i s c u s s i o n  of a 20- and 28-day l aunch  p e r i o d  based 

An example of how t h e  a v a i l a b l e  launch  d a t e s l e n c o u n t e r  d a t e s  
a r e  de termined  i s  shown i n  f i g u r e  10 f o r  a l aunch  e n e r g y ,  C 3 ,  
of 16 km2/sec2 and a l aunch  pe r iod  of 20 days .  The w i d t h  of  t h e  
l aunch  pe r iod  f o r  v e h i c l e  1 i s  6 days .  The h e i g h t  ( r ange  of en-  
c o u n t e r  d a t e s )  f o r  v e h i c l e  1 i s  s e l e c t e d  t o  a l l o w  coverage  of  
h a l f  t h e  p l a n e t ,  i . e . ,  180" i n  l o n g i t u d e .  Th i s  s e l e c t i o n  i s  
a r b i t r a r y  bu t  r e a s o n a b l e  because a s c i e n t i f i c a l l y  i n t e r e s t i n g  
l a n d i n g  s i t e  can s u r e l y  be found i n  t h i s  range  of l o n g i t u d e s .  
The a l l o w a b l e  r ange  of encoun te r  d a t e s  f o r  mis s ion  p l ann ing  
( l o n g i t u d e  s e l e c t i o n )  i s  from Jan .  1 7  t o  Feb. 6 ,  1974. T h i s  
co r re sponds  t o  l o n g i t u d e s  between about  -110 and 70". Once a 
l o n g i t u d e  i s  s e l e c t e d  f o r  v e h i c l e  1, i t  i s  h e l d  c o n s t a n t  f o r  t h e  
6-day launch  p e r i o d .  Veh ic l e  2 can b e  launched 8 days  a f t e r  ve-  
h i c l e  l .  From a mis s ion  p lanning  v i e w p o i n t ,  t h e r e f o r e ,  t h e  f i r s t  
day  of  t h e  launch  pe r iod  f o r  v e h i c l e  2 i s  day 14 of t h e  launch  
p e r i o d .  During a c t u a l  mi s s ion  o p e r a t i o n s ,  however,  i f  v e h i c l e  1 
i s  launched on day 1, v e h i c l e  2 can be launched on day 9 .  The 
ea r l i e s t  a l l o w a b l e  encounter  d a t e  f o r  v e h i c l e  2 i s  abou t  5 days 
a f t e r  v e h i c l e  1 encoun te r .  Thus,  command o p e r a t i o n s  f o r  v e h i c l e  
2 beg in  a f t e r  3 days of p l a n e t a r y  l i f e  f o r  v e h i c l e  1. The w i d t h  
of  t h e  launch  pe r iod  f o r  v e h i c l e  2 i s  r e q u i r e d  t o  be a t  l e a s t  6 
d a y s .  The a l l o w a b l e  range  of encounter  d a t e s  depends on t h e  
l o n g i t u d e  s e l e c t e d  f o r  v e h i c l e  1, and range  between J a n .  22 and 
Mar. 7 ,  1974. The a c t u a l  launch p e r i o d  a v a i l a b l e  f o r  v e h i c l e  2 
i s  a s  long as  10 days  f o r  some of t h e  encoun te r  d a t e s  and pos- 
s i b l y  a s  long  as  18 days  i f  v e h i c l e  1 goes o f f  on day 1. The 
l a t e s t  encoun te r  d a t e  i s  c o n s t r a i n e d  t o  be Mar. 1, 1974,  t o  keep 
t h e  d i s t a n c e  a t  a r r i v a l  l e s s  than  1 .40  au ( f o r  communication 
p u r p o s e s ) .  I f  t h e  l o n g i t u d e  f o r  v e h i c l e  1 i s  s e l e c t e d  t o  be 
-110", t h e  e a r l i e s t  a l l o w a b l e  encounter  d a t e ,  t h e  a l l o w a b l e  l o n g i -  
t u d e s  f o r  v e h i c l e  2 a r e  -45 t o  270°, a 315" v a r i a t i o n .  I f  t h e  
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l o n g i t u d e  f o r  v e h i c l e  2 i s  s e l e c t e d  t o  be  70° ,  l a t e s t  a l l o w a b l e  
e n c o u n t e r  d a t e ,  t h e  a l l o w a b l e  l o n g i t u d e s  f o r  v e h i c l e  2 a r e  135 
t o  270', a 135' v a r i a t i o n .  As w i t h  v e h i c l e  1, once a l o n g i t u d e  
i s  s e l e c t e d  f o r  v e h i c l e  2 i t  remains c o n s t a n t  ove r  i t s  l a u n c h  
p c r i o d .  It i s  obvious t h a t  a 28-day l aunch  p e r i o d  canno t  be 
o b t a i n e d  w i t h  a C 3  of 1 6  km2/sec2. 

The l o n g i t u d e  of v e h i c l e  2 can be  changed somewhat based on 
t h e  d a t a  r e t u r n e d  from v e h i c l e  1 conce rn ing  t h e  M a r t i a n  e n v i r o n -  
ment. I f  t h e  atmosphere i s  found t o  be much more dense  t h a n  t h e  
assumed minimum a tmosphere ,  s t e e p e r  e n t r y  f l i g h t p a t h  a n g l e s  are 
a l l o w a b l e ,  which change t h e  p r e s e l e c t e d  l a n d i n g  s i t e  l o n g i t u d e .  
The e n t r y  f l i g h t p a t h  a n g l e  i s  determined by t h e  l a n d e r  d e f l e c t i o n  
maneuver,  16.5 h r  b e f o r e  e n t r y ,  which i s  c a l c u l a t e d  on t h e  ground 
and s e n t  t o  t h e  l a n d e r  by Go lds tone .  

The a l l o w a b l e  l o n g i t u d e  s e l e c t i o n  f o r . v e h i c l e s  1 and 2 i s  
summarized a s  a f u n c t i o n  of C 3  i n  f i g u r e  11. The l o n g i t u d e  
v a r i a t i o n  f o r  v e h i c l e  1 i s ,  by d e f i n i t i o n ,  180' i ndependen t  of  
C 3 .  The minimum a l l o w a b l e  C 3  f o r  a 20-day l aunch  p e r i o d  i s  
1 5 . 5  km2/sec2. T h i s  a l l o w s  o n l y  one s p e c i f i c  l o n g i t u d e  f o r  v e -  
h i c l e  2 ,  a b o u t  135'. The C 3  must be i n c r e a s e d  a b o u t  0 . 2  km2/ 
s e c 2  above t h e  minimum, t o  15.7 km2/sec2, t o  o b t a i n  r e a s o n a b l e  
l o n g i t u d e  f l e x i b i l i t y  w i t h  v e h i c l e  2 .  S i m i l a r l y ,  f o r  a 30-day 
l a u n c h  p e r i o d ,  t h e  minimum C3 
l o n g i t u d e  f l e x i b i l i t y  w i t h  v e h i c l e  2 ,  a C3 of 1 6 . 7  km2/sec2 
i s  r e q u i r e d .  The f l e x i b i l i t y  shown i n  f i g u r e  11 f o r  v e h i c l e  2 
c o r r e s p o n d s  t o  t h e  e a r l i e s t  p o s s i b l e  e n c o u n t e r  d a t e  f o r  v e h i c l e  
1. 

i s  16.5 km2/sec2 s o  t h a t  t o  g e t  

The c h o i c e  of  l a n d i n g  s i t e  l a t i t u d e  i s  d i c t a t e d  by t h e  p o s t -  
l a n d i n g  d i r e c t  l i n k  and i s  d i s c u s s e d  below. 

5.  MIDCOURSE ANALYSIS 

The s i z i n g  of  t h e  midcourse c o r r e c t i o n  r e q u i r e m e n t  i s  a n  
i m p o r t a n t  d e s i g n  c o n s i d e r a t i o n  from a we igh t  s t a n d p o i n t  as  w e l l  
a s  ACS d e s i g n .  The s i z e  of t h e  f i r s t  midcourse c o r r e c t i o n  d e -  
pends p r i m a r i l y  on t h e  e r r o r s  i n  p o s i t i o n  and v e l o c i t y  a f t e r  i n -  
j e c t i o n  o n t o  t h e  t r ans -Mars  t r a j e c t o r y .  These e r r o r s  depend on 
t h e  l aunch  v e h i c l e  and i t s  guidance sys t em,  t h e  p a r k i n g  o r b i t  
c o a s t  t i m e ,  and t h e  i n j e c t i o n  v e l o c i t y  r e q u i r e d .  T h i s  a n a l y s i s  
assumes a T i t a n  I I I C  l aunch  v e h i c l e ,  a 30-min c o a s t  t i m e  and a n  
i n j e c t i o n  v e l o c i t y  of  3 8  500 f p s  
c o n s i d e r a t i o n  i n  t h e  s i z e  of t h e  f i r s t  midcourse c o r r e c t i o n  i s  
t h e  t ime a t  which i t  o c c u r s .  

(C, = 1 6 . 5  km2/sec2).  Another  
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The r e s u l t s  a r e  based on a n a l y t i c  two-body s e n s i t i v i t i e s  bu t  
check w e l l  w i t h  n-body r e s u l t s  ( w i t h i n  10%). The e r r o r  a t  i n -  
j e c t i o n ,  i n j e c t i o n  c o v a r i a n c e  m a t r i x  

E a r t h ' s  s p h e r e  o f  i n f l u e n c e ,  

t h e n  c o n v e r t e d  t o  a h e l i o c e n t r i c  r e f e r e n c e  f r ame ,  p ropaga ted  t o  
Mars, a n i  co2ves t edAto  p o s i t i o n  e r r o r s  i n  :he impact parameter 
p l a n e  (B  T ,  B R) and normal t o  i t  ( S ) .  The p o s i t i o n  e r r o r s  
a t  Mars a r e  t h e n  mapped back t o  t h e  t i m e  a t  which t h e  maneuver i s  
made t o  o b t a i n  t h e  c o v a r i a n c e  m a t r i x  of t h e  midcourse c o r r e c t i o n ,  

i s  p ropaga ted  t o  t h e  Q I N . J y .  
The c o v a r i a n c e  m a t r i x  i s  QSP,. 

- 

r e q u i r e d  t o  n u l l  t h e  e r r o r  a t  Mars. The t i m e  of f l i g h t  
C ' 

e r r o r  i s  n u l l e d  w i t h  t h e  S component which i s  i n  t h e  d i r e c t i o n  
of  t h e  h y p e r b o l i c  e x c e s s  v e l o c i t y  v e c t o r  a t  Mars. The r e q u i r e d  
f u e l  l o a d i n g  f o r  t h e  f i r s t  midcourse c o r r e c t i o n  i s  based on t h e  
mean v a l u e ,  

d i s t r i b u t i o n  t h a t ,  i n  t u r n ,  i s  based on t h e  r m s  v a l u e  of CV 

as  e x p l a i n e d  i n  r e f e r e n c e  5 .  pR + 3oR. 

pR, and s t a n d a r d  d e r i v a t i o n ,  0 of a Ray le igh  R '  

M / C  
The f u e l  l o a d i n g  i s  

The no rma l i zed  f u e l  l o a d i n g  r e q u i r e d  i f  t h e  f i r s t  midcourse 
maneuver i s  made a t  t h e  E a r t h ' s  s p h e r e  o f  i n f l u e n c e  i s  shown i n  
f i g u r e  1 2 .  It i s  assumed t h a t  t h e  i n j e c t i o n  c o v a r i a n c e  mat r ix  
i s  r a t h e r  i n s e n s i t i v e  t o  i n j e c t i o n  v e l o c i t y  (C,) i n  t h e  r ange  
of i n t e r e s t  (14.5 < C 3  < 1 7 . 0 ) ,  so t h a t  t h e  same 

used  f o r  a l l  d a t e s .  The v a r i a t i o n  of f u e l  l o a d i n g  w i t h  l aunch  
d a t e l e n c o u n t e r  d a t e  i s  small .  The e f f e c t  o f  t h e  t i m e  a t  which 
t h e  c o r r e c t i o n  i s  made, 

l a u n c h  d a t e l e n c o u n t e r  d a t e .  The AVMlc doub les  abou t  4 3  days  

a f t e r  l e a v i n g  t h e  E a r t h ' s  s p h e r e  of i n f l u e n c e .  

can be QINJ 

TM,c, i s  shown i n  f i g u r e  13 f o r  a t y p i c a l  

An a d d i t i o n a l  f u e l  a l l o t m e n t  i s  n e c e s s a r y  i f  t h e  aim p o i n t  
a t  Mars i s  b i a s e d  a t  E a r t h  i n j e c t i o n .  T h i s  i s  done t o  e n s u r e  
t h a t  t h e  s p a c e c r a f t  w i l l  n o t  e n t e r  t h e  Mars atmosphere w i t h  g r e a t e r  
p r o b a b i l i t y  t h a n  l o - *  even i f  no midcourse maneuver i s  performed. 
T h i s  a l s o  e n s u r e s  t h a t  t h e  t r a n s t a g e  ( T i t a n  I I I C  i n j e c t i o n  s t a g e )  
w i l l  no t  e n t e r  t h e  Mars atmosphere i f  i t s  r e t r o  maneuver f a i l s .  
A 1.0-m/sec v e l o c i t y  c o r r e c t i o n  in t h e  most s e n s i t i v e  d i r e c t i o n  
c a n  change t h e  p o s i t i o n  i n  t h e  impact parameter  p l a n e  by a b o u t  
25  000 km. An a d d i t i o n a l  5-m/sec i s  adequa te  f o r  i n j e c t i o n  b i a s -  
i n g .  The second midcourse c o r r e c t i o n  i s  s i z e d  t o  n u l l  o u t  t h e  
e r r o r s  a t  t h e  t a r g e t  due t o  e r r o r s  i n  t h e  e x e c u t i o n  of t h e  f i r s t  
midcourse c o r r e c t i o n .  The e r r o r  i n  t h e  magnitude of t h e  f i r s t  
midcourse c o r r e c t i o n  i s  less  than  0 . 1  m/sec.  The f u e l  l o a d i n g  
f o r  t h e  second midcourse c o r r e c t i o n  i s  l e s s  t h a n  1 .0  m/sec.  A 
f u e l  l o a d i n g  of 30 m/sec i s  s u f f i c i e n t  f o r  b o t h  midcourse c o r r e c -  
t i o n s  and i n j e c t i o n  b i a s i n g .  
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6.  APPROACH AND RELAY COMMUNICATION LINK GEOMETRY 

36 

The maximum a l l o w a b l e  e n t r y  f l i g h t p a t h  a n g l e ,  y E ,  f o r  a 

g iven  e n t r y  b a l l i s t i c  c o e f f i c i e n t  i s  h e a v i l y  dependent  on t h e  
assumed M a r t i a n  a tmosphere .  
p a t h  a n g l e  i n  t h e  minimum a tmosphere  i s  abou t  -24" f o r  a n  e n t r y  
b a l l i s t i c  c o e f f i c i e n t  of 0.375 s l u g s / f t 2 .  It w a s  shown i n  r e f -  
e r e n c e  1 t h a t  i f  p r o j e c t e d  D S N  t r a c k i n g  c a p a b i l i t y  i s  assumed,  
a nominal e n t r y  f l i g h t p a t h  a n g l e  of -21"  may be s e l e c t e d .  The 
5313 d i s p e r s i o n  about  t h e  nominal i s  3". 
b i l i t y  assumed co r re sponds  t o  a 30  n a v i g a t i o n  u n c e r t a i n t y  i n  
p e r i a p s i s  a l t i t u d e  a t  t h e  t i m e  of l a n d e r  d e f l e c t i o n  of abou t  
110 km. 

The maximum a l l o w a b l e  e n t r y  f l i g h t -  

The p r o j e c t e d  DSN capa-  

Typ ica l  approach  geometry showing b o t h  t h e  s u p p o r t  module 
f l y b y  t r a j e c t o r y  and t h e  l a n d e r  t r a j e c t o r y  i s  shown i n  f i g u r e  14. 
The view is i n  t h e  t r a j e c t o r y  p l a n e  of  b o t h  t h e  s u p p o r t  module 
and  l ande r  as  s e e n  from t h e  g e n e r a l  d i r e c t i o n  of t h e  M a r t i a n  n o r t h  
p o l e .  The suppor t  module i s  o r i e n t e d  toward t h e  E a r t h ,  s e p a r a t e d ,  
and  spun up some 1 7  h r  b e f o r e  l a n d e r  e n t r y .  The l a n d e r  i s  re- 
o r i e n t e d  f o r  d e f l e c t i o n  and a AV of  abou t  75 m/sec impar ted  w i t h  
t h e  ACS. The AV i s  g i v e n  i n  a d i r e c t i o n  t h a t  speeds  t h e  l a n d e r  
up  s o  t h a t ,  a t  t h e  t i m e  of e n t r y ,  t h e  s u p p o r t  module l a g s  s u f f i -  
c i e n t l y  t o  e n s u r e  a t  l eas t  10 min of p o s t l a n d  d a t a  ove r  t h e  r e l a y  
l i n k .  The s c i e n c e  requi rement  f o r  a l a n d i n g  s i t e  su rvey  i s  t h u s  
s a t i s f i e d .  Three s u p p o r t  module f l y b y  t r a j e c t o r i e s  a r e  shown t o  
i l l u s t r a t e  t h e  e f f e c t  o f  f l y b y  p e r i a p s i s  a l t i t u d e .  The a n g l e  
between t h e  h y p e r b o l i c  e x c e s s  v e l o c i t y  v e c t o r  and  t h e  d i r e c t i o n  
t o  E a r t h ,  (,, i s  160".  Contours  o f  c o n s t a n t  5 ,  a re  shown i n  

f i g u r e  10 and a of 160" i s  s e e n  t o  co r re spond  t o  a n  e a r l y  ( E  
encoun te r  d a t e .  The l a n d e r  e n t r y  p o i n t  c o r r e s p o n d s  t o  a of 

-21"  and a 

f p s ) .  The l a n d e r  e n t r y  p o i n t  i s  uprange  abou t  1 . 5 "  f o r  eve ry  
deg ree  i n c r e a s e  i n  y E .  The e n t r y  p o i n t  i s  a p p r o x i m a t e l y  5" 

f u r t h e r  downrange f o r  a of 3 .0  km/sec.  The downrange a n g l e  

t r a v e r s e d  d u r i n g  e n t r y  i s  abou t  12" ( r e f .  1). 

VHE of 3 . 6  km/sec ( e n t r y  v e l o c i t y  of a b o u t  20 000 

A 2 2 "  e l e v a t i o n  mask i s  shown a t  touchdown. The l a t e s t  en-  
v i ronmen ta l  c r i t e r i a  document ( r e f .  3 )  s t a t e s  t h a t  98% of t h e  
l and ing  s i t e s  on Mars have s l o p e s  less  t h a n  2 2 " .  
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Ear ly  i n  t h e  s t u d y ,  a s t e r i l i z e d  t r a i l e r  mode f o r  t h e  s u p p o r t  
module was i n v e s t i g a t e d .  The t r a i l e r  was s e p a r a t e d  from t h e  l a n d e r  
by s p r i n g s  and t r a i l e d  t h e  l a n d e r  t o  a p p r o x i m a t e l y  t h e  same e n t r y  
p o i n t .  Th i s  mode o f  o p e r a t i o n  i s  o n l y  d e s i r a b l e  f o r  y E  s t e e p e r  

t h a n  about  -40" due t o  t h e  22"  e l e v a t i o n  mask. The t r a i l e r  mode 
was not  c o n s i d e r e d  f u r t h e r .  

The maximum p o s t l a n d  r e l a y  l i n k  t ime,  tpL, o c c u r s  when t h e  

suppor t  module a t  l a n d e r  touchdown i n  t h e  minimum a tmosphere  
(min. e n t r y  t ime)  i s  a t  t h e  r i g h t - h a n d  e l e v a t i o n  mask as  shown 
i n  f i g u r e  1 4 .  Time marks 10 min apa r t  a r e  shown t o  i l l u s t r a t e  
t h e  l e n g t h  of  p o s t l a n d  r e l a y  l i n k  t i m e  a v a i l a b l e .  The tpL i s  

seen  t o  i n c r e a s e  as  f l y b y  p e r i a p s i s  a l t i t u d e  i n c r e a s e s .  A t  t h e  
same t i m e ,  however,  communication r a n g e s  ove r  t h e  r e l a y  l i n k  a re  
i n c r e a s i n g  w i t h  p e r i a p s i s  a l t i t u d e  d e g r a d i n g  t h e  sys tem p e r -  
formance of t h e  l i n k .  The l e n g t h  of  tpL i s  d e s i g n e d  f o r  e n t r y  

i n  t h e  maximum a tmosphere .  The e n t r y  t i m e s  a s  a f u n c t i o n  of  a tmos-  
p h e r e ,  b a l l i s t i c  c o e f f i c i e n t ,  and yE  a re  summarized i n  f i g u r e  

15. The range  i s  from a b o u t  3 . 3  t o  7 . 2  min f o r  a 
(23" 3 0 )  and a b a l l i s t i c  c o e f f i c i e n t  of 0.375. 

of  -21"  YE 

Even i n  a f a i l u r e  mode where t h e  p a r a c h u t e  f a i l s  t o  d e p l o y ,  

= - 2 4 0 7  
t h e  minimum t i m e  from t h e  end of b l a c k o u t  t o  impact  

min. a tmosphere)  i s  51 s e c .  
s t reams ( t i m e  l a g  of  46 s e c  due  t o  b l a c k o u t )  t o  be t r a n s m i t t e d .  

Th i s  a l l o w s  t i m e  f o r  b o t h  r e l a y  d a t a  

The uhf r e l a y  l i n k  on t h e  s u p p o r t  module i s  l o c a t e d  o p p o s i t e  

a re  
t h e  h igh-ga in  d i r e c t  l i n k  a n t e n n a .  The l o c u s  of p o s i t i o n s  of  t h e  
suppor t  module when i t s  r e l a y  a n t e n n a  a s p e c t  a n g l e s ,  a 
30,  9 0 ,  and 120" a r e  shown ( f i g .  14 ) .  The b a s e l i n e  d e s i g n  re- 

t o  be l e s s  t h a n  go",  which i s  s l i g h t l y  p a s t  s t r i c t s  t h e  a 
overliead of t h e  touchdown p o i n t  f o r  a 

c o u r s e ,  r educes  t h e  

mask on t h e  l e f t .  The p o s i t i o n  of t h e  s u p p o r t  module f o r  a 
90" moves 10" f u r t h e r  downrange f o r  e v e r y  10" d e c r e a s e  i n  

The (, f o r  l a t e  encoun te r  d a t e s  c a n  be as  low a s  140" .  A t r a d e  

s t u d y  i s  n e c e s s a r y  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of  i n c r e a s i n g  

tPL  ('S/M 

S/M' 

S /M 
of  160" .  T h i s ,  o f  LE 

due t o  c u t o f f  b e f o r e  t h e  22"  e l e v a t i o n  tPL 
- - 

S /M 
5 , .  

> 9 0 " )  t h rough  a n t e n n a  d e s i g n  on t h e  s u p p o r t  module.  

3 %  
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The b a s e l i n e  d e s i g n  r e s t r i c t s  t h e  l a n d e r  a n t e n n a  a s p e c t  a n g l e ,  
du r ing  e n t r y  t o  be l ess  t h a n  55" ( o r  up t o  7 7 "  f o r  l a n d i n g  ac , 

on a 22" s l o p e ) .  Th i s  co r re sponds  t o  a s u p p o r t  module e l e v a t i o n  
a n g l e  a t  touchdown of 35".  
c a p s u l e  touchdown co r re spond ing  t o  a s u p p o r t  module e l e v a t i o n  
a n g l e  a t  touchdown of 35" i s  shown i n  f i g u r e  14. The tPL i s  

a g a i n  reduced  from t h e  t h e o r e t i c a l  maximum cor re spond ing  t o  t h e  
22" e l e v a t i o n  mask t o  e i t h e r  s i d e  of t h e  touchdown p o i n t .  

The l o c a t i o n  of t h e  suppor t  module a t  

Even w i t h  t h e s e  r e s t r i c t i o n s  imposed t o  make a c o n s e r v a t i v e  
d e s i g n  f o r  t h e  r e l a y  l i n k ,  t h e  d e s i g n  g o a l  of  a t  l e a s t  10 min 
p o s t l a n d  r e l a y  l i n k  t ime  i s  o b t a i n a b l e  i n  t h e  maximum a tmosphere .  
A nominal f l y b y  p e r i a p s i s  a l t i t u d e  of 2500 km i s  r e q u i r e d .  A t  t h e  
t ime  of t h e  c a l c u l a t i o n  of t h e  second midcourse  c o r r e c t i o n ,  t h e  
n a v i g a t i o n  p l u s  maneuver u n c e r t a i n t y  r e s u l t s  i n  a c o n s e r v a t i v e  
3 0  e r r o r  i n  p e r i a p s i s  a l t i t u d e  of 300 t o  500 km. The e r r o r  i n  
p e r i a p s i s  a l t i t u d e  due t o  e x e c u t i o n  e r r o r s  of  t h e  second midcourse  
maneuver is  small  i n  comparison t o  t h o s e  caused  by n a v i g a t i o n  
u n c e r t a i n t y .  I f  t h e  nominal  p e r i a p s i s  a l t i t u d e  i s  2500 km, a con- 
s e r v a t i v e  e s t i m a t e  of t h e  3 0  d i s p e r s i o n  i s  500 km. Even i f  t h e  

t u r n s  o u t  t o  be t h e  -3a v a l u e  of 2000 km, p r e d i c t e d  v a l u e  of  

s l i g h t l y  more t h a n  10 min i s  o b t a i n e d  i n  t h e  maximum a tmosphere .  
The b a s e l i n e  geometry as a f u n c t i o n  of  p r e d i c t e d  
c ros sha tched  i n  f i g u r e  14. 

hP 

hp  i s  shown 

The LV r e q u i r e d  f o r  l a n d e r  d e f l e c t i o n  i s  shown i n  f i g u r e  16 
a s  a f u n c t i o n  o f  p e r i a p s i s  a l t i t u d e  and c a p s u l e  an tenna  a s p e c t  
a n g l e  d e s i g n  f o r  e n t r y  ( o r  s u p p o r t  module e l e v a t i o n  a n g l e  a t  t ouch-  
down). The d a t a  shown a re  f o r  a 

km/sec. The AVEJ i n c r e a s e s  f o r  a s t e e p e r  yE and d e c r e a s e s  f o r  

A comple te  set  of d a t a  t h a t  i l l u s t r a t e  t h e  v a r i a t i o n  a lower V 

i s  g iven  i n  r e f e r e n c e  1. 

t ime  from d e f l e c t i o n  t o  l a n d e r  e n t r y ,  o f  16.5 h r .  T h i s  co r re sponds  
t o  d i s t a n c e s  f rom t h e  c e n t e r  of  Mars between 160 000 and 225 000 
km f o r  

of - 2 1 "  and a VHE of 3 . 6  YE 

HE' 
The AVEJ shown i s  f o r  a c o a s t  t i m e ,  

between 2 .4  and  3 . 6  km/sec.  'HE 

The AVEJ i s  v e r y  n e a r l y  i n v e r s e l y  p r o p o r t i o n a l  t o  c o a s t  t ime  

and can be e a s i l y  e s t i m a t e d  f o r  a n y  o t h e r  c o a s t  t i m e .  A l s o  c r o s s -  
p l o t t e d  on t h e  c a r p e t  p l o t  i s  t h e  

of 160" and a maximum a 
t h e  DVEJ i s  n e a r l y  independent  of  hp o r  a The b a s e l i n e  

( E  

tPL 

tpL, c o r r e s p o n d i n g  t o  a 

of 9 0 " .  For a g i v e n  d e s i r e d  

C'  

S /M 
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d e s i g n  a i m s  f o r  a n  hp of  2500 km. Based on t h e  p r e d i c t e d  v a l u e s  

o f  hp a t  t h e  t ime  of  l a n d e r  d e f l e c t i o n ,  t h e  AVEJ and d e f l e c -  

t i o n  a n g l e ,  'T 

suppor t  module a t  touchdown i n  t h e  minimum a tmosphere  i s  35".  
The AVEJ r e q u i r e d  v a r i e s  between 55 and 75 m/sec .  

t i o n  a n g l e ,  a n g l e  between t h e  v e l o c i t y  v e c t o r  b e f o r e  d e f l e c t i o n  
and t h e  AVEJ, i s  approx ima te ly  -40" (40" down). 

i n  r e f e r e n c e  1, d e f l e c t i o n  a n g l e s  t h i s  h i g h  r e s u l t  i n  small  d i s -  
p e r s i o n s  i n  

of  0.35 deg f o r  a 30 p o i n t i n g  e r r o r  of 0 . 5 " ) .  
r e o r i e n t e d  through an  a n g l e  of  about  30" a f t e r  d e f l e c t i o n  t o  ob -  
t a i n  a nominal z e r o  a n g l e  of a t t a c k  a t  e n t r y .  

i n t  t o  t h e  r e f e r e n c e  maneuver s t r a t e g y  v a r i e s  between 10.5 and 1 6  
min, depending  on t h e  p e r i a p s i s  a l t i t u d e  d i s p e r s i o n .  The AVEJ 

may be minimized i f  t h e  t d e s i r e d  i s  h e l d  c o n s t a n t ,  i ndependen t  

of the  b e s t  e s t i m a t e  of  hp a t  t h e  t ime o f  d e f l e c t i o n .  Th i s  r e -  

q u i r e s  e i t h e r  a h i g h e r  nominal p e r i a p s i s  a l t i t u d e  o r  a l a r g e r  
a d e s i g n .  A t r a d e  s t u d y  i s  r e q u i r e d  t o  f i n d  t h e  optimum maneuver 

a re  a d j u s t e d  s o  t h a t  t h e  e l e v a t i o n  a n g l e  of t h e  E J '  

The d e f l e c -  

A s  d i s c u s s e d  

due t o  p o i n t i n g  e r r o r s  a t  d e f l e c t i o n  ( a  30  e r r o r  

The l a n d e r  must be 

The tpL c o r r e s p o n d -  

YE 

PL 

C 

I 42  

s t r a t e g y  

7 .  POSTLANDING D I R E C T  LINK 

The pr imary p o s t l a n d i n g  m i s s i o n  l a s t s  f o r  a b o u t  3 d a y s ,  t h r e e  
d i r e c t  l i n k  t r a n s m i s s i o n  p e r i o d s  t o  E a r t h .  The requ i r emen t  i s  
f o r  a t o t a l  of l o 7  b i t s  of  d a t a  d u r i n g  t h e  t h r e e  l i n k s .  
S-band an tenna  i s  g r a v i t y - o r i e n t e d  ( l o c a l  v e r t i c a l )  a f t e r  t ouch-  
down. The t o t a l  number o f  b i t s  of d a t a  i s  dependent  on t h e  b i t  
r a t e  and l e n g t h  of  t ime  of E a r t h  v i s i b i l i t y .  The b i t  r a t e  i s  a 
f u n c t i o n  of  t h e  Ear th- to-Mars  communication d i s t a n c e  a t  e n c o u n t e r ,  
t r a n s m i t t e r  power, and  a n t e n n a  ha l f -power  beamwidth ( o r  e q u i v a -  
l e n t l y  an tenna  g a i n ) .  For a 30-day l aunch  p e r i o d  w i t h  a C 3  of  
16 .7  km2/sec2, t h e  r ange  of p o s s i b l e  e n c o u n t e r  d a t e s  i s  J a n .  14 
t o  Mar. 1 , 1 9 7 4 .  The c o r r e s p o n d i n g  communication d i s t a n c e  v a r i e s  
between 0 . 9 6  and 1.4 a u  (1 a u  i s  149 597 890 km). The t r a n s m i t t e r  
power s e l e c t e d  i s  50 W .  The d e s i g n  a n t e n n a  ha l f -power  beamwidth 
i s  4 6 " .  

The 



The E a r t h  viewtime i s  d i r e c t l y  a f u n c t i o n  of l a n d i n g  s i t e  
l a t i t u d e ,  e n c o u n t e r  d a t e ,  and an tenna  ha l f -power  beamwidth. The 
E a r t h  viewtime w i t h i n  a g iven  half-power beamwidth i s  a maximum 
when t h e  l a t i t u d e  of t h e  l a n d i n g  s i t e  i s  e q u a l  t o  t h e  l a t i t u d e  1 

of t h e  sub-Earth p o i n t .  For t h e  r ange  of a r r i v a l  d a t e s  d i s c u s s e d  
above ,  t h e  l a t i t u d e  of sub -Ear th  v a r i e s  between -20 and -12". 
The E a r t h  viewtime i s  shown i n  f i g u r e  17 as a f u n c t i o n  of d a t e  
and l a n d i n g  s i t e  l a t i t u d e  f o r  a half-power beamwidth of 46". 
maximum viewtime i n c r e a s e s  by a n  hour  f o r  a half-power beamwidth 
of 60". The l a n d i n g  s i t e  l a t i t u d e  i s  ground r u l e d  t o  be between 
4-20'. - 
c o u n t e r  d a t e ,  a t  l e a s t  3 . 1  h r  of  viewtime i s  r e q u i r e d  f o r  e a c h  of  
t h e  f i r s t  t h r e e  d i r e c t  l i n k s  t o  o b t a i n  t h e  t o t a l  of lo7  b i t s .  
Of t h i s  t i m e ,  112 h r  i s  a l lowed  f o r  c a r r i e r  l ockup  so t h a t  2.6 
h r  i s  a v a i l a b l e  f o r  d a t a  t r a n s m i t t a l .  To s a t i s f y  t h i s  viewtime 
c o n s t r a i n t ,  t h e  l a n d i n g  s i t e  l a t i t u d e  must be s e l e c t e d  t o  be  n e a r  
t h e  l a t i t u d e  of t h e  sub -Ear th  p o i n t ,  i . e . ,  s o u t h e r l y  l a t i t u d e s .  

The 

Based on t h e  r e f e r e n c e  an tenna  d e s i g n  and  t h e  l a t e s t  en-  

C o n s i d e r a t i o n  must a l s o  be g iven  t o  t h e  90-day l i f e t i m e  
wea the r  s t a t i o n  mode of o p e r a t i o n  t h a t  r e q u i r e s  abou t  5000 b i t s  
of d a t a  per  day.  With a d e s i g n  b i t  r a t e  o f  8-113 b p s ,  t h i s  re -  
q u i r e s  a n  E a r t h  viewtime of 30 min ( i n c l u d i n g  t i m e  f o r  c a r r i e r  
l o c k u p ) .  The l a n d i n g  s i t e  l a t i t u d e  r e q u i r e d  t o  s a t i s f y  b o t h  t h e  
3-day m i s s i o n  and  t h e  90-day w e a t h e r - s t a t i o n  m i s s i o n  are sum- 
marized i n  f i g u r e  18 a s  a f u n c t i o n  of e n c o u n t e r  d a t e .  To s a t i s f y  
t h e  3-day m i s s i o n ,  t h e  l a n d i n g  s i t e  l a t i t u d e s  must be between t h e  
b o u n d a r i e s  c o r r e s p o n d i n g  t o  3 . 1  h r .  The l a t i t u d e s  c o r r e s p o n d i n g  
t o  0 . 5  h r  of  viewtime are a l s o  shown as a f u n c t i o n  of d a t e .  The 
lower boundary on l a t i t u d e  a s  a f u n c t i o n  of e n c o u n t e r  d a t e  i s  
found by t r a n s l a t i n g  t h e  lower 0 .5 -h r  boundary t o  t h e  l e f t  by 9 0  
d a y s .  The ea r l i e s t  encoun te r  d a t e  f o r  a 30-day l aunch  p e r i o d  i s  
J a n .  1 4 ,  1974,  a s  shown i n  f i g u r e  11. The a l l o w a b l e  l a n d i n g  s i t e  
l a t i t u d e s  f o r  t h i s  encoun te r  d a t e  a r e  -24 t o  -12.5".  The l a t e s t  
a l l o w a b l e  e n c o u n t e r  d a t e  i s  Mar. 1, 1974. The a l l o w a b l e  l a t i t u d e s  
a r e  -12.5 t o  -6 .5" .  

I f  t h e  S-band a n t e n n a  were  o r i e n t e d  normal t o  t h e  s p i n  a x i s  
of  Mars w i t h  t h e  same half-power beamwidth, 46",  l a n d i n g  s i t e  
l a t i t u d e s  between 245" a r e  p e r m i s s i b l e .  However, t h e  r e q u i r e d  
e n c o u n t e r  d a t e s  a r e  from Apr. 1 t o  May 1, 1974,  which a r e  n o t  
p e r m i s s i b l e  due t o  t h e  l a r g e  communication d i s t a n c e  t o  t h e  E a r t h .  
I n c r e a s i n g  t h e  ha l f -power  beamwidth f o r  a g r a v i t y - o r i e n t e d  a n t e n n a  
t o  60" does  n o t  y i e l d  t h e  r e q u i r e d  number o f  b i t s  of d a t a  a s  d i s -  
c u s s e d  i n  t h e  Telecommunications S e c t i o n  of volume 11. 
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8 .  MISSION ANALYSIS CONCLUSIONS 

The m i s s i o n  a n a l y s i s  c o n c l u s i o n s  drawn from t h i s  s t u d y  f o r  
t h e  s o f t  l a n d e r / s u p p o r t  module m i s s i o n  mode concept  a r e  as  f o l -  
lows : 

1) The T i t a n  I I I C  p r o v i d e s  a d e q u a t e  performance and 

2)  A 20-day l aunch  p e r i o d  i s  p o s s i b l e ;  

3)  Longi tude  t a r g e t i n g  f l e x i b i l i t y  a l l o w s  f u l l  p l a n e t  

margins  ; 

coverage .  L a t i t u d e  f l e x i b i l i t y  i s  l i m i t e d  by s i m p l e  
d i r e c t  communication l i n k  c o n f i g u r a t i o n ;  

4 )  A nominal o p e r a t i o n a l  sequence  h a s  been developed  
t h a t  has  s u f f i c i e n t  margin t o  cope w i t h  u n c e r t a i n t i e s ,  
t o l e r a n c e s ,  and c o n t i n g e n c i e s  d u r i n g  the f l i g h t ;  

5 )  A s c i e n t i f i c a l l y  s i g n i f i c a n t  m i s s i o n  can  be r e a l i z e d  

6) F u r t h e r  t r a d e  s t u d i e s  and performance o p t i m i z a t i o n  

w i t h  t h i s  c o n f i g u r a t i o n  and mis s ion  mode; 

s t u d i e s  can  l e a d  t o  b e t t e r  communication t imes,  more 
d a t a  r e t u r n ,  and g r e a t e r  l a n d i n g  s i t e  l a t i t u d e  s e l e c -  
t i o n  f l e x i b i l i t y .  
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CONFIGURATION STUDIES 

1 . PREFERRED APPROACH 

The p r e f e r r e d  c o n f i g u r a t i o n  r e s u l t i n g  from t h i s  s t u d y  i s  an  
a t t i t u d e  s t a b i l i z e d  s o f t  l a n d e r  u s i n g  t h e  d i r e c t  e n t r y  mode w i t h  
a f l y b y  u n s t e r i l i z e d  s u p p o r t  module . T a b l e  7 p r e s e n t s  l a u n c h  t o  
l a n d i n g  per formance  pa rame te r s  . 

TABLE 7 . -  PERFORMANCE PARAMETERS 

Launch v e h i c l e  . . . . . . . . . . . . . . . . .  
L a u n c h d a t e  . . . . . . . . . . . . . . . . . .  
C3. k&/sec2  . . . . . . . . . . . . . . . . . .  
A r r i v a l  d a t e  . . . . . . . . . . . . . . . . . .  
VHE. km/sec . . . . . . . . . . . . . . . . . .  
I n j e c t e d  payload c a p a b i l i t y .  l b  . . . . . . . .  
S p a c e c r a f t  w e i g h t .  l b  . . . . . . . . . . . . .  
Space v e h i c l e  margin.  l b  . . . . . . . . . . . .  
AVMlc .  mlsec . . . . . . . . . . . . . . . . . .  
Encoun te r  we igh t .  l b  . . . . . . . . . . . . . .  
Flyby p e r i a p s i s  a l t i t u d e .  hp. km . . . . . . . .  
D e f l e c t i o n  AV. m/sec . . . . . . . . . . . . . .  

deg (max.) . . . . . . . . . . . . . . . . .  . 
V E .  f p s  . . . . . . . . . . . . . . . . . . . .  
B (11-ft d i a d .  s 1 u g / f t 2  . . . . . . . . . . . .  
E n t r y  w e i g h t .  l b  . . . . . . . . . . . . . . . .  

E 

P a r a c h u t e  deployment  a l t i t u d e .  f t  . . . . . . .  
( 5 5 - f t  diam chu te )  . s l u g / f t 2  . . . . . . .  B~~~ 

V e r n i e r  i g n i t i o n  a l t i t u d e .  f t  . . . . . . . . .  
U s e f u l  l anded  w e i g h t .  l b  . . . . . . . . . . . .  

T i t a n  I I I C  

J u l  . 18. 1 9 7 3  

1 5 . 7  

J a n  . 2 5 .  1 9 7 4  

3 . 3  

2787  

2 5 6 8  

219 
30 

2 3 5 0  

2500  

7 5  

- 2 4  

1 9  200  

.375 

1 8 5 9  

11 500  

.038 

5300  

9 4 7  

4 7  



System D e f i n i t i o n  

The s p a c e c r a f t ,  which c o n s i s t s  o f  t h e  f l i g h t  c a p s u l e  and i t s  
s u p p o r t  module , performs a l l  f l i g h t  f u n c t i o n s  from s e p a r a t i o n  
from t h e  T i t a n  I I I C  l aunch  v e h i c l e  t h rough  t h e  end o f  t h e  90-day 
mis s ion  on t h e  Mars s u r f a c e .  

The s p a c e c r a f t  i s  composed of  s i x  major  a s s e m b l i e s  shown sche -  
m a t i c a l l y  i n  f i g u r e  1 9 .  Major components i n  e a c h  assembly  a r e  
i d e n t i f i e d .  To s o f t  l and  t h e  947 l b  o f  u s e f u l  landed  w e i g h t ,  a 
2568-1b t o t a l  s p a c e c r a f t  i s  r e q u i r e d .  The l a n d e r  h a s  an  a e r o s h e l l  
d i ame te r  o f  11 f t  r e q u i r i n g  a 1 2 . 5 - f t  bu lbous  shroud on  t h e  l aunch  
v e h i c l e .  F i g u r e  20 shows t h e  p r e f e r r e d  s p a c e c r a f t  i n t e g r a t e d  
w i t h  t h e  shroud and l a s t  s t a g e  of  t h e  l aunch  v e h i c l e .  F i g u r e s  
2 1  t h r u  23 p r e s e n t  a l a y o u t  s t u d y  o f  t h e  f l i g h t  c a p s u l e  and sup-  
p o r t  module e l e m e n t s .  

The major sys t em e l emen t s  and c h a r a c t e r i s t i c s  a r e  d e s c r i b e d  
i n  t h e  f o l l o w i n g  p a r a g r a p h s .  

S c i e n c e . -  The s c i e n c e  subsys tem compr ises  i n s t r u m e n t s  f o r  ob-  
t a i n i n g  s c i e n c e ,  d a t a  h a n d l i n g  equipment  f o r  s p e c i a l  s c i e n c e  d a t a  
c o n d i t i o n i n g ,  f o r m a t t i n g ,  encod ing ,  s t o r a g e ,  and i n s t r u m e n t  se -  
quencing .  

I n s t r u m e n t s  i nc luded  a r e  a n  a c c e l e r o m e t e r  t r i a d ,  a s t a g n a t i o n  
p r e s s u r e  s e n s o r ,  and a t o t a l  t e m p e r a t u r e  s e n s o r  f o r  o b t a i n i n g  
d a t a  d u r i n g  t h e  b a l l i s t i c  e n t r y  phase .  From p a r a c h u t e  deployment  
t o  l a n d i n g ,  ambient  p r e s s u r e  and t e m p e r a t u r e  s e n s o r s ,  a hygrom- 
e t e r ,  and a d o u b l e - f o c u s i n g  mass s p e c t r o m e t e r  o b t a i n  a tmosphe r i c  
d a t a .  

Landed expe r imen t s  a r e  a f a c s i m i l e  camera f o r  panoramic and 
s i t e  s u r v e y  imaging,  a p y r o l y s i s / g a s  chromatograph-mass spec t rom-  
e t e r  (GC-MS) exper iment  f o r  a n a l y z i n g  s o i l  s amples ,  a b i o l o g i c a l  
expe r imen t ,  a s o i l  s a m p l e r ,  and a s u b s u r f a c e  probe  f o r  measur ing  
s o i l  t empera tu re  and h u m i d i t y .  Landed a tmosphe r i c  expe r imen t s  
a r e  t e m p e r a t u r e ,  p r e s s u r e ,  windspeed ,  and c o m p o s i t i o n .  

Data  h a n d l i n g  equipment  c o n s i s t s  o f  d i g i t a l  m u l t i p l e x e r s ,  
s i g n a l  c o n d i t i o n e r s ,  and e n c o d e r ,  a n  i n s t r u m e n t  s e q u e n c e r ,  and a 
s t a t i c  d a t a  s t o r a g e  e l e m e n t .  

S t r u c t u r e s  and mechanisms.- The s p a c e c r a f t  s t r u c t u r e  i n c l u d e s  
t h e  fo l lowing  major  e l emen t s  - -  a d a p t e r / s t e r i l i z a t i o n  c a n i s t e r ,  
s u p p o r t  module s t r u c t u r e ,  a e r o s h e l l ,  a e r o d e c e l e r a t o r ,  l a n d e r ,  and 
l a n d i n g  s y s t e m ,  
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Trans  t a g e  

S o f t  l a n d e r /  
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. . . .. . __ 

F i g u r e  20 .  - I n t e g r a t i o n  Ske tch ,  S o f t  Lander /Suppor t  Module ( U n s t e r t l i z e d )  
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Figure 22.- S o f t  LanderISupport Module 
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The a d a p t e r f s t e r i l i z a t i o n  c a n i s t e r  h a s  two d i s t i n c t  p a r t s .  
The a f t  p o r t i o n  c o v e r s  t h e  launch  v e h i c l e  end o f  t h e  s t e r i l i z e d  
payload and p r o v i d e s  a s t r u c t u r a l  p a t h  between t h e  s p a c e c r a f t  and 
t h e  l aunch  v e h i c l e .  I t  s e a l s  t o  t h e  forw'ard h a l f  t o  exc lude  b i o t a  
a f t e r  s t e r i l i z a t i o n  and i s  provided w i t h  b i o v e n t s  t o  m a i n t a i n  a 
low d i f f e r e n t i a l  p r e s s u r e  du r ing  l aunch  (1.0 p s i g  o r  l e s s ) .  The 
a f t  s e c t i o n  remains  w i t h  t h e  launch v e h i c l e  when t h e  s p a c e c r a f t  
i s  s e p a r a t e d .  The forward s e c t i o n  remains  w i t h  t h e  s p a c e c r a f t  t o  
e n c o u n t e r .  It  s e r v e s  a d u a l - f u n c t i o n  d u r i n g  t h i s  t i m e  -- (1) s e p -  
a r a t e s  t h e  u n s t e r i l i z e d  suppor t  module and c r u i s e - p e c u l i a r  equ ip -  
ment from t h e  s t e r i l i z e d  f l i g h t  c a p s u l e ,  and ( 2 )  s e r v e s  a s  t h e  
mounting s t r u c t u r e  f o r  t h e  c ru ise  s o l a r  a r r a y ,  t h e  c r u i s e  ACS, 
and t h e  sun and Canopus s e n s o r s .  

The s u p p o r t  module s t r u c t u r e  i s  a d i sc - shaped  equipment-mount - 
i n g  b a s e p l a t e  c e n t r a l l y  mounted i n  a s h o r t  c y l i n d r i c a l  body. The 
s k i n  a l s o  s e r v e s  as a r a d i a t o r  t o  m a i n t a i n  t empera tu re  c o n t r o l  of 
t h e  equipment .  

The a e r o s h e l l  i s  a 70" h a l f - a n g l e  cone,  11 f t  i n  d i ame te r  cov-  
e r e d  w i t h  an  SLA-561 a b l a t o r  h e a t  s h i e l d  m a t e r i a l .  A b e r y l l i u m  
s p h e r i c a l  segment cap i s  provided  f o r  e n t r y  s c i e n c e .  A c y l i n d r i c a l  
aluminum a d a p t e r  p rov ides  a s t r u c t u r e  between t h e  a e r o s h e l l  and 
t h e  l a n d e r .  The pr imary  s t r u c t u r e  i s  c o n v e n t i o n a l  r i n g - s t i f f e n e d  
aluminum c o n s t r u c t i o n .  

The a e r o d e c e l e r a t o r  assembly i s  composed o f  a p a r a c h u t e ,  h a r -  
n e s s ,  m o r t a r ,  mor t a r  r e a c t i o n  assembly ,  m o r t a r - s u p p o r t  s t r u c t u r e ,  
and a b a s e  cover  ( b a c k f a c e ) .  The p a r a c h u t e ,  55 f t  i n  d i a m e t e r ,  i s  
deployed a t  Mach 2 on a n  a l t i t u d e  mark command from t h e  guidance  
and c o n t r o l  sys tem.  The l ande r  i s  suspended on a € o u r - l i n k  b r i d l e  
a t t a c h e d  through a swive l  t o  t h e  r i s e r s .  

The l a n d e r  s t r u c t u r e  i s  conven t iona l  aluminum web and cap d e -  
s i g n  w i t h  p r o v i s i o n s  € o r  equipment mounting,  l a n d i n g  g e a r ,  para-  
c h u t e ,  and a e r o s h e l l  a t t achmen t .  

The l a n d i n g  system c o n s i s t s  of  f o u r  e q u a l l y  spaced l e g s  
c r u s h a b l e  f o o t  pads and Surveyor- type  main s t r u t s .  

w i t h  

P r o p u l s i o n . -  Four 3 0 0 - l b - t h r u s t  t h r o t t l e a b l e  monopropel a n t  
eng ines  a r e  used f o r  t h e  p r o p u l s i v e  l a n d i n g  maneuver; p i t c h  and 
yaw a t t i t u d e  c o n t r o l  i s  maintained by d i f f e r e n t i a l  t h r o t t l i n g  
w h i l e  r o l l  c o n t r o l  i s  provided by t h e  r o l l  ACS t h r u s t e r s .  M i d -  
Zourse maneuvers , d e f l e c t i o n  GV, and f l i g h t  c a p s u l e  a t t i t u d e  
c o n t r o l  f rom s e p a r a t i o n  t o  pa rachu te  deployment i s  provided by 
5 - l b - t h r u s t  monopropel lan t  eng ines .  Two p i t c h ,  two yaw, and fou r  
r o l l  eng ines  a r e  used .  Blowdown p r e s s u r i z a t i o n ,  w i t h  gaseous  
n i t r o g e n ,  i s  used  i n  common tankage f o r  b o t h  sys t ems .  



P o s i t i v e  p r o p e l l a n t  o r i e n t a t i o n  i s  p rov ided  by b l a d d e r s .  A t t i t u d e  
c o n t r o l  d u r i n g  t h e  t rans-Mars  c r u i s e  phase  i s  ma in ta ined  by a co ld  
g a s  (GN,) sy s t em o f  1 2  t h r u s t e r s ,  4 f o r  e a c h  a x i s  p r o v i d i n g  pu re  
c o u p l e s .  

Guidance and c o n t r o l . -  The gu idance  and c o n t r o l  sys t em com- 
p r i s e s  a n  i n e r t i a l  measurement u n i t  (IMU), a g e n e r a l - p u r p o s e  
d i g i t a l  computer ,  s u n  and Canopus s e n s o r s ,  v a l v e  d r i v e  a m p l i f i e r s ,  
a t e r m i n a l  d e s c e n t  and l a n d i n g  r a d a r ,  two r a d a r  a l t i m e t e r s ,  and 
a sequencer  f o r  landed  o p e r a t i o n s .  

The I M U  c o n t a i n s  t h r e e  s t rapped-down gyros  f o r  a t t i t u d e  r e f -  
e r e n c e  and t h r e e  a c c e l e r o m e t e r s  f o r  a x i a l  a c c e l e r a t i o n  s e n s i n g .  
T h i s  u n i t  p r o v i d e s  t h e  v e h i c l e  r e f e r e n c e s  f o r  a l l  maneuvers con-  
t i n u o u s l y  from f l i g h t  c a p s u l e  s e p a r a t i o n  t o  p a r a c h u t e  deployment .  
During t h e  t e r m i n a l  d e s c e n t  phase ,  i t  i s  used  i n  t h e  backup i n e r -  
t i a l  guidance  mode and t h e  f i n a l  d e s c e n t  t o  t h e  s u r f a c e .  

The 4000-word computer f u l f i l l s  a l l  computing,  s euqenc ing ,  and 
command decoding  r e q u i r e m e n t s  f o r  t h e  s p a c e c r a f t  f rom l a u n c h  ve-  
h i c l e  s e p a r a t i o n  u n t i l  l a n d i n g  on  t h e  Mars s u r f a c e .  

The modi f ied  LM t e r m i n a l  d e s c e n t  and l a n d i n g  r a d a r  f u r n i s h e s  
v e l o c i t y  and r a n g e  d a t a  r e q u i r e d  f o r  t e r m i n a l  d e s c e n t  and l a n d i n g .  

A l t i t u d e  d a t a  f o r  s c i e n c e  d a t a  c o r r e l a t i o n  and a n  a l t i t u d e  
mark f o r  p a r a c h u t e  deployment  a r e  p rov ided  by a r a d a r  a l t i m e t e r  
t h a t  o p e r a t e s  from 200 000 f t  t o  a e r o s h e l l  s e p a r a t i o n .  A second 
a l t i m e t e r  i s  used i n  t h e  backup gu idance  mode f o r  t h e  t e r m i n a l  
d e s c e n t  and l a n d i n g  p h a s e .  Mar ine r  ' 6 9  s u n  and Canopus s e n s o r s  
p rov ide  t h e - r e f e r e n c e  d u r i n g  t h e  i n t e r p l a n e t a r y  c r u i s e  phase  o f  
t h e  m i s s i o n .  

The s u p p o r t  module i s  s p i n - s t a b i l i z e d  a f t e r  s e p a r a t i o n  from 
t h e  f l i g h t  c a p s u l e  by f o u r  5 - l b  s o l i d  r o c k e t  m o t o r s .  A n u t a t i o n  
damper i s  inc luded  t o  damp o u t  r e s i d u a l  o s c i l l a t i o n s .  A s i m p l e  
s equence r  i s  inc luded  i n  t h e  s u p p o r t  module t o  i n i t i a t e  s p i n u p  
and c o n t r o l  t h e  t r a n s m i t t e r .  

Te lecommunica t ions . -  T h r e e  communication sys t ems  a r e  used i n  
t h i s  sys tem;  a low-gain  S-band,  a uhf  r e l a y ,  and a medium-gain 
S-band d i r e c t  l i n k .  The S-band s y s t e m ,  w i t h  two low-gain  a n t e n -  
n a s  p rov id ing  o m n i d i r e c t i o n a l  c o v e r a g e ,  i s  used  d u r i n g  t h e  t r a n s -  
Mars mis s ion  phase .  T h i s  sys t em,  w i t h  t h e  e x c e p t i o n  o f  one  o f  
t h e  low-gain a n t e n n a s ,  i s  l o c a t e d  i n  t h e  s u p p o r t  module ,  The 
same sys tem u s i n g  a 4 0 - i n .  h i g h - g a i n  a n t e n n a  i s  used t o  r e l a y  
r e a l - t i m e  d a t a  t o  E a r t h  f rom f l i g h t  c a p s u l e  s e p a r a t i o n  th rough  



l a n d i n g .  Data  from t h e  f l i g h t  c a p s u l e  t o  t h e  s u p p o r t  module d u r -  
i n g  t h i s  pe r iod  a r e  t r a n s m i t t e d  v i a  a uhf l i n k .  An a n t e n n a ,  re-  
c e i v e r ,  and b i t  demodulator  a r e  l o c a t e d  i n  t h e  s u p p o r t  module t o  
accompl ish  t h i s  f u n c t i o n .  A f t e r  t h e  i n i t i a l  p o s t l a n d e d  p e r i o d ,  
a l l  l a n d e r  communications a r e  d i r e c t  S-band l i n k  t o  E a r t h .  The 
S-band l i n k s  d e s c r i b e d  a l s o  suppor t  t h e  command and t r a c k i n g  func -  
t i o n s .  

The t e l e m e t r y  subsys tem has  a d a t a  encoder  w i t h  m u l t i p l e  modes 
and o u t p u t  d a t a  r a t e s  o f  8-113 and 33-113 bps f o r  use  d u r i n g  
c r u i s e ,  2400 bps d u r i n g  e n t r y ,  and 8-113,  80, 210 , and 353 bps 
a f t e r  l a n d i n g .  Data  s t o r a g e ,  f o r m a t t i n g ,  and s i g n a l  c o n d i t i o n i n g  
a r e  provided  i n  t h i s  subsys tem.  

Power and p y r o t e c h n i c s . -  Power f o r  t h e  s p a c e c r a f t  i s  provided  
from one o r  a combina t ion  of  four  s o u r c e s .  S o l a r  p a n e l s  mounted 
o n  t h e  forward c a n i s t e r  f u r n i s h  t h e  power d u r i n g  t h e  t r ans -Mars  
c r u i s e  phase .  During maneuvers,  l a n d e r  s i l v e r - z i n c  b a t t e r i e s  p ro -  
v i d e  t h e  energy  r ' equ i r ed .  Power f o r  t h e  s u p p o r t  module i s  f u r -  
n i shed  by an  u n s t e r i l i z e d  s i l v e r - z i n c  b a t t e r y .  The f l i g h t  cap-  
s u l e  uses  t h e  l a n d e r  b a t t e r i e s  from s e p a r a t i o n  th rough  l a n d i n g .  
A f t e r  l a n d i n g ,  power i s  s u p p l i e d  from e i t h e r  t h e  l a n d e r  b a t t e r i e s  
o r  a f i x e d  s o l a r  a r r a y  depending on  t h e  a v a i l a b i l i t y  o f  s o l a r  
e n e r g y .  

A l l  p y r o t e c h n i c  f u n c t i o n s  a r e  i n i t i a t e d  by c a p a c i t o r - s t o r e d  
e n e r g y .  P y r o t e c h n i c  d e v i c e s  have two s q u i b s  pe r  f u n c t i o n  and one 
b r i d g e w i r e  p e r  s q u i b .  S o l i d - s t a t e  s a f e l a r m  and f i r e  s w i t c h e s  
a r e  u s e d .  

Thermal C o n t r o l . -  Thermal c o n t r o l  of  t h e  s u p p o r t  module and 
f l i g h t  c a p s u l e  b e f o r e  l a n d i n g  i s  a c h i e v e d  by p a s s i v e  means u s i n g  
m u l t i l a y e r  i n s u l a t i o n ,  c o a t i n g s ,  and t h e r m o s t a t i c a l l y  c o n t r o l l e d  
h e a t e r s .  The Mars s u r f a c e  thermal  c o n t r o l  i n c o r p o r a t e s  r a d i o i s o -  
t o p e  h e a t e r s ,  3 i n .  o f  s u r f a c e  i n s u l a t i o n ,  and phase  change mate-  
r i a l  on t h e  S-band t r a n s m i t t e r .  Proper  t empera tu re  i s  m a i n t a i n e d  
by moving one o r  more of t h e  f o u r  50-W r a d i o i o s c o p e  h e a t e r s  i n t o  
o r  o u t  of t h e  i n s u l a t e d  a r e a  by t h e r m o s t a t i c a l l y  c o n t r o l l e d  
a c t u a t o r s .  

F u n c t i o n a l  Sequence 

During t h e  t e r m i n a l  launch  countdown, p o r t i o n s  o f  t h e  g u i d -  
ance  and c o n t r o l ,  power, and re lecommunica t ions  subsys tems a r e  
e n e r g i z e d ;  a l l  o t h e r  sys tems a r e  dormant .  A f t e r  i n j e c t i o n  into 
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t he  Mars t r a n s f e r  t r a j e c t o r y  and s e p a r a t i o n  form t h e  l a u n c h  v e h i -  
c l e ,  t h e  c r u i s e  ACS and t h e  communication equipment  a r e  a c t i v a t e d .  
When t h e  s p a c e c r a f t  h a s  emerged from t h e  E a r t h ' s  shadow, s u n /  
Canopus r e f e r e n c e s  a r e  a c q u i r e d  and t h e  sys t em i s  powered down 
f o r  c r u i s e .  Data  a r e  t r a n s m i t t e d  c o n t i n u o u s l y  a t  33-113 bps u n t i l  
t h e  f i r s t  midcourse c o r r e c t i o n s  a r e  comple t ed .  

Two midcourse maneuvers a r e  per formed,  i f  r e q u i r e d .  Commands 
a r e  s e n t  from E a r t h  c o n t r o l l i n g  t h e  d i r e c t i o n ,  magni tude ,  and 
t ime o f  t h e s e  maneuvers .  On r e c e i p t  o f  t h e s e  commands, t h e  i n e r -  
t i a l  gu idance  mode i s  a c t i v a t e d ,  t h e  5 - l b  t h r u s t e r s  a r e  e n a b l e d ,  
and t h e  maneuver i s  per formed.  Fo l lowing  t h e  t h r u s t i n g  p e r i o d ,  
sun/Canopus r e f e r e n c e s  a r e  r e a c q u i r e d ,  t h e  t h r u s t e r s  a r e  d i s a b l e d ,  
and t h e  sys tem i s  powered down f o r  c r u i s e .  S h o r t l y  a f t e r  t h e  
f i r s t  midcourse  maneuver, t h e  d a t a  r a t e  i s  reduced  t o  8-113 bps 
u n t i l  e n c o u n t e r .  

A s  t h e  s p a c e c r a f t  app roaches  Mars ,  commands from E a r t h  a r e  
r e c e i v e d  u p d a t i n g  t h e  s e p a r a t i o n  and d e f l e c t i o n  maneuver param- 
e t e r s ,  i f  r e q u i r e d .  About 1 7  h r  b e f o r e  e n t r y ,  t h e  sys t em i s  a g a i n  
p u t  on i n e r t i a l  gu idance  and o r i e n t e d  w i t h  t h e  s p a c e c r a f t  r o l l  
a x i s  po in t ed  toward E a r t h .  The s u p p o r t  module i s  a c t i v a t e d ,  d a t a  
a r e  t r a n s m i t t e d  th rough  t h e  h i g h - g a i n  an tenna  a t  2400 b p s ,  and 
t h e  l a n d e r  uhf sys t em i s  tu rned  o n ,  The s u p p o r t  module i s  t h e n  
s e p a r a t e d ,  spun  up ,  and c o n t i n u e s  on a f l y b y  t r a j e c t o r y  w i t h  a 
p e r i a p s i s  o f  2500 km. 

The 5 - l b  monopropel lan t  t h r u s t e r s  a r e  a g a i n  enab led  t o  p e r -  
form t h e  a t t i t u d e  c o n t r o l  f u n c t i o n  f o r  t h e  remainder  o f  t h e  
f l i g h t  m i s s i o n .  The v e h i c l e  i s  t h e n  o r i e n t e d  t o  t h e  d e f l e c t i o n  
maneuver a t t i t u d e .  Approximate ly  ha l fway th rough  t h i s  maneuver ,  
t h e  c r u i s e  module i s  s e p a r a t e d ,  t a k i n g  t h e  c r u i s e  s o l a r  a r r a y ,  
c r u i s e  ACS, and s u n  and Canopus s e n s o r s .  Lander  b a t t e r y  power i s  
used th rough  l a n d i n g .  A f t e r  a t t a i n i n g  t h e  p rope r  o r i e n t a t i o n ,  
t h e  four  5 - l b  p i t c h f y a w  t h r u s t e r s  a r e  f i r e d  t o  d e f l e c t  t h e  f l i g h t  
c a p s u l e  i n t o  t h e  Mars a tmosphe re .  The c a p s u l e  and s u p p o r t  module 
a r e  then  powered down u n t i l  j u s t  b e f o r e  e n t r y .  

O n e  hour  b e f o r e  e n t r y ,  t h e  communication l i n k s  a r e  r e a c t i v a t e d .  
The  c a p s u l e  i s  o r i e n t e d  t o  t h e  c o r r e c t  e n t r y  a t t i t u d e ,  and e n t r y  
s c i e n c e  i s  tu rned  o n .  Dur ing  e n t r y ,  t h e  ACS i s  swi t ched  t o  a 
r a t e  damping mode. The h i g h - a l t i t u d e  r a d a r  a l t i m e t e r  i s  a c t i -  
v a t e d  a t  200 000 f t .  P a r a c h u t e  deployment i s  commanded on re-  
c e i p t  o f  t h e  a l t i t u d e  mark from t h e  a l t i m e t e r ,  and t h e  t e r m i n a l  
d e s c e n t  s equence  i s  i n i t i a t e d .  A e r o s h e l l  s e p a r a t i o n  o c c u r s  
s h o r t l y  a f t e r  p a r a c h u t e  deployment .  
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The t e r m i n a l  d e s c e n t  and l and ing  r a d a r  (TDLR), which i s  a c t i -  
v a t e d  a t  a e r o s h e l l  s e p a r a t i o n ,  commands v e r n i e r  e n g i n e  i g n i t i o n  
when t h e  p r o p e r  a l t i t u d e  i s  r eached .  The l o w - a l t i t u d e  a l t i m e t e r ,  
which was a l s o  a c t i v a t e d  a t  a e r o s h e l l  s e p a r a t i o n ,  i s  a backup f o r  
t h i s  f u n c t i o n .  Engine i g n i t i o n  and p rope r  o p e r a t i o n  a r e  v e r i f i e d ,  
t h e  p a r a c h u t e  sys t em i s  j e t t i s o n e d ,  fo l lowed by v e r n i e r  d e s c e n t  
under  c l o s e d - l o o p  TDLR c o n t r o l  t o  60 f t .  The f i n a l  c o n s t a n t  ve-  
l o c i t y  le tdown i s  performed on i n e r t i a l  gu idance  w i t h  a l t i t u d e  
i n f o r m a t i o n  from t h e  r a d a r .  Ten f e e t  above t h e  s u r f a c e ,  t h e  d e -  
s c e n t  i s  s t o p p e d ,  t h e  e n g i n e s  a r e  s h u t  down, and t h e  l a n d e r  i s  
a l lowed t o  f r e e  f a l l  t o  t h e  s u r f a c e .  

B e f o r e  l o s s  o f  t h e  r e l a y  communications l i n k  (2 10 min) t h e  
f a c s i m i l e  camera and a tmospher ic  i n s t r u m e n t s  a r e  dep loyed ,  and 
t h e  low-power sequence r  i s  a c t i v a t e d .  An image o f  t h e  s o i l  sam- 
p l e  s i t e  i s  o b t a i n e d  (and p o s s i b l y  a panoramic view and h i g h  r e s o -  
l u t i o n  image) and t r a n s m i t t e d  t o  t h e  s u p p o r t  module f o r  r e l a y  t o  
E a r t h .  

W e a t h e r - s t a t i o n  d a t a  and e n g i n e e r i n g  a r e  c o l l e c t e d  e v e r y  2 h r  
and s t o r e d  f o r  t r a n s m i s s i o n  t o  E a r t h  when t h e  l i n k  becomes ope ra -  
t i o n a l .  T h i s  o p e r a t i o n  i s  cont inued  u n t i l  t h e  end of  t h e  m i s s i o n .  
Atmospheric  compos i t ion  d a t a  ob ta ined  by t h e  mass s p e c t r o m e t e r  
a r e  o b t a i n e d  a t  8 -h r  i n t e r v a l s  t h rough  t h e  f i r s t  d a y .  

When t h e  E a r t h  i s  i n  t h e  g r a v i t y - o r i e n t e d  an tenna  p a t t e r n  t h e  
f o l l o w i n g  day ,  t r a n s m i s s i o n  i s  i n i t i a t e d  a t  353 b p s .  T h i r t y  
minutes  i s  a l lowed t o  a c q u i r e  t h e  ca r r i e r  on E a r t h .  Most of t h e  
d a t a  t r a n s m i t t e d  d u r i n g  t h i s  per iod  i s  imaging ,  which i s  s e n t  
r e a l  t i m e ;  however, a l l  s t o r e d  d a t a  and s e l e c t e d  r e a l - t i m e  e n g i -  
n e e r i n g  d a t a  a r e  a l s o  t r a n s m i t t e d .  A t o t a l  t r a n s m i s s i o n  p e r i o d  
o f  approx ima te ly  3 h r  i s  used .  Dur ing  t h e  e a r l y  p a r t  o f  t h i s  
p e r i o d ,  t h e  command sys tem i s  locked  up .  I f  a l t e r n a t i v e  s o i l  
sample o r  s u b s u r f a c e  probe deployment s i t e s  a r e  d e s i r e d  ( a s  a 
r e s u l t  o f  image e v a l u a t i o n  from t h e  r e l a y e d  d a t a ) ,  commands t o  
upda te  t h e s e  programs a r e  t r a n s m i t t e d  from E a r t h .  These  i n s t r u -  
ments  a r e  t h e n  a c t i v a t e d ,  t h e  s a m p l e  c o l l e c t e d ,  c o n d i t i o n e d  and 
d i s t r i b u t e d ,  t h e  s o i l  a n a l y s i s  conduc ted ,  and t h e  l i f e  e x p e r i -  
ment s t a r t e d .  The l a t t e r  experiment  i s  c o n t i n u e d  € o r  a minimum 
of 2 days  and up t o  2 weeks i f  power i s  a v a i l a b l e  from t h e  s o l a r  
a r r a y .  The second and t h i r d  days  o p e r a t i o n  i s  s imi la r  t o  t h e  
f i r s t  day  e x c e p t  f o r  i n i t i a t i o n  of  t h e  s o i l  and l i f e  expe r imen t s  
and d e l e t i o n  of  t h e  a tmospher ic  compos i t ion  c y c l e .  

Days 4 t h r u  90 a r e  planned f o r  w e a t h e r - s t a t i o n  o p e r a t i o n ,  
s o l a r  a r r a y  power p e r m i t t i n g ,  The d a t a  r a t e  i s  rediiced t o  8-1/3 
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bps  and the t r a n s m i s s i o n  t i m e  t o  40 min.  Command c a p a b i l i t y  i s  
provided t o  a l t e r  t h i s  sequence  i f  excess power i s  a v a i l a b l e  and 
a l t e r n a t i v e  d a t a  r a t e s  o f  80 and 210 bps may b e  s e l e c t e d  t o  i n -  
c r e a s e  t h e  d a t a  r e t u r n .  

Weight S t a t e m e n t  

A d e t a i l e d  s e q u e n t i a l  w e i g h t  s t a t e m e n t  f o r  t he  p r e f e r r e d  con- 
f i g u r a t i o n  i s  p r e s e n t e d  i n  t a b l e  8 .  

TABLE 8 .  - SEQUENTIAL WEIGHT STATEMENT, PREFERRED CONFIGURATION 

o t a l  s p a c e c r a f t  w e i g h t  

A f t  c a n i s t e r  and a d a p t e r  
S t r u c t u r e  s k i n  and r i n g s  
A d a p t e r  t r u s s  
F i t t i n g s  and b r a c k e t s  
S e p a r a t i o n  mechanisms 
Umbi l ica l  c o n n e c t o r s ,  t u b i n g  and w i r i n g  
B i o l o g i c a l  v e n t s  

i p a c e c r a f t  weight  ( s e p a r a t e d  weight )  

VCS p r o p e l l a n t  (30 m/sec) 
ACS p r o p e l l a n t  

Incoun te r  weight  

Suppor t  module 
S t r u c t u r e  

F l o o r  
Skin  and frames 
B r a c k e t s  

Power t r a n s f e r  s w i t c h  
B a t t e r y  c h a r g e r  
Load c o n t r o l  assembly 
Diodes ,  s h u n t s ,  and i s o l a t i o n  a s s e m b l i e s  
Ag-Zn b a t t e r y  (50 A-h) 

C a p a c i t o r  assembly 
Safe/arm s w i t c h  assembly 
Squib  f i r i n g  s w i t c h  assembly 

Sequencer 
S p i n  r o c k e t s  

Power 

P y r  o t e c hni c s 

C o n t r o l  and sequencing  

9 
3 
3 

2 . 5  
3 
2 
1 . 5  

34 

2 
3 
1 

3 
4 

104 
40 
14  

7 
9 
5 

1 5  

43 

6 

9 

(2568). 

179 

(2389) 

3 2  
7 

(23 50) 

126  

N u t a t i o n  damper 2 
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TABLE 8 . -  SEQUENTIAL WEIGHT STATEMENT, PREFERRED CONFIGURATION - Cont inued  

T e 1 e c ommuni c a t i o  ns  3 9  
uhf r e c e i v e r  and b i t  demodula tor  6 
uhf r e c e i v i n g  an tenna  and s u p p o r t s  6 
Mod u 1 a t o r  - ex  c i t e r 3 
TWTA and power s u p p l y  9 
S-band d i p l e x e r  4 

S-band low-gain an tenna  and s u p p o r t s  2 
r f - s w i t c h  assembly 3 

I n s u l a t i o n  1 
H e a t e r  and t h e r m o s t a t s  1 

S e p a r a t i o n  mechanisms 2 
S e p a r a t i o n  connec to r  2 

S-band h i g h - g a i n  an tenna  6 

Thermal  c o n t r o l  2 

C a b l i n g ,  s u p p o r t s  and mechanisms 12 

C a b l i n g  and s u p p o r t s  8 

Forward c a n i s t e r  
Suppor t  module a d a p t e r  
S k i n  
Longerons ,  s t i f f e n e r s ,  and r i n g s  
S e p a r a t i o n  mechanisms 
B r a c k e t s  
I n s u l a t i o n  
S e p a r a t i o n  c o n n e c t o r s  

C a n i s t e r  mounted equipment  
I 

I n v e r  t er 
Sun s e n s o r s  
Canopus s e n s o r  and s u n  s h u t t e r  
C r u i s e  s o l a r  a r r a y  
C r u i s e  ACS 

Tanks  
T h r u s t e r s  
Components and l i n e s  
S u p p o r t s  
R e s i d u a l s  

C a b l i n g  and s u p p o r t s  

S e p a r a t e d  c a p s u l e  w e i g h t  

E n t r y  w e i g h t  (B = 0.375) E I 

18 
6 
5 
8 
7 

170 
8 

47 
68  
13 
19  
11 
4 

126 
2 
2 
9 

62 
44 

7 

(1928 

6 8  
1 

(1859 

A e r o s h e l l  ( l l - f t  diam) 256 
S t r u c t u r e  141  
Abla  t o r  105  
S e p a r a t i o n  mechanisms 5 
M i s c e l l a n e o u s  5 
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TABLE 8 . -  SEQUENTIAL WEIGHT STATEMENT, PREFERRED CONFIGURATION - Continued 

S c i e n c e  i n  a e r o s h e l l  
I n s  trumen t s 
Cabl ing  and packaging 

ACS p r o p e l l a n t  

D e c e l e r a t o r  l oad  

P a r a c h u t e  s y s t e m  ( 5 5 - f t  diam, qd = 1 7  p s f )  
Backface  

S k i n  and s t i f f e n e r s  
P a r a c h u t e  c a n i s t e r  s u p p o r t s  
r f  window 
Abla t o r  
I n s u l a t i o n  and c o a t i n g s  
S-band a n t e n n a  

Lander weight  ( v e r n i e r e d  weight )  

Lander VCS p r o p e l l a n t  
Lander  ACS p r o p e l l a n t  

Land ed w e  i gh t 

Lander  p r o p u l s i o n  and r e s i d u a l s  
Fue l  t anks  
N i t r o g e n  
N i t r o g e n  t a n k s  
Landing e n g i n e s  
ACS t h r u s t e r s  
Components and l i n e s  
Suppor ts  
R e s i d u a l s  

Usefu l  landed weight  

Lander  s t r u c t u r e  
T r u s s  
Landing  l e g s  

Lander  subsys tems 
Power 

Ag-Zn b a t t e r i e s  (3 - 80 A-h) 
S o l a r  a r r a y  (25 f t 2 )  
B a t t e r y  c h a r g e r s  
Conver te r  / r e g u l a  t o r  
Power t r a n s f e r  s w i t c h  
Load c o n t r o l  assembly 
Shunts  and i s o l a t i o n  
Diode a s s e m b l i e s  
Undervol tage  s e n s o r s  

8 
4 
4 

1 

(1594) 

125 
104 

52 
1 2  

5 
1 7  
1 7  
1 

(1365: 

159 
1 

(1205: 

2 58 
12  
11 
12 

140 
9 

24 
37 
13 

(947 

209 
155 
54 

(655 
2 73 

186 
17  

9 
7 
2 
4 
2 
2 
6 

C a b l i n g ,  packaging and s u p p o r t s  38 
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TABLE 8 . -  SEQUENTIAL WEIGHT STATEMENT, PREFERRED CONFIGURATION - Continued 

Guidance and c o n t r o l  146 
I n e r t i a l  measurement u n i t  
Computer 
Landing r a d a r  
AMR-1 
AMR-2 
Valve d r i v e  a m p l i f i e r s  
Low power sequencer  
C a b l i n g  and s u p p o r t s  

uhf t r a n s m i t t e r  
uhf a n t e n n a  and c o u p l e r  
M o d u l a t o r - e x c i t e r  
TWTA and power s u p p l y  
S - ba nd med i um- ga i n  a n t e n n a  
S-band low-gain an tenna  
r f  s w i t c h  assembly 
Command r e c e i v e r  
Command d e t e c t o r  
S i g n a l  c o n d i t i o n e r  
Data  encoder  
T r a n s d u c e r  power s u p p l y  
S t e r i l i z a t i o n / b a t t e r y  measurement 

mu1 t i p l e x e r  
S t a t i c  s t o r a g e  
Cab1 i n g  and s u p p o r t s  

S u r v i v a b l e  equipment 

T e 1 e c o mmun i c a t i o n s  

Thermal  c o n t r o l  

I s o t o p e  h e a t e r s  w i t h  a c t u a t o r s  
I n s u l a t i o n  
P h a s e  change m a t e r i a l  
Thermal s w i t c h e s  
I n s u l a t i o n  s u p p o r t  s t r u c t u r e  

P h a s e  change m a t e r i a l  on computer 

C a p a c i t o r  a s s e m b l i e s  
Safe /a rm a s s e m b l i e s  
S q u i b  f i r i n g  s w i t c h  a s s e m b l i e s  
C a b l i n g ,  packaging and s u p p o r t s  

P y r o t e c h n i c s  

Landed s c i e n c e  
E n t r y  s c i e n c e  (mounted on l a n d e r )  

A c c e l e r o m e t e r s  
Hygrometer 
Mass s p e c t r o m e t e r  

20 
28  
3 9  
1 5  
14 

6 
3 

2 1  
103 

3 
4 
3 
9 
2 
1 
2 
5 
4 
1 

16 
1 

4 
4 

44 
7 7  

5 
20 

6 

2 
1 7  

5 
32 

4 
2 
8 

56 

14 
83 
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TABLE 8 .  - SEQUENTIAL WEIGHT STATEMENT, PREFERRED CONFIGURATION - Concluded 

Landed s c i e n c e  3 9  
F a c s i m i l e  camera 5 
Pyrolysis/GC-MS 1 6  
B i o 1  ogy 8 
S o i l  s ample r ,  p r o c e s s i n g ,  and d i s t r i b u t i o n  2 
Subsur face  probe  3 
Hygrometer 1 
Atmospheric  t e m p e r a t u r e  1 
Atmospheric  p r e s s u r e  1 
Anemometer 2 

Data  au tomat ion  u n i t  8 
Data  hand l ing  1 2  

C a b l i n g  and s u p p o r t s  1 2  
Core s t o r a g e  u n i t  4 

Deployment mechanisms and mas ts  6 

2 .  ALTERNATIVE CONFIGURATIONS 

Othe r  c o n f i g u r a t i o n s  i n v e s t i g a t e d  d u r i n g  t h i s  s t u d y  i n c l u d e d :  

1) A s t e r i l i z e d  s u p p o r t  module; 

2) Suppor t  module t r a j e c t o r i e s  t h a t  a l l o w  i t  t o  e n t e r  
t h e  Mars a tmosphere ;  

3 )  An a t t i t u d e  s t a b i l i z e d  s u p p o r t  module; 

4 )  A s o l a r  powered s u p p o r t  module; 

5) A f l i g h t  c a p s u l e  communicat ions subsys t em t h a t  p ro -  
v i d e s  a l l  c r u i s e  communicat ions u s i n g  t h e  s u p p o r t  mod- 
u l e  o n l y  f o r  r e l a y i n g  e n t r y  d a t a .  

The fo l lowing  pa rag raphs  b r i e f l y  d i s c u s s  t h e  p r o s  and cons  of 
e a c h  of t h e s e  a l t e r n a t i v e s .  

A c o n f i g u r a t i o n  was i n v e s t i g a t e d  i n  which  t h e  e n t i r e  s p a c e -  
c r a f t  i s  enc losed  i n  t h e  s t e r i l i z a t i o n  c a n i s t e r  and s t e r i l i z e d .  
T h i s  a l lowed s u p p o r t  module t r a j e c t o r i e s  t h a t  e n t e r  t h e  Mars a t -  
mosphere t o  be c o n s i d e r e d .  T h i s  s t u d y  began l o o k i n g  a t  a " t r a i l e r "  
mode o f  o p e r a t i o n ,  i . e . ,  t h e  s u p p o r t  module was s e p a r a t e d  w i t h  a 
low r e l a t i v e  v e l o c i t y  and a l lowed t o  t r a i l  t h e  c a p s u l e  i n t o  t h e  
a tmosphere .  O b t a i n i n g  communicat ions geometry  t h r o u g h  e n t r y  and 
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t h e  immediate p o s t l a n d i n g  p e r i o d  proved i m p r a c t i c a l .  F lyby  t r a -  
j e c t o r i e s  a r e  r e q u i r e d  t o  s a t i s f y  t h e s e  r e q u i r e m e n t s .  The s t e r i -  
l i z e d  s u p p o r t  module c o n f i g u r a t i o n  i n v e s t i g a t i o n  was c o n t i n u e d ,  
however,  because  o f  some a p p a r e n t  advan tages  i n  t o t a l  sys tem 
w e i g h t ,  a more i n t e g r a t e d  sys t em and p o t e n t i a l  u se  of  i d e n t i c a l  
equipment i n  t h e  s u p p o r t  module and t h e  l a n d e r .  I t  was subse -  
q u e n t l y  judged t h a t  t h e  d i sadvan tage  o f  hav ing  t o  s t e r i l i z e  t h e  
s u p p o r t  module and c r u i s e - p e c u l i a r  hardware ( c r u i s e  s o l a r  a r r a y ,  
c r u i s e  ACS, s u n  s e n s o r s ,  and Canopus s e n s o r s )  outweighed t h e s e  
a d v a n t a g e s .  

Another  a l t e r n a t i v e  s t u d i e d  was a n  a t t i t u d e  s t a b i l i z e d  sup-  
p o r t  module. The s u n  and Canopus s e n s o r s  and t h e  c r u i s e  a t t i t u d e  
c o n t r o l  sys tem were a v a i l a b l e  f o r  t h i s  f u n c t i o n  b u t  a d d i t i o n a l  
c o n t r o l  e l e c t r o n i c s  and p o s s i b l y  a second i n e r t i a l  measurement 
u n i t  were r e q u i r e d .  T h i s  sys tem would c e r t a i n l y  be more complex 
and c o s t l y  t h a n  t h e  s p i n  s t a b i l i z e d  c o n f i g u r a t i o n  and i s  n o t  r e c -  
ommended. 

Keeping t h e  c r u i s e  s o l a r  a r r a y  w i t h  t h e  s u p p o r t  module f o r  
power a f t e r  s e p a r a t i o n  from t h e  f l i g h t  c a p s u l e  was c o n s i d e r e d .  
T h i s  concept  was r e j e c t e d  a f t e r  a n a l y z i n g  t h e  s i z e  (-60 f t 2 )  and 
p h y s i c a l  c o n f i g u r a t i o n  of  t h e  c r u i s e  s o l a r  a r r a y  r e q u i r e d  t o  sup-  
p o r t  t h e  s p a c e c r a f t  d u r i n g  t h e  t rans-Mars  mis s ion  phase .  To make 
t h i s  c o n f i g u r a t i o n  r i g i d  enough t o  be  compa t ib l e  w i t h  s p i n  s t a b i -  
l i z a t i o n  r equ i r emen t s  was deemed i m p r a c t i c a l .  

The f i n a l  t r a d e  conducted concerned t h e  c r u i s e  communications 
f u n c t i o n .  Because b o t h  t h e  suppor t  module and t h e  l a n d e r  have an  
S-band t r a n s m i t t e r ,  e i t h e r  might be used t o  t r a n s m i t  d a t a  d u r i n g  
t h i s  phase .  The 1973 mis s ion  geometry d i c t a t e s  o m n i d i r e c t i o n a l  
cove rage .  Two h e m i s p h e r i c a l  coverage  a n t e n n a s ,  one l o c a t e d  on 
t h e  s u p p o r t  module and one on the  l a n d e r ,  b e s t  s a t i s f y  t h i s  re- 
qu i r emen t .  A s i n g l e  command r e c e i v e r  and d e t e c t o r  l o c a t e d  i n  t h e  
l a n d e r  can  s a t i s f y  t h e  command f u n c t i o n .  The d e c i s i o n  t o  use  t h e  
s u p p o r t  module t r a n s m i t t e r  f o r  the e n t i r e  c r u i s e  phase  was based 
on  avo id ing  t h e  thermal  c o n t r o l  complexi ty  r e q u i r e d  t o  u s e  t h e  
l a n d e r  t r a n s m i t t e r  f o r  a p o r t i o n  o f  t h e  mis s ion .  

3 .  CONCLUSIONS 

The p r e f e r r e d  c o n f i g u r a t i o n  d e s c r i b e d  i n  t h i s  document i s  a 
p r a c t i c a l  means of  a c h i e v i n g  the  t e c h n i c a l  and program o b j e c t i v e s  
a s  o u t l i n e d  i n  t h e  c o n t r a c t  s t a t e m e n t  o f  work. 
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The prime o b j e c t i v e  of  minimizing c o s t  by u s i n g  proven ha rd -  
ware  and t echno logy  i s  achieved  i n  t h e  fo l lowing  a r e a s :  

1 )  A modif ied LM r a d a r  i s  used i n  t h e  t e r m i n a l  d e s c e n t  
and l a n d i n g  sys tem;  

2) An eng ine  be ing  q u a l i f i e d  by Wal t e r  K i d d e  and Company 
i s  modif ied f o r  u se  i n  t h e  v e r n i e r  p r o p u l s i o n  sys tem 
i n  c o n j u n c t i o n  w i t h  a modif ied LTV t h r o t t l e  v a l v e ;  

3 )  ACS t h r u s t e r s  be ing  q u a l i f i e d  by Rocket  Resea rch  Cor-  
p o r a t i o n  a r e  used f o r  midcourse  and d e f l e c t i o n  maneu- 
v e r s  a s  w e l l  a s  t h e  l a n d e r  ACS f u n c t i o n ;  

4 )  A modif ied Mar iner  c r u i s e  ACS i s  i n c o r p o r a t e d ;  

5) The s i l v e r - z i n c  b a t t e r i e s  i n  t h e  l a n d e r  a r e  s i z e d  SO 

t h a t  t echnology from t h e  E l e c t r i c  S t o r a g e  B a t t e r y  
development c o n t r a c t  i s  d i r e c t l y  a p p l i c a b l e ;  

6) The b a t t e r y  i n  t h e  s u p p o r t  module u s e s  t h e  Mar iner  
' 6 9  c e l l s  d i r e c t l y ;  

7) The guidance  and c o n t r o l  d i g i t a l  computer i s  a modi- 
f i e d  Centaur  u n i t ;  

8) The te lecommunica t ions  subsys tem i n c o r p o r a t e s  a com- 
b i n a t i o n  o f  hardware and t echno logy  from t h e  Mar iner  
program; 

9) Mar iner  ' 6 9  sun  and Canopus s e n s o r s  a r e  used a s  b u i l t .  

Many o f  t h e s e  a r e  i n c l u d e d  a t  a s i g n i f i c a n t  we igh t  p e n a l t y .  
I n  a d d i t i o n  t o  t h e s e  i t ems ,  sys tem s i m p l i f i c a t i o n s  ( r e l a t i v e  t o  
t h e  c o n f i g u r a t i o n s  s t u d i e d  i n  t h e  p r e v i o u s  m i s s i o n  mode s t u d i e s )  
have been i n c o r p o r a t e d  t o  r educe  t h e  c o s t .  The f i x e d  l a n d i n g  
l e g s ,  f i x e d  l a n d e r  s o l a r  a r r a y ,  common midcourse/deflection/entry 
ACS t h r u s t e r s ,  and common t anks  f o r  b o t h  monopropel lan t  sys tems 
a r e  prime examples .  
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SUBSYSTEM STUDIES 

1. SCIENCE 

A c t i v i t y  i n  d e s i g n  of  t h e  s c i e n c e  subsystem covered t h r e e  
main a r e a s .  These  were a s t u d y  of b i o l o g y ,  t h e  c a n d i d a t e  i n s t r u -  
ments ,  and t h e  e f f e c t s  o f  o t h e r  parameters  and d e v i c e s  on t h e  
b i o l o g y  exper iment ;  a c q u i r i n g ,  p r o c e s s i n g ,  and d i s t r i b u t i n g  a 
r e p r e s e n t a t i v e  s o i l  sample;  and t h e  s u b s u r f a c e  s o i l  p r o b e  w i t h  
t h e  d e v i c e s  f o r  d e t e c t i n g  mois ture  and measuring t e m p e r a t u r e  
f l u c t u a t i o n s .  S t u d i e s  i n  d e p t h  were made i n  s o i l  m o i s t u r e  d e t e c -  
t i o n  -- t h e  s o i l  p robe ,  s o i l  sample a c q u i s i t i o n ,  and d i r e c t  b i o l -  
ogy.  D e t a i l e d  r e p o r t s  c o v e r i n g  t h e s e  s t u d i e s  a r e  i n c l u d e d  i n  
volume I1 o f  t h i s  r e p o r t .  

Subsystem D e s c r i p t i o n  

The m i s s i o n  o b j e c t i v e s  and t h e  s c i e n c e  r e q u i r e d  t o  meet them 
shown i n  t a b l e  9 were g i v e n  by Langley Research  C e n t e r .  T h i s  
t a b l e  a l s o  shows t h e  p a r a m e t e r s  measured by e a c h  i n s t r u m e n t  i n  
meet ing t h e  m i s s i o n  o b j e c t i v e s .  These  i n s t r u m e n t s  and p a r a m e t e r s  
measured a r e  d i s c u s s e d  i n  t h e  fo l lowing  s e c t i o n .  

E n t r y  s c i e n c e ,  b a l l i s t i c  phase . -  I n s t r u m e n t s  c a r r i e d  on t h e  
a e r o s h e l l  i n c l u d e  a dynamic p r e s s u r e  s e n s o r  and a t o t a l  tempera-  
t u r e  s e n s o r .  These  a r e  mounted on a s p e c i a l  p l a t e  c a r r i e d  a t  t h e  
apex of t h e  a e r o s h e l l .  These  two i n s t r u m e n t s ,  t o g e t h e r  w i t h  t h e  
a c c e l e r o m e t e r  t r i a d  ( a t  t h e  c e n t e r  o f  g r a v i t y ) ,  and t h e  r a d a r  
a l t i m e t e r ,  y i e l d  most of  t h e  d a t a  d u r i n g  t h e  b a l l i s t i c  e n t r y  phase 
t o  s a t i s f y  t h e  m i s s i o n  o b j e c t i v e  f o r  a t m o s p h e r i c  r e c o n s t r u c t i o n .  

The aeroshe l l -mounted  i n s t r u m e n t s  a r e  d i s c a r d e d  a l o n g  w i t h  
t h e  a e r o s h e l l  a t  p a r a c h u t e  deployment .  F i g u r e  24 shows t h e  l o c a -  
t i o n  o f  t h e s e  i n s t r u m e n t s .  

E n t r y  s c i e n c e ,  t e r m i n a l  d e s c e n t  p h a s e . -  During t e r m i n a l  d e -  
s c e n t  t h e r e  i s  an o p p o r t u n i t y  t o  measure a t m o s p h e r i c  q u a n t i t i e s  
by d i r e c t  measurement.  A group o f  f o u r  i n s t r u m e n t s  a r e  used t o  
make t h e  measurements of  t e m p e r a t u r e ,  p r e s s u r e ,  humidi ty  and com- 
p o s i t i o n  d u r i n g  d e s c e n t  from 11 500 t o  5300 f t .  T h e s e  a r e  impor- 
t a n t  measurements because  t h e y  p r o v i d e  a n  anchor  p o i n t  f o r  v e r t i -  
c a l  a tmosphere r e c o n s t r u c t i o n  and t h e s e  y i e l d  t h e  f i r s t  composi- 
t i o n  d a t a .  The l o c a t i o n  of t h e s e  i n s t r u m e n t s  i s  shown i n  f i g u r e  
2 4 .  The d a t a  t a k e n  d u r i n g  e n t r y  and t e r m i n a l  d e s c e n t  a r e  t r a n s -  
m i t t e d  t o  E a r t h  i n  r e a l  t ime v i a  t h e  s u p p o r t  module. 
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S u r f a c e  s c i e n c e . -  The s u r f a c e  s c i e n c e  i n s t r u m e n t s  a r e  i d e n t i -  
f i e d  i n  t a b l e  9 and i n c l u d e  meteorology i n s t r u m e n t s  ( p r e s s u r e ,  
t e m p e r a t u r e ,  wind v e l o c i t y ,  and m o i s t u r e ) ,  f a c s i m i l e  camera,  g a s  
chromatograph-mass s p e c t r o m e t e r / p y r o l y s i s ,  d i r e c t  b i o l o g y ,  s o i l  
s ample r ,  and a s u b s u r f a c e  p robe .  The landed  s c i e n c e  c o n f i g u r a -  
t i o n ,  showing t h e  meteoro logy  i n s t r u m e n t s ,  f a c s i m i l e  camera,  s o i l  
s ample r ,  and s u r s u r f a c e  probe i n  t h e  deployed p o s i t i o n ,  is  shown 
i n  f i g u r e  2 5 .  

A f t e r  l a n d i n g ,  t h e  f a c s i m i l e  camera i s  ex tended  f o r  s u r f a c e  
imaging, and meteorology i n s t r u m e n t s  a r e  deployed on an e x t e n d i n g  
mast.  These  i n c l u d e  a r o t a t i n g  cup anemometer and a n  aluminum 
o x i d e  hygrometer .  The t e r m i n a l  d e s c e n t  i n s t r u m e n t s ,  measuring 
tempera ture  and p r e s s u r e ,  now per form t h e i r  second f u n c t i o n  a s  
meteorology i n s t r u m e n t s .  The t e r m i n a l  d e s c e n t  aluminum o x i d e  hy- 
grometer  i s  now used a s  a c a l i b r a t i o n  comparison i n s t r u m e n t  a n d ,  
because i t  h a s  a lower d e t e c t i o n  t h r e s h o l d  and a s u b s e q u e n t  n a r -  
row d e t e c t i o n  r a n g e ,  i t  s e r v e s  a s  a backup w i t h i n  t h i s  r a n g e .  

Immediately a f t e r  t h e  meteoro logy  i n s t r u m e n t s  a r e  d e p l o y e d ,  
weather  d a t a  a r e  sensed  and t r a n s m i t t e d .  The f a c s i m i l e  camera 
s t a r t s  t a k i n g  t h e  f i r s t  s i t e  s u r v e y  imagery d a t a ,  a s e c t o r  90" i n  
azimuth and 25" i n  e l e v a t i o n ,  having  a r e s o l u t i o n  o f  O . l " / l i n e .  
(Other az imuth  and e l e v a t i o n  combina t ions  a r e  p o s s i b l e . )  These  
imagery d a t a  a l o n g  w i t h  t h e  meteoro logy  d a t a  a r e  t r a n s m i t t e d  t o  
E a r t h  i n  r e a l  t ime v i a  t h e  f l y b y  s u p p o r t  module. T h i s  t r a n s m i s -  
s i o n  p e r i o d  l a s t s  f o r  a minimum o f  10 min. Panoramic and h i g h -  
r e s o l u t i o n  imagery i s  programed and r e t u r n e d  i f  t h e  r e l a y  l i n k  
i s  a v a i l a b l e .  A l l  f u t u r e  d a t a  t r a n s m i s s i o n s  a r e  d i r e c t  t o  E a r t h .  

The sequence  o f  s c i e n c e  i n s t r u m e n t  o p e r a t i o n  and d a t a  t r a n s -  
m i s s i o n s  a r e  shown i n  more d e t a i l  i n  t h e  O p e r a t i o n a l  D e s c r i p t i o n  
s u b s e c t i o n .  

S c i e n c e  d a t a  h a n d l i n g . -  F i g u r e  2 6  i s  a f u n c t i o n  b l o c k  d iagram 
o f  t h e  s c i e n c e  subsys tem showing t h e  s c i e n c e  d a t a  a u t o m a t i o n  u n i t  
( D A U ) .  The s c i e n c e  i n s t r u m e n t s  a r e  c a t e g o r i z e d  by e n t r y  i n s t r u -  
m e n t s  - -  t h o s e  t h a t  a c q u i r e  d a t a  d u r i n g  t h e  b a l l i s t i c  phase o f  
t h e  e n t r y  p e r i o d ;  by  l a n d e r  mounted t e r m i n a l  d e s c e n t  i n s t r u m e n t s  
- -  t h o s e  t h a t  a c q u i r e  d a t a  d u r i n g  p a r a c h u t e  d e s c e n t ;  and by t h e  
lander-mounted s u r f a c e  s c i e n c e  i n s t r u m e n t s .  
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Data from t h o s e  i n s t r u m e n t s  t h a t  have 0 t o  5 V ana log  o u t p u t  
s i g n a l s  a r e  no t  mu l t ip l exed  by the DAU, b u t  a r e  mul t ip l exed  and 
s t o r e d  d i r e c t l y  by t h e  te lemetry d a t a  encode r .  The i n s t r u m e n t s  
i nc luded  i n  t h i s  c a t e g o r y  a r e  the  a c c e l e r o m e t e r  t r i a d ,  s t a g n a t i o n  
p r e s s u r e  t r a n s d u c e r ,  t o t a l  t empera tu re  t r a n s d u c e r ,  and t h e  AR,O3 
hygrometer  e n t r y  i n s t r u m e n t s .  The s u r f a c e  i n s t r u m e n t s  i n  t h i s  
c a t e g o r y  a r e  t h e  meteorology i n s t r u m e n t s  t h a t  i n c l u d e  t h e  p r e s s u r e ,  
t e m p e r a t u r e ,  hygrometer ,  and t h e  anemometer, and t h e  s u b s u r f a c e  
probe  i n s t r u m e n t s  t h a t  i n c l u d e  moi s tu re  and t empera tu re  d a t a .  
Bio logy  d a t a  w i l l  a l s o  be sampled by t h e  t e l e m e t r y  encoder  a f t e r  
t h e  f i r s t  t h r e e - d a y  p e r i o d ,  when t h e  DAU i s  turned  o f f .  

The remain ing  s c i e n c e  i n s t r u m e n t s ,  i n c l u d i n g  t h e  two mass 
s p e c t r o m e t e r s ,  gas  chromatograph,  p y r o l y s i s ,  b i o l o g y ,  s o i l  sam- 
p l e r ,  s u b s u r f a c e  p robe ,  and f a c s i m i l e  camera,  which r e q u i r e  se- 
quencing  commands and updated o p e r a t i o n a l  commands from E a r t h ,  
i n t e r f a c e  w i t h  t h e  DAU. The update  commands t o  t h e  DAU w i l l  be  
r e c e i v e d  from t h e  command decoder .  The DAU w i l l  p r o v i d e  power 
d i s t r i b u t i o n  t o  t h o s e  i n s t r u m e n t s  t h a t  i t  o p e r a t i o n a l l y  sequences .  
S c i e n c e  d a t a  t h a t  a r e  sequenced from s c i e n c e  i n s t r u m e n t s  by t h e  
DAU a r e  s t o r e d  i n  a s t a t i c  s t o r a g e  u n i t  f o r  l a t e r  t r a n s m i s s i o n  
t o  E a r t h .  T h i s  i s  t r u e  o f  a l l  i n s t r u m e n t s  excep t  f o r  t h e  facs im-  
i l e  camera,  from which d a t a  a r e  sequenced and t r a n s m i t t e d  i n  r e a l  
time d u r i n g  t h e  d a t a  t r a n s m i s s i o n  p e r i o d s .  

T a b l e  10 i s  a d e t a i l e d  weight  s t a t e m e n t  f o r  t h e  comple te  
s c i e n c e  subsystem. 
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TABLE 1 0 . -  SCIENCE WEIGHT AND POWER 

I n s t r u m e n t  

En t ry  s c i e n c e ,  a e r o s h e l l  mounted 

S t a g n a t i o n  p r e s s u r e  
To t  a 1 temper a t  u r  e 
Cab l ing  and packaging  

T o t a l  

E n t r y  s c i e n c e ,  l a n d e r  mounted 

Accelerometer  t r i a d  
Hygrometer 
Mass s p e c t r o m e t e r  

Landed s c i e n c e  

F a c s i m i l e  camera 
Pyrolysis/GC-MS 
Biology 
S o i l  sampler  
Subsur face  probe  
Hygrometer 
Atmospheric  t e m p e r a t u r e  
Atmospheric  p r e s s u r e  
Anemometer 

Data h a n d l i n g  

Data au tomat ion  u n i t  
Core s t o r a g e  u n i t  

Cabl ing  and s u p p o r t s  

Deployment mechanisms and mas t s  

T o t a l  

Weigh t ,  l b  

3 .O 
1 . o  
4 .O 
8 .0  

4 .O 
2 .o  
8 .O 

5 . 0  
16 .0  

8 .O 
2 . o  
3 . o  
1 .o  
1 . o  
1 .o 
2 .o 

8 . 0  
4.0  

1 2  .o 

6 . 0  

83 .O 

Power, W 

3 .O 
1 .o  

4.0 
1 .o  
8 .O 

10 .o  
20 .o 
10 .o  
10  .o 

. 5  
1 .o  
.5 

1 . 4  
2 . 2  

8 .O 
3 .o  

O p e r a t i o n a l  D e s c r i p t i o n  

F i g u r e  2 7  i d e n t i f i e s  t h e  i n s t r u m e n t  g roup ing  and sequence  of  
t he  e n t r y  i n s t r u m e n t  o p e r a t i o n ,  t o g e t h e r  w i t h  t h e  g r o s s  d a t a  b i t  
c o l l e c t i o n  by e n t r y  p h a s e s .  E n t r y  d a t a  a r e  c o r r e l a t e d  w i t h  a l t i -  
tude d a t a  from t h e  r a d a r  a l t i m e t e r  f o r  p u r p o s e s  o f  a t m o s p h e r i c  
r e c o n s t r u c t i o n .  
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F i g u r e s  2 8  t h r u  30  show t h e  s u r f a c e  s c i e n c e  i n s t r u m e n t  se- 
quencing o v e r  t h e  f i r s t  3-day p e r i o d .  F i g u r e  31 shows t h e  s u r -  
f a c e  s c i e n c e  m i s s i o n  p r o f i l e  f o r  day  4 and beyond.  

Landed s c i e n c e ,  day  1 r e l a y  t r a n s m i s s i o n . -  Immedia t e ly  a f t e r  
l a n d i n g ,  t h e  boom-mounted f a c s i m i l e  camera i s  deployed  3 f t  above 
t h e  t o p  s u r f a c e  o f  t h e  l a n d e r ,  and imagery d a t a  (90'  az imuth  x 25O 
e l e v a t i o n )  a r e  t a k e n  o f  t h e  s o i l  sample a c q u i s i t i o n  a r e a  and t h e  
s u b s u r f a c e  s o i l  p robe  i n s e r t i o n  a r e a .  I n c l u d e d  i n  t h i s  image i s  
one l a n d e r  foo tpad  showing an i m p r e s s i o n  o f  t h e  f o o t p r i n t .  I n -  
fo rma t ion  from t h i s  photograph  i s  used t o  make p r e l i m i n a r y  s o i l  
mechanics d e t e r m i n a t i o n  and s e r v e s  a s  t h e  major  i n p u t  on which  
to b a s e  upda te  commands f o r  s o i l  sample a c q u i s i t i o n  and f o r  s o i l  
probe i n s e r t i o n .  Panoramic and h i g h - r e s o l u t i o n  imagery a r e  p ro -  
gramed and w i l l  be r e t u r n e d  i f  t h e  r e l a y  l i n k  t i m e  i s  a v a i l a b l e .  

The meteoro logy  i n s t r u m e n t s ,  c o n s i s t i n g  o f  a r o t a t i n g  cup  
anemometer and t h e  aluminum o x i d e  hygromete r ,  a r e  deployed  on  an 
ex tend ing  boom t o  a h e i g h t  o f  4 f t  above t h e  t o p  s u r f a c e  o f  t h e  
l a n d e r .  T h i s  deployment  i s  performed a t  t h e  same t i m e  a s  t h e  
camera deployment .  Meteoro logy  d a t a ,  i n c l u d i n g  p r e s s u r e ,  t e m -  
p e r a t u r e ,  wind v e l o c i t y ,  and m o i s t u r e ,  a r e  immedia t e ly  t a k e n  and 
t r a n s m i t t e d  a l o n g  w i t h  t h e  imagery d a t a  o v e r  t h e  uhf r e l a y  l i n k  
du r ing  t h e  i n i t i a l  pos t l anded  p e r i o d .  

Meteoro logy  d a t a  a r e  t a k e n  a t  2 -h r  i n t e r v a l s  a f t e r  t h e  p o s t -  
landed t r a n s m i s s i o n  p e r i o d  and p l aced  i n  s t o r a g e ,  a l o n g  w i t h  o t h e r  
d a t a ,  f o r  t r a n s m i s s i o n  d u r i n g  t h e  d a i l y  d i r e c t  l i n k  t r a n s m i s s i o n  
p e r i o d .  

About 1 h r  a f t e r  l a n d i n g ,  an  a t m o s p h e r i c  sample  i s  a n a l y z e d  
by t h e  e n t r y  mass s p e c t r o m e t e r .  T h i s  i s  r e p e a t e d  8 and 1 6  h r  
l a t e r  f o r  a t o t a l  o f  t h r e e  a tmosphe r i c  samples  a t  t h e  s u r f a c e  
spaced s y m m e t r i c a l l y  abou t  one d i u r n a l  c y c l e .  The r e a s o n s  f o r  
t h i s  s p a c i n g  a r e  a s  f o l l o w s :  t h e  i n t e r i m  p e r i o d  g i v e s  s u f f i c i e n t  
time f o r  t h e  mass s p e c t r o m e t e r  i o n  pump t o  t h o r o u g h l y  purge  t h e  
s y s t e m  from a p r e v i o u s  sample ;  t h i s  g i v e s  an  o p p o r t u n i t y  t o  ob- 
s e r v e  d i u r n a l  v a r i a t i o n s ,  i f  a n y ;  i t  a l s o  a f f o r d s  a n  o p p o r t u n i t y  
t o  obse rve  t h e  d e p l e t i o n  r a t e  o f  s p e c i e s  a s s o c i a t e d  w i t h  t h e  
landed v e h i c l e .  

Landed s c i e n c e ,  day  1 d i r e c t  t r a n s m i s s i o n . -  About 16 h r  a f t e r  
l a n d i n g ,  d i r e c t  communication lockup  from E a r t h  i s  ach ieved  ( s e e  
f i g .  28 ) .  The s t o r e d  d a t a  and r e a l - t i m e  f a c s i m i l e  camera imagery 
d a t a  a r e  t r a n s m i t t e d .  A f t e r  1 h r  o f  t r a n s m i s s i o n ,  t h e  command link 
lockup i s  a c h i e v e d .  The s o i l  sample  a c q u i s i t i o n  and t h e  s u b s u r -  
f a c e  probe w i l l  be preprogramed f o r  o p e r a t i o n ;  however ,  u p d a t e  
deployment commands based on s i t e  s u r v e y  imagery  d a t a  may be 
t r a n s m i t t e d  a t  t h i s  t i m e ,  i f  r e q u i r e d .  

8 0  
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A s o i l  sample i s  acqu i red  and d e p o s i t e d  i n  t h e  s o i l  p r o c e s s o r .  
T h i s  p r o c e s s i n g  c o n s i s t s  of  t h r e e  p r o g r e s s i v e l y  s m a l l e r  s c r e e n s ,  
which a r e  v i b r a t i n g  t o  a s s i s t  i n  b r e a k i n g  up l o o s e l y  bonded l a r g e  
p i e c e s  ( i f  such  bonding e x i s t s ) ,  and p e r m i t s  o n l y  t h o s e  p a r t i c l e s  
t o  e n t e r  the d i s t r i b u t i o n  sys tem t h a t  have passed  th rough  t h e  
s m a l l e s t  s c r e e n .  A p o r t i o n  o f  t h i s  v i b r a t i o n  ene rgy  i s  t r a n s -  
m i t t e d  t o  t h e  sample d i s t r i b u t i o n  sys t em g i v i n g  added a s s u r a n c e  
o f  sample f low.  

The GC-MS p y r o l y s i s  exper iment  i s  i n i t i a t e d  w i t h  t h e  py ro ly -  
s i s ,  chromatograph chemica l  s e p a r a t i o n ,  and mass s p e c t r o m e t e r  
mass s e p a r a t i o n  o f  t h e  no. 1 s o i l  sample .  

The b i o l o g y  exper iment  i s  i n i t i a t e d  and t h e  s u b s u r f a c e  probe  
i s  deployed t o  t h e  s u r f a c e .  The f i r s t  d a t a  from t h e  GC-MS sub-  
s u r f a c e  probe  and b i o l o g y  exper iment  a r e  t r a n s m i t t e d  d u r i n g  t h i s  
d a t a  p e r i o d .  

Landed s c i e n c e ,  day  2 d i r e c t  t r a n s m i s s i o n . -  About 42 h r  a f t e r  
l a n d i n g ,  d i r e c t  communication lockup from E a r t h  i s  achieved  ( s e e  
f i g .  2 9 ) .  The s t o r e d  d a t a  c o l l e c t e d  d u r i n g  t h e  22-hr  pe r iod  con-  
s i s t s  o f  meteoro logy  and s u b s u r f a c e  m o i s t u r e  and t e m p e r a t u r e  d a t a  
t a k e n  e v e r y  2 h r ;  and d i r e c t  b io logy  d a t a  and t h e  g a s  chromatograph 
and mass s p e c t r o m e t e r  d a t a  from pyro lyzed  s o i l  sample no.  2 and 3 
t a k e n  a t  8 - h r  i n t e r v a l s .  An o p p o r t u n i t y  f o r  u p d a t e  commands i s  
a v a i l a b l e ;  t h e s e  a r e  t r a n s m i t t e d  a s  de te rmined  d u r i n g  t h e  a c t u a l  
m i s s i o n .  A n a l y s i s  o f  e a r l i e r  photographs  may show a n  area of  
i n t e r e s t  and a n  upda te  w i l l  make i t  p o s s i b l e  t o  r epho tograph  o r  
photograph  c e r t a i n  s e c t i o n s  i n  h igh  r e s o l u t i o n .  

Landed s c i e n c e ,  day  3 d i r e c t  t r a n s m i s s i o n . -  Day 3 ,  shown i n  
f i g u r e  3 0 ,  i s  s i m i l a r  t o  day 2 w i t h  t h e  e x c l u s i o n  o f  t h e  GC-MS 
d a t a .  T h i s  i n s t r u m e n t  has  performed i t s  f u n c t i o n  and i s  now 
tu rned  o f f .  S to red  meteoro logy ,  d i r e c t  b i o l o g y ,  and s u b s u r f a c e  
probe  d a t a  a r e  t r a n s m i t t e d  followed by imagery d a t a  i n  r e a l  t i m e .  

Landed s c i e n c e ,  day  4 d i r e c t  communicat ion.-  Day 4 ,  shown i n  
f i g u r e  3 1 ,  i s  s i m i l a r  t o  day 3 w i t h  t h e  e x c l u s i o n  of  imaging d a t a .  
The d a t a  now c o n s i s t  o f  meteoro logy ,  d i r e c t  b i o l o g y ,  and s u b s u r -  
f a c e  probe d a t a .  

Land 
t h e  b i o l  
m i s s i o n  

ed s c i e n c e ,  day 5 and c o n t i n u i n g . -  A t  t h e  end of day  4 ,  
ogy i s  tu rned  o f f .  From day  5 th rough  t h e  r e s t  o f  t h e  
( a  g o a l  o f  90 d a y s ) ,  meteorology and s u b s u r f a c e  probe  

d a t a  a r e  t a k e n  e v e r y  2 h r .  The f a c s i m i l e  camera can be r e a c t i -  
v a t e d  i f  s u f f i c i e n t  r e g e n e r a t i v e  power i s  a v a i l a b l e .  Exper iments  
c a n  a l s o  be performed w i t h  t h e  s o i l  a c q u i s i t i o n  d e v i c e .  
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F i g u r e  32 i s  a p r e s e n t a t i o n  o f  an imaging m i s s i o n  and p r e s e n t s  
a summary o f  t h e  d a t a  b i t s  and s u r f a c e  a r e a  imaging  p a t t e r n s  t h a t  
may b e  covered i n  a 3-day  m i s s i o n  p e r i o d .  F i g u r e s  33 and 34  a r e  
s u p p o r t i n g  f i g u r e s  f o r  t h e  imaging m i s s i o n .  A s  n o t e d ,  t h e  a r e a  
of comple te  s u r f a c e  image cove rage  e x t e n d s  from a r a n g e  of  5 m 
from t h e  camera t o  t h e  h o r i z o n  (depending  on t h e  s u r f a c e  f l a t n e s s  
and l a n d e r  a n g l e s  w i t h  r e s p e c t  t o  t h e  l o c a l  s u r f a c e ) .  I n  a d d i -  
t i o n  t o  t h e  panoramic imaging ,  d a t a  c a p a c i t y  i s  a v a i l a b l e  w i t h i n  
the  f i r s t  3 days  f o r  c l o s e - i n  (1 t o  2 . 5  m) s i t e  s u r v e y  imaging 
and h i g h - r e s o l u t i o n ,  O . O l O / l i n e ,  s i t e  examina t ion  images .  

The f i r s t  image t o  be t r a n s m i t t e d  a f t e r  l a n d i n g  (T -t- 1 min) 
w i l l  be preprogramed and w i l l  be a s i t e  s u r v e y  image (90 "  az imuth  
by 25"  e l e v a t i o n )  t o  e v a l u a t e  t h e  l a n d i n g  s i t e  f o r  subsequen t  
s e l e c t i o n  o f  d i r e c t i o n  of  deployment  o f  t h e  s u b s u r f a c e  probe  and 
a r e a  from which s u r f a c e  s o i l  may be g a t h e r e d  by t h e  s o i l  s a m p l e r .  
A sequence  o f  imaging p a t t e r n s  f o r  t h e  m i s s i o n  w i l l  be p r e p r o -  
gramed; however, t h e s e  can  be  updated  i f  r e q u i r e d .  

A d d i t i o n a l  imagery d a t a  w i l l  be t r a n s m i t t e d  a f t e r  t h e  f i r s t  
3 d a y s ,  depending  on  l a n d e r  power c o n d i t i o n s .  F o r  d a t a  t r a n s m i s -  
s i o n  c a p a b i l i t i e s ,  see  s e c t i o n  5 ,  Te lecommunica t ions .  

F i g u r e  35 shows a c o n c e p t u a l  d e s i g n  o f  t h e  s o i l  sample a c q u i -  
s i t i o n  d e v i c e  c o n s i s t i n g  of  a c l a m s h e l l  scoop mounted on t h e  end 
of a n  u n f u r l a b l e  DeHaviland t y p e  boom. The scoop can  be  opened 
and c l o s e d  by a m i n i a t u r e  l i n e a r  a c t u a t o r  motor .  The boom c a n  be  
provided w i t h  two o r  t h r e e  d e g r e e s  o f  f reedom, depending  on t h e  
weight  budget  and t h e  p r i o r i t y  f o r  s ampl ing  f l e x i b i l i t y .  The 
concep tua l  d e s i g n  s u g g e s t s  t h r e e  d e g r e e s  o f  f reedom and e x t e n s i o n  
c a p a b i l i t y  up t o  8 f t .  G r e a t e r  e x t e n s i o n  can  be  p r o v i d e d ;  however 
a we igh t  p e n a l t y  would be  imposed.  

F i g u r e  36  i s  a p r e s e n t a t i o n  o f  a s u b s u r f a c e  s o i l  p robe  con-  
c e p t .  

Probe  i n s e r t i o n :  A s t u d y  h a s  been conduc ted ,  e v a l u a t i n g  t h e  
v a r i o u s  pa rame te r s  a s s o c i a t e d  w i t h  a probe  t o  c a r r y  t e m p e r a t u r e  
s e n s o r s  and a s o i l  m o i s t u r e  s e n s o r .  The s t u d y  c o n s i d e r e d  probe  
d e s i g n ,  i n s e r t i o n  f o r c e  r e q u i r e d ,  and t h e  deployment and i n s e r -  
t i o n  mechanism. F i g u r e  36  shows a c o n c e p t u a l  d e s i g n  o f  t h e  probe 
deployment and i n s e s t i o n  d e v i c e  a l o n g  w i t h  t h e  i n s e r t i o n  f o r c e .  
The f o r c e  r e q u i r e d  f o r  p e n e t r a t i o n  a t  v a r i o u s  d e p t h s  was a r r i v e d  
a t  by conduc t ing  a s e r i e s  of  l a b o r a t o r y  t e s t s  i n  a S c o t t  model 
s o i l ,  and i n  an  u l t r a s o n i c a l l y  compacted s o i l .  T h e s e  t e s t s  show 
t h a t  1 l b  o f  f o r c e  w i l l  i n s e r t  a 0 . 1 0 5 - i n . - d i a m e t e r  probe  t o  a 
1 2 - i n .  d e p t h  i n  t h e  S c o t t  s o i l .  
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Measuring s o i l  m o i s t u r e :  A s t u d y  was made o f  t e r r e s t r i a l  s o i l  
mo i s tu re  c e l l s  t o  d e t e r m i n e  t h e i r  d e t e c t i o n  t h r e s h o l d .  Most of  
t h i s  e f f o r t  was c o n c e n t r a t e d  i n  an  e v a l u a t i o n  o f  t h e  ny lon  b l o c k  
c e l l  produced by I n d u s t r i a l  I n s t r u m e n t s  Company. The c e l l  and 
some of  t h e  t e s t  r e s u l t s  a r e  s e e n  i n  f i g u r e  3 7 .  A more d e t a i l e d  
d e s c r i p t i o n  o f  t h e s e  t e s t s  i s  inc luded  i n  volume 11. A s  i s  s e e n  
i n  f i g u r e  3 7 ,  t h e s e  m o i s t u r e  c e l l s  a r e  u n a c c e p t a b l e  c a n d i d a t e s  
f o r  d e t e c t i n g  t h e  Mars s o i l  m o i s t u r e .  

S o i l  t e m p e r a t u r e  g r a d i e n t :  Measur ing  t h e  s u b s u r f a c e  s o i l  t e m -  
p e r a t u r e  a t  two o r  more d e p t h s  could  y i e l d  some v e r y  i n t e r e s t i n g  
d a t a .  I n  a d d i t i o n  t o  t h e  d i r e c t  t e m p e r a t u r e  d a t a ,  t h e s e  d a t a  c a n  
y i e l d  i n d i r e c t  measures  o f  t h e  s o i l  d i f f u s i v i t y ,  t he rma l  conduc- 
t i v i t y ,  s o i l  m o i s t u r e ,  and P e r m a f r o s t .  Volume I1 shows how a 
s t u d y  o f  t h e  d i u r n a l  f l u c t u a t i o n s  c a n  be  used t o  i n d i c a t e  a meas- 
u r e  o f  t h e  s o i l  m o i s t u r e  and t h e  s t a t e  o f  t h e  m o i s t u r e .  By p l a c -  
i n g  a s m a l l  h e a t i n g  e lement  a t  t h e  t i p  o f  t h e  probe  and a r t i f i -  
c i a l l y  r a i s i n g  t h e  s o i l  t e m p e r a t u r e  abou t  10 o r  2 0 "  i n  t h e  v i c i n -  
i t y  of t h e  t i p ,  t h e  d i f f u s i v i t y  g r a d i e n t  c a n  be o b s e r v e d .  T h i s  
a g a i n  w i l l  y i e l d  i n f o r m a t i o n  on  s o i l  m o i s t u r e  and p e r m a f r o s t .  

Subsu r face  g a s  a n a l y s i s :  The s u b s u r f a c e  s o i l  p robe  p r e s e n t s  
an  o p p o r t u n i t y  t o  make a mass s p e c t r o m e t e r  a n a l y s i s  o f  t h e  sub-  
s u r f a c e  s o i l  g a s .  By v e n t i l a t i n g  t h e  probe  t o  t h e  s o i l ,  p r e f e r a -  
b l y  a t  t h e  t i p ,  and p r o v i d i n g  a g a s - c a r r y i n g  t u b e  t o  t h e  mass 
s p e c t r o m e t e r  i n l e t ,  i t  i s  e n t i r e l y  f e a s i b l e  t o  make a compos i t ion  
measurement of  t h e  s o i l  g a s .  A measure of  t h e  b i o l o g i c a l  a c t i v i t y  
i n  the  s o i l  can  be  made by comparing t h i s  a n a l y s i s  w i t h  a n  atmos-  
p h e r i c  a n a l y s i s .  D i f f e r e n c e  i n  t h e s e  a n a l y s e s  cou ld  be a t t r i b u t e d  
t o  b i o l o g i c a l  a c t i v i t y  i n  t h e  s o i l .  Measur lng  t h e  conduc tance  o f  
t h e  s o i l  g a s  can  g i v e  a measure o f  t h e  s o i l  d e n s i t y  and g r a i n  s i z e  
c a l c u l a t e d  from t h e  pe rmea t ion  r a t e  o f  t h e  g a s .  
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2 .  STRUCTURES AND MECHANISMS 

The s t r u c t u r e  and mechanisms subsys tem c o n s i s t s  o f  t h e  c a n i s -  
t e r l a d a p t e r ,  a e r o d e c e l e r a t o r ,  l a n d e r ,  a e r o s h e l l ,  c r u i s e  module, 
and s u p p o r t  module. 

Can i s  t e r  /Ad a p t  e r  

The c a n i s t e r l a d a p t e r  ( f i g .  2 1 ) ,  which e n c l o s e s  approx ima te ly  
h a l f  o f  t h e  s t e r i l i z e d  hardware ,  i s  an  aluminum s h e l l  s t r u c t u r e  
combined w i t h  an a d a p t e r  t r u s s  t h a t  a t t a c h e s  t h e  s p a c e c r a f t  t o  
t h e  b o o s t e r .  A t  i t s  maximum d i a m e t e r ,  t h e  c a n i s t e r  mates  w i t h  
and i s  s e a l e d  t o  t h e  c l o s u r e  f rame of  t h e  c r u i s e  module. The 
s e a l  is  a l a r g e - d i a m e t e r  e l a s t o m e r i c  band t h a t  i s  s t r e t c h e d  ove r  
t h e  c a n i s t e r  and c r u i s e  module c l o s u r e  f rames t o  e f f e c t  a s e a l .  
I n t e r n a l  p r e s s u r e  i s  l i m i t e d  t o  1 p s i  o r  l ess  d u r i n g  l a u n c h  by 
v e n t i n g  th rough  b i o v e n t s .  A s h o r t  cone  f r u s t u m  i n s i d e  t h e  c a n i s -  
t e r  s k i n  i s  f i t t e d  w i t h  longe rons  and p r o v i d e s  a l o a d  p a t h  from 
t h e  l a n d e r  s t r u c t u r e  th rough  t h e  c a n i s t e r  s k i n .  The a d a p t e r  
t r u s s  t r a n s m i t s  l a u n c h  l o a d s  th rough  t h e  c a n i s t e r  s k i n  from t h e  
longerons  t o  t h e  b o o s t e r  t r a n s t a g e  payload s u p p o r t  f i t t i n g s .  

A e r o d e c e l e r a t o r  

The a e r o d e c e l e r a t o r  assembly ( f i g .  21 )  c o n s i s t s  o f  t h e  p a r a -  
chu te  mor t a r  s u p p o r t  s t r u c t u r e  and t h e  b a s e  c o v e r .  

The p a r a c h u t e  mor t a r  s u p p o r t  s t r u c t u r e  i s  a c y l i n d e r  t h a t  i s  
a t t a c h e d  t o  t h e  l a n d e r  by  f o u r  r a d i a l  beams. A t  t h e  t i p  o f  e a c h  
beam is  a f i t t i n g  t h a t  mates  t h e  l a n d e r  w i t h  t h e  c a n i s t e r l a d a p t e r  
At tachments  a r e  made by b o l t s  and s e p a r a t i o n  n u t s .  Access  t o  
t h e s e  f i t t i n g s  i s  th rough  a c c e s s  h o l e s  i n  t h e  c a n i s t e r l a d a p t e r  
s k i n .  

The b a s e  cove r  c o n s i s t s  o f  two cone  f r u s t u m s  o f  d i f f e r e n t  
a n g l e s  jo ined  i n  tandem. A t  t h e  l a r g e - d i a m e t e r  e n d ,  t h e  b a s e  
cover  s e a t s  a g a i n s t  t h e  a e r o s h e l l  b a s e  r i n g .  A t  t h e  s m a l l  diam- 
e t e r  end ,  t h e  b a s e  cove r  i s  a t t a c h e d  t o  t h e  p a r a c h u t e  mor t a r  sup-  
p o r t  s t r u c t u r e .  F i b e r g l a s  r e i n f o r c e d  compos i t e  s t r u c t u r e  i s  c u r -  
r e n t l y  be ing  c o n s i d e r e d  €o r  f a b r i c a t i n g  t h e  b a s e  c o v e r .  



Lander 

The l a n d e r  ( f i g .  21) i s  composed o f  aluminum/magnesium body 
assembly ,  aluminum l a n d i n g  l e g s ,  and m i s c e l l a n e o u s  b r a c k e t s .  

The l a n d e r  body i s  s q u a r e  i n  p lanform w i t h  t h e  c o r n e r s  t r u n -  
c a t e d  t o  produce 1 6 - i n .  f l a t s  t h a t  form a b a s e  f o r  l a n d i n g  l e g  
a t t a c h m e n t .  The s t r u c t u r e  c o n s i s t s  o f  two 6 - i n .  deep e i g h t - s i d e d  
frames a t  t h e  upper and lower l e v e l s  of  t h e  1 8 - i n .  d e e p  body 
s t r u c t u r e .  V e r t i c a l  c o r n e r  f i t t i n g s  span  t h e  1 8 - i n .  h e i g h t  j o i n -  
i n g  t h e  upper and lower l e v e l  f rames ,  p r o v i d i n g  l a n d i n g  l e g  a t t a c h -  
ment f i t t i n g s ,  and s u p p o r t s  f o r  t h e  f o u r  v e r n i e r  eng ines  and s u p -  
p o r t  f o r  t h e  s u r v i v a b l e  equipment p a l l e t .  T r a n s v e r s e  s h e a r  l o a d s  
a r e  c a r r i e d  by s h e e t  meta l  webs between t h e  upper and lower l e v e l  
f r ames .  

S u r v i v a b l e  equipment i s  packaged on a p a l l e t  (46 i n .  s q u a r e  
w i t h  c l i p p e d  c o r n e r s ) ,  which i s  a t t a c h e d  3 i n .  above t h e  lower 
l e v e l  frame t o  t h e  v e r t i c a l  c o r n e r  f i t t i n g s .  The equipment i s  
enc losed  i n s i d e  3 i n .  of thermal  i n s u l a t i o n .  Approximately 1 2  f t 3  
o f  s u r v i v a b l e  equipment compartment volume i s  p rov ided .  

The l a n d i n g  l e g s  c o n s i s t  of a main s t r u t ,  a b ipod ,  and a f o o t  
pad assembly .  The main s t r u t  c o n t a i n s  a l i q u i d  s p r i n g  shock  a t -  
t e n u a t o r  s i m i l a r  t o  t h e  type  used on Surveyor .  The bipod i s  a 
f i x e d  s t r u c t u r e  having  no energy-absorb ing  c a p a b i l i t y .  The f o o t  
pad assembly i s  equipped w i t h  c r u s h a b l e  ene rgy-abso rb ing  m a t e r i a l .  
The l a t e r a l  s h e a r  s t r e n g t h  of t h e  f o o t  pad i s  des igned  t o  l i m i t  
t h e  bipod l o a d s  i n  t h e  even t  of h i g h  f r i c t i o n  f o r c e s  between 
t h e  Mars s u r f a c e  and t h e  f o o t  pad. The l a n d i n g  l e g s  a r e  a t t a c h e d  
t o  t h e  l a n d e r  i n  a f i x e d  p o s i t i o n  and ,  t h e r e f o r e ,  r e q u i r e  no de -  
ployment .  

I t ems  r e q u i r i n g  mechanical  d e s i g n  a r e  t h e  medium g a i n  S-band 
a n t e n n a ,  s c i e n c e  e x p e r i m e n t s ,  and t h e  i s o t o p e  h e a t e r s .  The S-  
band an tenna  r e q u i r e s  e r e c t i o n  t o  t h e  l o c a l  g r a v i t y  v e c t o r .  

The s c i e n c e  i n s t r u m e n t s  r e q u i r i n g  mechaniza t ion  a r e  t h e  f a c -  
s i m i l e  camera,  t h e  wea the r  s enso r  mas t ,  t h e  s o i l  s ample r ,  t h e  
sample d i s t r i b u t i o n  sys tem,  and t h e  s u b s u r f a c e  probe ( s e e  f i g .  21 ,  
view B - B ) .  

During t r a n s i t  and l a n d i n g ,  t h e  f a c s i m i l e  camera i s  stowed 
a g a i n s t  t h e  l a n d e r  body upper  l e v e l  f rame.  The camera i s  a t t a c h e d  
t o  t h e  frame by a s imple  p i v o t  f i t t i n g  t h a t  i s  s p r i n g  d r i v e n  90' 
t o  t h e  e r e c t e d  p o s i t i o n  when r e l e a s e d .  The camera is  l o c a t e d  s o  
t h a t  i t  can s u r v e y  t h e  a r e a  of  o p e r a t i o n  o f  t h e  s o i l  sampler  and 
t h e  s u b s u r f a c e  p robe .  
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The wea the r  mast i s  a " j ack - in - the -box"  t y p e  o f  t a p e  mas t .  
T h i s  d e v i c e  r e q u i r e s  r e l e a s e  o f  a r e s t r a i n i n g  cove r  t o  a l l o w  d e -  
ployment .  

The s o i l  sampler  i s  an  e x t e n d i b l e  and r e t r a c t a b l e  t a p e  mast  
equipped w i t h  a r t i c u l a t e d  spoons a t  t h e  t i p  and w i t h  a two-ax i s  
d r i v e  a t  t h e  b a s e .  The s o i l  s ample r  p l a c e s  a sample i n  t h e  d i s -  
t r i b u t i o n  sys tem,  which d e l i v e r s  s m a l l  samples  t o  t h e  d i r e c t  b i o l -  
ogy exper iment  and t h e  p y r o l y s i s  u n i t .  

The s u b s u r f a c e  probe i s  a s m a l l  d i a m e t e r  t u b e  ( a p p r o x i m a t e l y  
0 . 1 0 - i n .  d i a m e t e r ) ,  which i s  i n s e r t e d  t o  a d e p t h  o f  a b o u t  1 f t  
i n t o  t h e  s o i l .  The 0 . 1 0 - i n .  i n s e r t i o n  t u b e  i s  s u p p o r t e d  i n s i d e  
a l a r g e r  d i a m e t e r  t u b e  t h a t  i s  a t t a c h e d  t o  t h e  l a n d e r  v i a  a d e -  
ployment arm. 

One of  t h e  f o u r  50-W i s o t o p e  h e a t e r s  i s  mounted a t  e a c h  c o r n e r  
o f  t h e  s u r v i v a b l e  equipment  compartment ,  n e a r  t h e  l a n d i n g  l e g .  
During c r u i s e ,  t h e s e  h e a t e r s  must b e  e x t e r n a l  t o  t h e  s u r v i v a b l e  
compartment t o  a l l o w  t h e  h e a t  t o  be r e j e c t e d  t o  s p a c e .  A f t e r  
l a n d i n g ,  t h e  h e a t e r s  a r e  p o s i t i o n e d  e i t h e r  i n  o r  o u t  o f  t h e  com- 
par tment  depending  on t h e  i n t e r n a l  t e m p e r a t u r e .  

A e r o s h e l l  

The a e r o s h e l l  ( f i g .  21)  i s  an  aluminum skin /a luminum frame 
s h e l l  11 f t  i n  d i a m e t e r .  

The l a n d e r  a d a p t e r  s t r u c t u r e  i s  a p a r t  o f  t h e  a e r o s h e l l  a s -  
sembly and i s  composed o f  forward  and a f t  f rames  and a 5 6 - i n . -  
d i ame te r  s t i f f e n e d  c y l i n d e r .  At tachment  t o  t h e  l a n d e r  i s  by f o u r  
b o l t s  and s e p a r a t i o n  n u t s .  

Attachment  o f  t h e  c r u i s e  module t o  t h e  a e r o s h e l l  i s  by e i g h t  
b o l t s  t h a t  pas s  th rough  t h e  a b l a t o r .  

C r u i s e  Module 

T h i s  assembly ( s e e  f i g .  22)  c o n s i s t s  o f  an  aluminum s k i n ,  
l onge rons ,  r i n g  f r ames ,  s u p p o r t  module a d a p t e r ,  s e p a r a t i o n  sys t em 
and b r a c k e t s  f o r  a t t a c h m e n t  of  s o l a r  p a n e l s ,  s u n  s e n s o r s ,  Canopus 
s e n s o r ,  c r u i s e  ACS, and the rma l  i n s u l a t i o n .  



The s k i n ,  which forms h a l f  t h e  s t e r i l i z a t i o n  c a n i s t e r  f rus tum,  
i s  a cone w i t h  a s p h e r i c a l  segment cap and a c y l i n d r i c a l  1 3 6 - i n . -  
d i a m e t e r  s e c t i o n  1 2 - i n .  l o n g .  

To r e a c t  t h e  s u p p o r t  module i n e r t i a l  l o a d s  d u r i n g  l a u n c n ,  
s t i f f e n e r s  a r e  added t o  t h e  s k i n  of  t h e  c r u i s e  module t o  p r e v e n t  
b u c k l i n g .  A c y l i n d r i c a l  aluminum a d a p t e r  i s  provided  a t  t h e  apex 
t o  a t t a c h  t h e  s u p p o r t  module. The c r u i s e  module i s  a t t a c h e d  t o  
t h e  a e r o s h e l l  a t  e i g h t  p o i n t s  on a 124- in . -d i ame te r  c i r c l e .  

S p r i n g s  t o  e j e c t  t h e  c r u i s e  module from t h e  a e r o s h e l l  a r e  l o -  
c a t e d  i n  t h e  s u p p o r t  module a d a p t e r .  The s p r i n g s  and s e a t s  r e -  
main w i t h  t h e  c r u i s e  module a f t e r  s e p a r a t i o n .  

Sup por t Mod u l  e 

The s u p p o r t  module ( f i g .  23) c o n s i s t s  o f  a n  aluminum c y l i n d e r  
and d i s c  shaped f l o o r .  A 2 6 - i n . - d i a m e t e r Y  8 - i n . - l o n g  c y l i n d e r  
forms t h e  body and a l s o  s e r v e s  a s  t h e  r a d i a t o r  f o r  t he rma l  c o n t r o l .  
The c y l i n d e r  i s  equipped w i t h  r i n g  frames a t  e a c h  end t o  a t t a c h  
t h e  S-band h igh -ga in  an tenna  and t o  mate w i t h  t h e  c r u i s e  module. 

A l l  equipment i s  mounted on t h e  d i s c  shaped f l o o r  f a b r i c a t e d  
o f  aluminum a l l o y ,  approximate ly  0 . 1 2 5  i n .  e f f e c t i v e  t h i c k n e s s .  
The f l o o r  t r a n s m i t s  component l oads  t o  t h e  c y l i n d r i c a l  body and 
a l s o  s e r v e s  t o  conduct  h e a t  from t h e  equipment  t o  t h e  c y l i n d r i c a l  
body,  which a c t s  a s  a r a d i a t o r .  
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3 .  PROPULSION 

There are three separate propulsion subsystems on the pre- 
ferred Mars Lander configuration. As shown in figure 38, the 
landing system also includes the propellant, plumbing, and 
engines associated with the midcourse, deflection, and entry 
attitude control maneuvers. The principal design choices made 
in the determination of this system are: 

1) A monopropellant system was selected in lieu of a 
bipropellant system for design simplicity; 

2 )  The landing and maneuver engines are developed and 
will be qualified by Mar. 1969; 

3) Blowdown pressurization eliminates the reliability 
problems associated with regulators; 

4 )  Nitrogen gas pressurant avoids the helium leakage 
pr ob 1 ems ; 

5) Sterile propellant loading eliminates the operational 
problems associated with terminal sterilization; 

6 )  Developed, qualified components (i.e., ordnance valves, 
filters, hand valves) were selected wherever possible; 

7) Ethylene propylene (EP) bladders are more compatible 
with hydrazine than are butyl bladders; 

8) Common tankage was selected to simplify packaging. 

The cruise mode attitude control system is shown in figure 
39, The principal features o f  this system are: 

1) The propellant is gaseous nitrogen; 

2 )  The critical components (ordnance valves, regulator, 
and thruster valves) are unmodified Mariner '69 
components; 

3) Series thruster valves are included to protect against 
the valve open failure mode. 

The support module solid spin rocket is shown in figure 4 0 .  
A s  in the case of the other engines and critical components, 
these motors are developed and qualified. 
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F i g u r e  39.-  C r u i s e  A t t i t u d e  C o n t r o l  System 
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Figure 40.-  Support Module Spin Rocket 
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Subsystem S t u d i e s  

The p r e f e r r e d  d e s i g n  i s  based  on a s e r i e s  o f  a n a l y s e s  and 
surveys  t o  de t e rmine  t h e  a v a i l a b i l i t y  and a p p l i c a b i l i t y  of 
c r i t i c a l  l ong- l ead  components.  

The l a n d i n g  eng ine  s e l e c t e d  f o r  t h e  t e r m i n a l  d e s c e n t  phase  
i s  manufactured by Wal t e r  Kidde and Company and i s  c u r r e n t l y  
under development f o r  an A i r  Fo rce  program. When compared t o  
a new development ,  t h i s  eng ine  r e p r e s e n t s  a program c o s t  s a v i n g s  
of approx ima te ly  $3.5 m i l l i o n .  The o n l y  r e q u i r e d  m o d i f i c a t i o n s  
t o  t h i s  eng ine  a r e  a r e d u c t i o n  i n  expans ion  r a t i o  t o  be compat- 
i b l e  w i t h  t h e  Mars a tmosphere and t h e  a d d i t i o n  o f  a t h r o t t l e  
v a l v e  t o  p rov ide  t h e  t h r u s t  v a r i a t i o n  r e q u i r e d  f o r  t h e  l a n d e r .  

The eng ine  t h r o t t l e  v a l v e  was a l s o  s e l e c t e d  on t h e  b a s i s  of  
a v a i l a b i l i t y  and c o m p a t i b i l i t y .  The p r e f e r r e d  v a l v e  d e s i g n  i s  a n  
L T V  E l e c t r o s y s t e m s ,  I n c . ,  Minuteman I11 l i q u i d  i n j e c t i o n  t h r u s t  
v e c t o r  c o n t r o l  v a l v e  i n  which t h e  p i n t l e  and s e a t  a r e  mod i f i ed  t o  
be compa t ib l e  w i t h  t h e  l a n d i n g  eng ine  p r e s s u r e  s c h e d u l e  and f low 
r a t e ,  

The e n g i n e s  t h a t  perform t h e  midcour se ,  d e f l e c t i o n ,  and e n t r y  
a t t i t u d e  c o n t r o l  maneuvers a r e  s i m i l a r  t o  t h e  l a n d i n g  e n g i n e s  i n  
t h a t  t h e y  a r e  a l s o  c u r r e n t l y  under  development  f o r  t h e  same p r o -  
gram a s  t h e  l a n d i n g  eng ine  and a r e  c a p a b l e  o f  s a t i s f y i n g  t h e  m i s -  
s i on  r e q u i r e m e n t s .  The re  a r e  no m o d i f i c a t i o n s  o f  t h e  t h r u s t  
chamber n e c e s s a r y  t o  s a t i s f y  t h e  l a n d e r  r e q u i r e m e n t s .  However, 
t h e  t h r u s t  chamber v a l v e  w i l l  have t o  be r e q u a l i f i e d  t o  comply 
w i t h  t h e  r equ i r emen t  of  t e r m i n a l  h e a t  s t e r i l i z a t i o n .  

Mar iner  ' 69  hardware was s t u d i e d  f o r  i t s  a p p l i c a b i l i t y  t o  t h e  
p r e f e r r e d  p r o p u l s i o n  subsystem d e s i g n .  On t h e  b a s i s  of t h e s e  
s t u d i e s ,  t h e  r e g u l a t o r ,  t h r u s t e r  v a l v e s ,  and o rdnance  v a l v e s  were  
s e l e c t e d .  A s  i n  t h e  c a s e  o f  Mar ine r ,  t h e  c o l d  g a s  n o z z l e s  w i l l  
be  t a i l o r e d  t o  t h e  s p a c e c r a f t .  
u n s t e r i l i z e d  s u p p o r t  module,  no m o d i f i c a t i o n s  o f  t h e  Mar iner  h a r d -  
ware a r e  r e q u i r e d  f o r  t h e  Mars l a n d e r .  

With t h e  p r e f e r r e d  concep t  of  a n  

Blowdown p r e s s u r i z a t i o n  was s e l e c t e d  f o r  t h e  l a n d e r  as a r e -  
s u l t  o f  p rev ious  s t u d i e s  ( v o l .  V I  o f  r e f .  1 and r e f .  7 )  and due  
t o  the  f a c t  t h a t  t h e  l a n d i n g  and midcourse  e n g i n e s  w i l l  b e  
q u a l i f i e d  f o r  a blowdown sys t em,  



Conc lus ions  

The s i g n i f i c a n t  c o n c l u s i o n  f o r  the p r o p u l s i o n  subsystems 
a r e :  

1) The p r e f e r r e d  d e s i g n s  f o r  t h e  p r o p u l s i o n  subsys t ems  

2 )  C r i t i c a l  components a r e  a v a i l a b l e  w i t h  minor m o d i f i c a -  

minimize program development r i s k  and c o s t ;  

t i o n s .  
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4 .  GUIDANCE AND CONTROL 

I 104 

The guidance  and c o n t r o l  subsystem c o n s i s t s  of  t h o s e  s e n s o r s  
and a s s o c i a t e d  e l e c t r o n i c s  r e q u i r e d  t o  c o n t r o l  t h e  a t t i t u d e  of 
the  s p a c e c r a f t  d u r i n g  t h e  c o a s t  phase ,  t o  perform midcourse  and 
d e f l e c t i o n  maneuvers ,  and t o  p rov ide  a t t i t u d e  c o n t r o l  d u r i n g  t h e  
e n t r y  phase as i l l u s t r a t e d  i n  f i g u r e  41. It a l s o  p r o v i d e s  t h e  
r e q u i r e d  r e f e r e n c e  f o r  c o n t r o l l i n g  t h e  c a p s u l e  d u r i n g  t h e  t e r m i n a l  
descen t  and l a n d i n g  phase .  

S t e l l a r  s e n s o r s  p rov ide  a n  a t t i t u d e  r e f e r e n c e  d u r i n g  t h e  
c r u i s e  phase .  The e r r o r  s i g n a l s  from t h e s e  s e n s o r s  a r e  fed  t o  
the  c r u i s e  a t t i t u d e  c o n t r o l  system (ACS). During midcourse  and 
d e f l e c t i o n  maneuvers ,  t h e  i n e r t i a l  measurement u n i t  (IMU) p r o -  
v i d e s  t h e  e r r o r  s i g n a l s  r e q u i r e d  f o r  a t t i t u d e  c o n t r o l  and i s  
i n i t i a l i z e d  from t h e  s t e l l a r  s e n s o r s .  

A f t e r  s e p a r a t i o n  from t h e  c a p s u l e ,  t h e  suppor t  module i s  spun 
u p .  Coning w i l l  be minimized th rough  t h e  use  o f  a n u t a t i o n  
damper, 

Before s e p a r a t i o n ,  t h e  i n e r t i a l  measurement u n i t  i s  i n i t i a l -  
i zed  and p r o v i d e s  t h e  a t t i t u d e  r e f e r e n c e  on i n  th rough  e n t r y .  
The s t e l l a r  s e n s o r s  a r e  j e t t i s o n e d  a s  a p a r t  o f  t h e  c r u i s e  module.  
A t  e n t r y ,  t h e  c a p s u l e  e n t r y  ACS i s  swi tched  t o  a r a t e  damping mode 
i n  p i t c h  and yaw. R o l l  a t t i t u d e  hold  i s  ma in ta ined  f o r  an tenna  
p o i n t i n g .  A t  a p r e s e t  a l t i t u d e  measured by t h e  h i g h - a l t i t u d e  
a l t i m e t e r  (AMR-l), t h e  p a r a c h u t e  sequence i s  i n i t i a t e d  and t h e  
a e r o s h e l l  i s  j e t t i s o n e d .  

The l o w - a l t i t u d e  a l t i m e t e r  (AMR-2) and t h e  l a n d i n g  r a d a r  (LR) 
a r e  then  t u r n e d  on.  A t  a p r e s e t  a l t i t u d e ,  t h e  v e r n i e r  e n g i n e s  
a r e  i g n i t e d  and t h e  precomputed v e l o c i t y  vs r a n g e  d e s c e n t  con-  
t o u r  i s  fo l lowed .  During t h e  d e s c e n t ,  t h e  LM r a d a r  i s  used a s  
t h e  pr imary  s e n s o r  provided  a l l  beams a r e  l o c k e d .  O the rwise ,  
t h e  i n e r t i a l  n a v i g a t o r  i s  used a s  t h e  pr imary  s e n s o r .  

The p r e f e r r e d  approach  was s t r o n g l y  shaped by two f a c t o r s  - -  
t h e  r equ i r emen t  t o  i n v e s t i g a t e  t h e  use  of e x i s t i n g  equipment such 
as Mariner  69 s e n s o r s  and t h e  LM r a d a r ,  and t h e  s t e r i l i z a t i o n  r e -  
qu i rement .  

The guidance  and c o n t r o l  equipment  c o n f i g u r a t i o n  s e l e c t e d  f o r  
t h e  s o f t  l a n d e r / s u p p o r t  module w i l l  p r o v i d e  t h e  r e q u i r e d  f u n c t i o n s  
f o r  t h e  1973 Mars l a n d e r  provided  t h a t  development  of  t h e  DIU and 
t h e  LR i s  i n i t i a t e d  d u r i n g  t h e  Phase C s t u d y .  
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The p r e f e r r e d  c o n f i g u r a t i o n  i s  as shown i n  f i g u r e  42 .  

D i g i t a l  
computer 111, 

Valve- e n g i n e s  
d r i v e  
a m p l i f i e r s  + A t t i t u d e  

F i g u r e  42.-  Guidance and C o n t r o l  Subsystem Block  Diagram 

The I M U  p r o v i d e s  a t t i t u d e  and v e l o c i t y  d a t a  f o r  a t t i t u d e  con-  
t r o l  d u r i n g  t h e  midcourse  c o r r e c t i o n s ,  d e f l e c t i o n  maneuver,  and 
e n t r y  through l a n d i n g  phases  as i l l u s t r a t e d  i n  f i g u r e  41. The 
I M U  a l s o  p rov ides  a backup t o  t h e  TDLR and i s  t h e  pr imary  s e n s o r  
d u r i n g  t h e  v e r t i c a l  d e s c e n t  phase ,  i . e . ,  100 f t  t o  l a n d i n g .  The 
I M U  c o n t a i n s  t h r e e  gy ros  and t h r e e  pendulous  a c c e l e r o m e t e r s  i n  a 
s t rapdown c o n f i g u r a t i o n  w i t h  s e n s o r  i n p u t  a x e s  c o i n c i d e n t  w i t h  
v e h i c l e  p i t c h ,  yaw, and r o l l  a x e s .  

The LR s e l e c t e d  d u r i n g  t h i s  s t u d y  i s  a modi f i ed  LM r a d a r .  
The r a d a r  measures  v e l o c i t y  and s l a n t  r a n g e  of  t h e  c a p s u l e  w i t h  
r e s p e c t  t o  t h e  p l a n e t  s u r f a c e  by a three-beam d o p p l e r  v e l o c i t y  
senso r  and a s i n g l e  beam a l t i m e t e r .  The LM r a d a r  c o n s i s t s  of  a n  
an tenna  assembly and a n  e l e c t r o n i c s  a s sembly .  The r e q u i r e d  LM 
r a d a r  m o d i f i c a t i o n s  and m i s s i o n  r a m i f i c a t i o n s  a re  l i s t e d  below 
and a r e  based  on t h e  s i m u l a t i o n s  and r e s u l t s  o u t l i n e d  i n  append ix  
A: 

1) Radar m o d i f i c a t i o n s ,  

a )  R e l o c a t e  t h e  r a n g e  beam t o  t h e  a n t e n n a  p a t t e r n  

b )  Reduce t h e  a c q u i s i t i o n  s e a r c h  t ime  t o  3 s e c ,  

c e n t e r ,  



c) Change the mode switch altitude to 1250 ft, 

d) Delete the LM coordinate transformation, 
e) Add three counter registers or convert all channels 

to analog format, 

f) Change 51 of 124 materials and 24 of  4970 parts; 

2 )  Mission modifications, 

a) 

b) Use radar altimeter to initiate terminal descent 

c) Use inertial system and radar altimeter for LM 

d) Use inertial system for vertical letdown. 

Constrain parachute size and deployment altitude, 

phase, 

radar backup, 

The high-altitude radar altimeter (ARM-1) is required for 
parachute deployment as well as for atmospheric reconstruction. 

The low-altitude radar altimeter (ARM-2) is required to 
guarantee accurate vernier ignition at the correct altitude and 
also for initialization and updating of the inertial navigation 
computations. 

The sun sensors consist of six sensor assemblies that provide 
error signals to the cruise attitude control system to attain sun 
acquisition and to maintain sun lock after acquisition during 
the cruise phase. These sensors are the same as those proposed 
for Mariner 69 and provide a 4fi sterad field of view. 

The Canopus tracker is the position sensor in the roll atti- 
tude control loop used during the cruise phase. It is identical 
to the Mariner 69 tracker. 

The digital computer is required to convert sensor outputs 
into commands to the active attitude control and propulsion sub- 
systems and to generate time-and event-dependent discrete signals, 
It is a general-purpose 4000 (expandable to 8000) 18-bit word 
machine with a 4-usec memory cycle time. 

The valve drive amplifiers (VDA) provide the interface between 
the digital computer and the engine valves. 
attitude commands are mixed in the VDA for vernier engine control. 

Throttle level and 

. 
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E r r o r  Budget 

The guidance  and c o n t r o l  accu racy  r e q u i r e m e n t s  i n d i c a t e d  i n  
t a b l e  11 can  be provided  w i t h  t h e  r e f e r e n c e  c o n f i g u r a t i o n .  An 
e r r o r  budget  was computed t o  produce s e n s o r  performance r e q u i r e -  
ments as shown i n  t a b l e  1 2 .  These r e q u i r e m e n t s  a r e  based  on 
a v a i l a b l e  equipment mod i f i ed  f o r  t h e  s o f t  l a n d e r / s u p p o r t  module 
mis s ion  as p r e v i o u s l y  d i s c u s s e d .  

TABLE 11 . -  GUIDANCE AND CONTROL PERFORMANCE 
REQUIREMENTS ( 3 0 )  

C r u i s e  a t t i t u d e  e r r o r s  i n c l u d i n g  l i m i t  c y c l e  . . .  0.5" 
Midcourse maneuver 

P o i n t i n g  . . . . . . . . . . . . . . . . . . . .  0 . 2 "  

Impulse . . . . . . . . . . . . . . . . . . . .  0.5% 

Spinup and s t a b i l i z e  s u p p o r t  module . . . . . . .  2.0" 

P o i n t i n g  . . . . . . . . . . . . . . . . . . . .  0 . 2 "  

Impulse . . . . . . . . . . . . . . . . . . . .  0.5% 

O r i e n t  f o r  s u p p o r t  module r e l e a s e  . . . . . . . .  0 . 5 "  

E n t r y  d e f l e c t i o n  maneuver 

C o n t r o l  e n t r y  a n g l e  of a t t a c k  . . . . . . . . . .  5"  

Achieve s o f t  l a n d i n g  

Vv . . . . . . . . . . . . . . . . . . . . . . .  <25 f p s  

V H .  . . . . . . . . . . . . . . . . . . . . . .  <lo f p s  

During t h e  d e s c e n t  s t a g e  a f t e r  p a r a c h u t e  r e l e a s e  a preprogramed 
r a n g e / v e l o c i t y  d e s c e n t  con tour  as i l l u s t r a t e d  i n  f i g u r e  43 i s  
fo l lowed.  The e n g i n e s  a r e  t h r o t t l e d  up t o  t h e  s e t t i n g  r e q u i r e d  
t o  fo l low t h e  d e s c e n t  c o n t o u r  t o  a r ange  of 60 f t  above t h e  s u r -  
f ace  and a v e l o c i t y  of 10 f p s .  From t h a t  p o i n t ,  t h e  l a n d e r  de.- 
scends  a t  10 f p s  t o  a n  a l t i t u d e  ( o r  r a n g e )  of  10 f t  a t  which t ime 
t h e  v e r n i e r  e n g i n e s  a r e  s h u t  down and t h e  l a n d e r  descends  t o  t h e  
s u r f a c e .  During t h e  d e s c e n t ,  t h e  LM r a d a r  i s  used  as t h e  pr imary  
guidance  s e n s o r  provided  a l l  beams a r e  l o c k e d ,  I f  a beam shou ld  
unlock ,  t h e  i n e r t i a l  n a v i g a t o r ,  p e r i o d i c a l l y  updated  d u r i n g  t h e  
descen t  phase by t h e  r a d a r  a l t i m e t e r  and the LR, i s  used a s  
t h e  pr imary s e n s o r .  
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Max, atmosphere Min. a tmosphere 
z e r o  wind - +242 f p s  wind 

----- - - - -  S t a r t  e n g i n e s  . - - - - - - - -  
R e l e a s e  c h u t e  

t h r u s t  = 85% 

.--  - 

Cuto f f  
- - - -  

10 18 .3  142 344 355 

V e l o c i t y ,  f p s  

F i g u r e  43 . -  Te rmina l  Descen t  A x i a l  C o n t r o l  Plan 
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Conclusions and Recommendations 

The guidance and control subsystem conclusions are: 

1) Mariner 69 sun sensors and Canopus tracker can be 

2) 

used without modifications for this application; 

The LM radar can be used as the primary guidance 
sensor during the terminal phase, provided the 
aforementioned modifications are incorporated; 

3 )  A low-altitude radar altimeter is required to guar- 
antee accurate vernier ignition and to update the 
inertial navigator; 

4 )  A backup inertial navigation mechanization is re- 
quired to ensure mission success in case of a zero 
doppler or incidence angle unlock in the radar. 
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5 .  TELECOMMUNICATIONS 

The s o f t  l a n d e r l s u p p o r t  module c o n f i g u r a t i o n  f o r  t h e  Mars 
1973 m i s s i o n  must p r o v i d e  t h e  f u n c t i o n s  o f  command, t r a c k i n g ,  and 
t e l e m e t r y ,  a s  a p p l i c a b l e ,  t h roughou t  t h e  m i s s i o n .  These  f u n c t i o n s  
a r e  t o  be implemented w i t h  S-band r a d i o  subsys tems i n  c o n j u n c t i o n  
w i t h  t h e  DSIF/DSN. For  t h i s  s t u d y ,  t h e  DSN was assumed t o  c o n s i s t  
o f  a ne twork  o f  t h r e e  8 5 - f t  a n t e n n a s ?  and a second ne twork  of  two 
2 1 0 - f t  a n t e n n a s .  The 8 5 - f t  s t a t i o n s  and one 2 1 0 - f t  s t a t i o n  a t  
Golds tone  a r e  o p e r a t i o n a l  s i t e s .  The o t h e r  2 1 0 - f t  s t a t i o n  w i l l  
be l o c a t e d  n e a r  Canberra  and w i l l  s u p p o r t  t h e  1973 m i s s i o n .  

Radio  Subsystem 

The proposed r a d i o  subsys tem d e s i g n  was evolved  , f rom an  a n a l y -  
s i s  of te lecommunica t ions  r e q u i r e m e n t s ,  f u n c t i o n s ,  and p a r a m e t e r s  
f o r  t h e  v a r i o u s  m i s s i o n  p h a s e s .  Suppor t  module r f  t r a n s m i t t e r  
r e q u i r e m e n t s  f o r  c r u i s e  and e n t r y  r e l a y  a r e  i d e n t i c a l  a t  t h e  25-W 
o u t p u t  power l e v e l .  Command c a p a b i l i t y  is  r e q u i r e d  f o r  t h e  sup-  
p o r t  module d u r i n g  c r u i s e  o n l y .  The s o f t  l a n d e r  r e q u i r e s  a p o s t -  
l and  command c a p a b i l i t y .  By t h e  c r o s s i n g  o f  i n t e r f a c e s ,  a n  i n t e -  
g r a t e d  d e s i g n  f o r  t e l ecommunica t ions  c a n  be ach ieved  r e s u l t i n g  i n  
an  economy o f  hardware .  

The s o f t  l a n d e r l s u p p o r t  module t e l ecommunica t ions  b l o c k  d i a -  
gram i s  shown i n  f i g u r e  44.  The e l emen t s  c o n t a i n e d  i n  t h e  s u p p o r t  
module form a uhf r e c e i v i n g  subsys tem and an  S-band r a d i o  subsys -  
t e m .  The S-band r a d i o  subsys t em c o n s i s t s  o f  a m o d u l a t o r - e x c i t e r ,  
a 25-W TWTA w i t h  an i n t e g r a l  power s u p p l y ,  two low-ga in ,  n o n s t e e r -  
a b l e  a n t e n n a s ,  a f i x e d  4 0 - i n .  c i r c u l a r  a p e r t u r e  p a r a b o l i c  r e f l e c -  
t o r ,  and a d i p l e x e r - r f  s w i t c h  a s sembly .  The low-gain  a n t e n n a s  
a r e  cavi ty-backed  c r o s s e d - s l o t s  w i t h  h e l i c a l  f e e d s  p r o v i d i n g  
r igh t -hand  c i r c u l a r l y  p o l a r i z e d  ene rgy  t o  s i n g l e  p o r t s .  These  
a n t e n n a s  a r e  c h a r a c t e r i z e d  by a n  o n - a x i s  g a i n  o f  5 dB w i t h  a 160" 
beamwidth a t  t h e  0-dB p o i n t s .  Two low-gain  a n t e n n a s  a r e  r e q u i r e d  
on t h e  s u p p o r t  module t o  p r o v i d e  s p h e r i c a l  cove rage  because  E a r t h  
i s  n o t  w i t h i n  one hemisphere  f o r  t h e  s e l e c t e d  l a u n c h  window. En- 
g i n e e r i n g  d a t a  a r e  t r a n s m i t t e d  by t h e  25-W TWTA o v e r  one  o f  t h e  
two low-gain  a n t e n n a s  a t  a d a t a  r a t e  o f  33-113 bps (uncoded) up 
t o  t h e  comple t ion  o f  t h e  f i r s t  midcourse  maneuver ,  and a t  8-113 
bps (uncoded) up t o  p l a n e t a r y  e n c o u n t e r .  The command f u n c t i o n s  
f o r  t h e  s u p p o r t  module a r e  p rov ided  by t h e  command r e c e i v e r  and 
command d e t e c t o r  t h a t  a r e  l o c a t e d  i n  t h e  s o f t  l a n d e r .  The re- 
qui rements  f o r  n e a r - E a r t h  r a n g i n g  and d o p p l e r  t r a c k i n g  a r e  p ro -  
v ided  by t h e  h a r d w i r e s  c r o s s i n g  t h e  i n t e r f a c e .  
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The uhf  r e c e i v i n g  subsystem c o n s i s t s  of  a body- f ixed ,  broad-  
beam a n t e n n a ,  a r e c e i v e r ,  and a b i t  d e t e c t o r  and (32 ,6 )  b lock  
encoder .  The r e c e i v i n g  an tenna  i s  b o r e s i g h t e d  a l o n g  t h e  s p i n  a x i s  
and p r o v i d e s  b e t t e r  t h a n  0-db g a i n  ove r  160".  Capsu le  e n t r y  d a t a ,  
which a r e  t r a n s m i t t e d  a t  a r a t e  o f  2400 b p s ,  a r e  r e c e i v e d  by t h i s  
suppor t  module subsystem and r e t r a n s m i t t e d  t o  t h e  DSIF i n  r e a l  
t ime.  During t h e  e n t r y  r e l a y  p h a s e ,  t h e  25-W TWTA i s  connec ted  
t o  t h e  40 - in .  a n t e n n a .  The c h a r a c t e r i s t i c s  of  t h i s  an tenna  a r e  
a n  on -ax i s  g a i n  o f  25 .6  dB and a ha l f -power  beamwidth o f  9" .  

The e l emen t s  con ta ined  i n  t h e  l a n d e r  form a uhf  t r a n s m i t t i n g  
subsys  tem, an  S-band r a d i o  subsys tem,  and a t e l e m e t r y  subsys  tem. 
The uhf  t r a n s m i t t i n g  subsys tem c o n s i s t s  of  a 1011-W FSK t r a n s m i t -  
t e r  (400 MHz) and a broadbeam, b o d y - f i x e d ,  t r a n s m i t t i n g  a n t e n n a .  
The t r a n s m i t t i n g  an tenna  i s  a cav i ty -backed  c r o s s e d - s l o t  , which 
p rov ides  b e t t e r  t h a n  0-dB o f  g a i n  ove r  160" .  The low-power mode 
o f  t h e  FSK t r a n s m i t t e r  i s  used f o r  checkout  and d a t a  t r a n s m i s s i o n  
s h o r t l y  a f t e r  s e p a r a t i o n  of  t h e  l a n d e r  c a p s u l e  from t h e  s u p p o r t  
module. 

The l a n d e r  S-band r a d i o  subsys tem c o n s i s t s  o f  a modula tor -  
e x c i t e r ,  a 50125-W dual-power mode TWTA and i n t e g r a l  power s u p p l y ,  
a command r e c e i v e r  and command d e t e c t o r ,  a body-f ixed  low-gain  
r e c e i v i n g  a n t e n n a ,  and a medium-gain t r a n s m i t t i n g  a n t e n n a .  The 
low-gain  r e c e i v i n g  an tenna  i s  i d e n t i c a l  t o  t h e  low-gain  a n t e n n a s  
on t h e  s u p p o r t  module.  The t r a n s m i t t i n g  an tenna  i s  a 12.5-dB 
h e l i x  w i t h  a ha l f -power  beamwidth o f  4 6 . 5 " ,  which i s  o r i e n t e d  
t o  l o c a l  v e r t i c a l  by a c o u n t e r w e i g h t .  

T a b l e  13 summarizes t h e  w e i g h t ,  volume, and power r e q u i r e m e n t s  
f o r  t h i s  b a s e l i n e  d e s i g n .  

The r a d i o  subsys tem pa rame te r s  f o r  t h e  s u p p o r t  module a l low 
t h e  8-113 bps downlink t e l e m e t r y  channe l  t o  be suppor t ed  e n t i r e l y  
w i t h  t h e  8 5 - f t  an tenna  network u n t i l  t h e  end o f  Nov. 1 9 7 3 .  B e -  
yond t h i s  d a t e ,  t h e  2 1 0 - f t  a n t e n n a s  a r e  r e q u i r e d  i n  a l i s t e n - o n l y  
mode f o r  downlink t e l e m e t r y  r e c e p t i o n .  The cone a n g l e  o f  E a r t h  
and t h e  d i s t a n c e  t o  E a r t h  from 9 days  i n t o  t h e  m i s s i o n  t o  p l ane -  
t a r y  encoun te r  i s  shown i n  f i g u r e  45  f o r  t h e  s e l e c t e d  l a u n c h  win- 
dow. Telecommunicat ions per formance  p r e d i c t i o n s  f o r  i n t e r p l a n e -  
t a r y  c r u i s e  a r e  shown i n  f i g u r e  4 6 .  Adequate  margin  e x i s t s  i n  
t h e  downlink t o  s u p p o r t  t h e  n e a r - E a r t h  t e l e m e t r y  r e q u i r e m e n t  o f  
33-113 b p s  and p rov ide  tu rna round  r a n g i n g  f o r  r a p i d  change  u p d a t e s .  
The command f u n c t i o n  can  be p rov ided  by t h e  8 5 - f t  ne twork  o u t  t o  
a range  o f  264 x 10" km. 
l i n k  f o r  t h e  8 5 - f t  DSS a n t e n n a s  i s  a s  f o l l o w s :  

Per formance  c a p a b i l i t y  of  t h e  command 



100 kW t r a n s m i t t e r  - 264 x l o 6  km g reyou t  r a n g e ;  

25 kW t r a n s m i t t e r  - 132 x lo6 km g reyou t  r a n g e ;  

10 kW t r a n s m i t t e r  - 83.5 x lo6  km g reyou t  r a n g e .  

TABLE 1 3 .  - WEIGHT, VOLUME, AND POWER SUMMARY 

Support  module 

uhf r e c e i v e r  
B i t  d e t e c t o r  and b l o c k  

encoder  
uhf r e c e i v i n g  an tenna  
M o d u l a t o r - e x c i t e r  
TWTA and power supp ly  

D i p l e x e r  and r f  s w i t c h  

S-band low-gain an tenna  
S-band h igh -ga in  an tenna  

(25  W) 

assembly 

Lander / c a p s u l e  

uhf t r a n s m i t t e r  (10-W) 
uhf t r a n s m i t t i n g  an tenna  
M o d u l a t o r - e x c i t e r  
TWTA and power s u p p l y  

Command r e c e i v e r  
Command d e t e c t o r  
r f  s w i t c h  assembly 
S-band low-gain an tenna  

(50/25  W) 

S - band med ium-ga i n  
an tenna  

d e i g h t ,  l b  

1 . 9  

3.6 
4 .O 
3 . o  

8 .8  

7 .O 
.6 

6 .O 

3 .o 
4 .O 
3 .o 

9 .O 
5 .O 
4 .O 
1 .o  
1.2 

2 . o  

Power, W 3 Volume, i n .  

40 

50 

90 
7x24 diam 

2 00 

100 
4x4 diam 
40 i n .  diam 

100 
7 . 5 ~ 1 5  diam 
90 

2 40 
150 
40 
10 
4x4 diam 

(each)  

7x5 diam 

Note: Does no t  i n c l u d e  packaging and i n t e r n a l  c a b l i n g .  
~~ ~ 

Telecommunicat ions performance p r e d i c t i o n s  f o r  t h e  uhf r e l a y  
l i n k  a r e  shown i n  f i g u r e  47 f o r  t h e  nominal r r a j e c t o r y  pa rame te r s .  
The c a p s u l e / l a n d e r  r a d i o  subsystem i s  r e q u i r e d  t o  r e l a y  i n  r e a l  
t i m e ,  t o  t h e  s u p p o r t  module a l l  d a t a  c o l l e c t e d  d u r i n g  c o a s t ,  en-  
t r y ,  and l a n d i n g .  The r e t u r n  o f  a l l  e n t r y  s c i e n c e  d a t a  c o l l e c t e d  
must be accomplished independent  o f  l a n d i n g  s u c c e s s .  T h i s  r a d i o  
subsys tem must be c a p a b l e  o f  t r a n s m i t t i n g  200 k b i t s  of  e n t r y  s c i -  
ence  d a t a  r e d u n d a n t l y  b e f o r e  touchdown. 
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The f i g u r e  shows t h a t  t h e  2400-bps d a t a  r a t e  c a n  be s u p p o r t e d  
o v e r  a r ange  o f  a tmospheres  and a 22"  a d v e r s e  s u r f a c e  s l o p e .  
A v a i l a b l e  l i n k  t i m e  a f t e r  touchdown i s  from 11 t o  13 min, which 
a l l o w s  f o r  t h e  e a r l y  t r a n s m i s s i o n  o f  imaging d a t a .  

I n  t h e  high-power mode, t h e  r a d i o  subsys t em i n  t h e  s o f t  l a n d e r  
p r o v i d e s  an i n i t i a l  t e l e m e t r y  downlink c a p a b i l i t y  o f  353 bps .  
Wi th  an  e f f e c t i v e  d a t a  t r a n s m i s s i o n  t i m e  o f  2 . 8  h r / d a y  (3.3 h r  o f  
v iewt ime less  0 . 5  h r  f o r  rf c a r r i e r  a c q u i s i t i o n ) ,  t h i s  d a t a  t r a n s -  
m i s s i o n  r a t e  p r o v i d e s  0 . 3 6  x b i t s  o f  s c i e n c e  d a t a  pe r  day .  
F o r  t h e  minimum gua ran teed  l i f e t i m e  of  3 days  on t h e  s u r f a c e ,  t h e  
t o t a l  volume o f  d a t a  t r a n s f e r r e d  t o  E a r t h  i s  1 .08  x l o 7  b i t s .  
T h i s  t o t a l  d a t a  volume meets t h e  p r imary  s c i e n c e  d a t a  t r a n s f e r  
r e q u i r e m e n t s  f o r  t h e  s o f t  l a n d e r .  For  t h e  r ema inde r  o f  t h e  m i s -  
s i o n  ( l a n d i n g  p l u s  4 t o  90 days  a f t e r  l a n d i n g ) ,  t h e  subsys tem 
o p e r a t e s  i n  t h e  low-power mode t o  p r o v i d e  a d a t a  r a t e  o f  8-113 bps 
(uncoded) f o r  t h e  d a i l y  t r a n s m i s s i o n  of  5000 b i t s  o f  m e t e o r o l o g i -  
c a l  d a t a .  The low-power mode d a t a  r a t e  i s  c a p a b l e  o f  b e i n g  d e -  
t e c t e d  by t h e  2 1 0 - f t  an t enna  s t a t i o n s  o p e r a t i n g  i n  a d i p l e x e d  
mode a t  t h e  end-o f -mis s ion  l i f e .  A d d i t i o n a l  h i g h  r a t e  t e l e m e t r y  
c h a n n e l s  a t  210 i n f o r m a t i o n  b i t s  p e r  second and 80 bps  (uncoded) 
a r e  provided  f o r  t h e  ex tended  mis s ion  by t h e  commanding o f  t h e  
high-power mode o f  o p e r a t i o n  whenever t h e r e  i s  s u f f i c i e n t  ene rgy  
a v a i l a b l e  t o  o p e r a t e  t h e  TWTA a t  t h e  50-W l e v e l .  These  a d d i t i o n a l  
d a t a  r a t e s  a r e  provided  t o  o b t a i n  s c i e n c e  d a t a  volumes i n  e x c e s s  
o f  t h e  r e q u i r e d  l o 7  b i t s  by t h e  comple te  u s e  o f  a v a i l a b l e  e n e r g y .  

The Mars-Ear th  communication d i s t a n c e  f o r  t h e  e a r l i e s t  a r r i v a l  
d a t e  of  1 /25 /74  i s  160 x lo6  km and i n c r e a s i n g  w i t h  t i m e  a t  a 
r a t e  of  abou t  1 . 5  x lo6 kmlday. The p o s i t i o n  o f  E a r t h  w i t h  re-  
s p e c t  t o  t h e  M a r t i a n  e q u a t o r  i s  18" s o u t h  a t  t h e  above d a t e  and 
a scend ing  nor thward  w i t h  t i m e  a t  a r a t e  o f  a b o u t  0 .25" /day .  The 
d e s i r e d  E a r t h  v i s i b i l i t y  w i t h  the  s o f t  l a n d e r  t r a n s m i t t i n g  a n t e n -  
na i s  o b t a i n e d  by c o n s t r a i n i n g  t h e  l a n d i n g - s i t e  l a t i t u d e  t o  be  
w i t h i n  +5" of  t h e  d e c l i n a t i o n  of E a r t h  e x i s t i n g  a t  t h e  t i m e  o f  
a r r i v a l .  Fo r  t h e  90-day mis s ion ,  t h e  4-dB beamwidth o f  t h i s  an -  
t e n n a  p r o v i d e s  s u f f i c i e n t  coverage  f o r  1 h r  o f  v i s i b i l i t y  a t  t h e  
end o f  t h e  m i s s i o n .  

Te lecommunica t ions  performance p r e d i c t i o n s  f o r  t h e  p o s t l a n d  
d a t a  modes a r e  shown i n  f i g u r e  4 8 .  The 80 bps  (uncoded) c a p a b i l -  
i t y  w i t h  t h e  50-W o u t p u t  l e v e l  of t h e  TWTA cou ld  be changed t o  a 
130 bps coded channe l  i f  a d d i t i o n a l  d a t a  volume i s  r e q u i r e d  n e a r  
t h e  end o f  t h e  m i s s i o n .  
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P o s t l a n d  d a t a  r e t u r n  c a p a b i l i t y  f o r  t h e  minimum m i s s i o n  and 
' under  f a v o r a b l e  c o n d i t i o n s  a r e  g i v e n  i n  t a b l e s  14 and 1 5 .  The 

f o l l o w i n g  o p e r a t i n g  modes a r e  used t o  o b t a i n  s c i e n c e  d a t a  volumes 
i n  e x c e s s  of  t h e  l o 7  b i t s  r e q u i r e d .  The 'TWTA w i l l  b e  o p e r a t e d  i n  
t h e  50-W high-power mode t o  p rov ide  353 bps (coded) f o r  t h e  f i r s t  
3 days  a f t e r  l a n d i n g .  The e f f e c t i v e  d a t a  t r a n s m i s s i o n  t i m e  w i l l  
b e  2 . 6 2  h r l d a y .  A f t e r  t h e  pr imary  m i s s i o n ,  t h e  TWTA w i l l  b e  no r -  
ma l ly  o p e r a t e d  i n  t h e  25-W low-power mode t o  t r a n s m i t  me teo ro log i -  
c a l  d a t a  a t  8-113 bps (uncoded) f o r  10-minlday .  T e l e m e t r y  d a t a  
w i l l  be used d u r i n g  t h e  extended m i s s i o n  t o  d e t e r m i n e  t h e  a v a i l -  
a b i l i t y  o f  ene rgy  i n  t h e  power subsys tem f o r  o p e r a t i o n  o f  t h e  
TWTA i n  t h e  high-power mode. The high-power mode w i l l  be com- 
manded on whenever t h i s  mode of o p e r a t i o n  i s  f e a s i b l e .  The mode 
o f  o p e r a t i o n  f o r  t a b l e  1 5 ,  under  t h e  c o n d i t i o n s  i d e n t i f i e d ,  i s  
a s  f o l l o w s :  

1) Landing f 4 days  t o  l a n d i n g  + 3 9  d a y s ,  

2 days  o f  o p e r a t i o n  i n  any 3-day  i n t e r v a l  f o r  2 . 5  
h r l d a y  a t  353 b p s  ( coded) ;  

2)  Landing -!- 40 days  t o  l a n d i n g  -!- 69 d a y s ,  

2 days  o f  o p e r a t i o n  i n  any  3-day  i n t e r v a l  f o r  2 . 5  
h r / d a y  a t  210 bps ( coded) ;  

3 )  Landing -!- 70 days  t o  l a n d i n g  -!- 90 d a y s ,  

D a i l y  o p e r a t i o n  f o r  1 . 5  h r  a t  80 bps  (uncoded) .  

The d a t a  r a t e  o f  8-113 bps  (uncoded) i s  used from l a n d i n g  -!- 4 days  
t o  t h e  end o f  t h e  m i s s i o n ,  whenever t h e  high-power mode canno t  be 
s u p p o r t e d .  Command c a p a b i l i t y  f o r  t h e  s o f t  l a n d e r  ex tended  m i s -  
s i o n  w i l l  be  provided  by t h e  210- f t  DSIF s t a t i o n s  when t h e  8 5 - f t  
s t a t i o n s  g r e y o u t  a t  a communications r a n g e  o f  264 x lo6  km. 

The f o l l o w i n g  f o u r  p o i n t s  are  p r e s e n t e d  t o  summarize t h e  com- 
mun ica t ions  subsys tem c a p a b i l i t i e s  and d e s i g n  r e q u i r e m e n t s :  

1) The r e l a y  l i n k  v i a  t h e  s u p p o r t  module p r o v i d e s  ade-  
q u a t e  per formance  from s e p a r a t i o n  t o  a t  l e a s t  10 min 
a f t e r  l a n d i n g  t o  t r a n s m i t  200 k b i t s  o f  e n t r y  s c i e n c e  
d a t a  r e d u n d a n t l y ,  and t o  r e t u r n  1 . 4  x lo6  b i t s  o f  
l anded  imaging d a t a  b e f o r e  t h e  o n s e t  o f  t h e  f i r s t  
n i g h t ;  
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TABLE 1 4  .- POSTLAND DATA RETURN, MINIMUM MISSION 

I 
Phase T r a n s m i s s i o n  t ime 

A f t e r  touchdown 10 min 

Primary l anded  2 .62  h r / d a y  f o r  
3 days  

Weather s t a t i o n  10 min./day f o r  
87 days  

T o t a l  

In fo rma t  i o n  
rat e , bps 

2400 

353 

8-1/3 

Data volume, 
b i t s  

1 . 4 4  x lo6 

10.00 

11.87 x 106 

TABLE 1 5 . -  POSTLAND DATA RETURN, FAVORABLE CONDITIONS 

Phase 

A f t e r  touchdown 

Primary l anded  

Extended l i f e  

T o t a l  

T r a n s m i s s i o n  t i m e  

1 3 . 5  min 

2.62 h r / d a y  f o r  
3 days  

2 . 5  h r / d a y  f o r  
24 of n e x t  36 
days  

2 . 5  h r / d a y  f o r  
20 of n e x t  30 
days  

1 . 5  h r / d a y  f o r  
l a s t  21 days 

10 min/day f o r  
22 days  

I n f o r m a t  i o n  
ra te  , bps  

2400 

353 

353 

2 10 

80 

8 - 1 / 3  

Data volume,  
b i t s  

'1.94 x lo6 

10.00 

76.40 

37.80 

9.08 

. l l  
~~ 

135.33 x 106 

I C o n d i t i o n s  

1 /25 /74  a r r i v a l  No c l o u d s  

1 8 O  S l a t  

O o  l oca l  s l o p e  

90-day l a n d e d  m i s s i o n  

1 2 2  



2 )  F o r  l a n d i n g  s i t e s  a t  s m a l l  s o u t h e r n  l a t i t u d e s ,  t h e  
p o s t l a n d  d a t a  r e t u r n  r e q u i r e m e n t  o f  l o 7  b i t s  can  be  
m e t  by a d i r e c t  l i n k  t o  E a r t h ,  e n t i r e l y  on b a t t e r i e s ,  
and w i t h o u t  a n  a r t i c u l a t e d  a n t e n n a ;  

3 )  Under f a v o r a b l e  s l o p e  and w e a t h e r  c o n d i t i o n s ,  t h e  
g o a l  o f  l o8  b i t s  can be  exceeded d u r i n g  t h e  ex tended  
m i s s i o n ,  u s i n g  power from a 25 - f t "  s o l a r  p a n e l ;  

4 )  The proposed te lecommunica t ions  d e s i g n s  a r e  conse rva -  
t i v e  and a r e  based on e x i s t i n g  t e c h n o l o g i e s  proven  on 
Mar ine r  and Lunar  Orbiter. A c c o r d i n g l y ,  t h e r e  have  
n o t  been i d e n t i f i e d  any  l o n g - l e a d  hardware deve lop -  
ments f o r  t e l ecommunica t ions .  

Telemetry Subsystem 

The t e l e m e t r y  subsys tem p r o v i d e s  t h e  d a t a  management f u n c t i o n s  
and p r o c e s s i n g  o f  a l l  s u p p o r t  module and l a n d e r  e n g i n e e r i n g  d a t a  
from l a u n c h  t o  t h e  end o f  t h e  90-day l anded  m i s s i o n .  I n  a d d i t i o n ,  . 
t h e  subsys tem p r o c e s s e s  a n a l o g  measurements from e n t r y  s c i e n c e  
i n s t r u m e n t s  and from s u r f a c e  s c i e n c e  m e t e o r o l o g i c a l  i n s t r u m e n t s ,  
and a c c e p t s  s e r i a l  d i g i t a l  d a t a  f rom t h e  s c i e n c e  d a t a  a u t o m a t i o n  
s y s t e m .  A l l  d a t a  processed  by  t h e  t e l e m e t r y  subsys tem a r e  s e n t  
t o  t h e  r f  communications subsys tem a s  e i t h e r  a s p l i t  phase  encoded 
s e r i a l  PCM d a t a  s t r e a m  f o r  r e l a y  l i n k  t r a n s m i s s i o n  d u r i n g  e n t r y  
and l a n d i n g ,  o r  a s  a PSK encoded s e r i a l  PCM d a t a  s t r e a m  f o r  d i r e c t -  
l i n k  t r a n s m i s s i o n  d u r i n g  p l a n e t a r y  c r u i s e  and a f t e r  l a n d i n g .  

The c o n f i g u r a t i o n  o f  t h e  t e l e m e t r y  subsys tem i s  i n d i c a t e d  by 
t h e  f u n c t i o n a l  b l o c k  diagram of f i g u r e  4 9 .  P r e d i c t e d  w e i g h t ,  
power, and volume of  t h e  subsys tem a r e  shown i n  t a b l e  1 6 .  Pack-  
a g i n g  and i n t e r n a l  c a b l i n g  a r e  n o t  i n c l u d e d  i n  t h e  w e i g h t  e s t i -  
ma tes ,  b u t  a r e  inc luded  i n  t h e  s e q u e n t i a l  w e i g h t  s t a t e m e n t .  

A s i n g l e  t e l e m e t r y  subsys tem,  c o n s i s t i n g  of  a s i n g l e  d a t a  en -  
c o d e r ,  50 kb s t a t i c  s t o r a g e ,  and s i g n a l  c o n d i t i o n e r ,  h a s  been  se- 
l e c t e d  t o  pe r fo rm a l l  te lemetry p r o c e s s i n g  and f o r m a t t i n g  f u n c t i o n s  
r e q u i r e d  d u r i n g  a l l  mi s s ion  phases .  T h i s  i s  a n  advan tage  a c c r u i n g  
from an  i n t e g r a t e d  l a n d e r / s u p p o r t  module d e s i g n .  The t e l e m e t r y  
subsys t em i s  l o c a t e d  i n  t h e  l a n d e r ,  and t h e  s u p p o r t  module e n g i -  
n e e r i n g  s t a t u s  d a t a  a r e ,  t h e r e f o r e ,  t r a n s m i t t e d  a c r o s s  t h e  s t a g -  
i n g  p l a n e  ove r  h a r d w i r e .  
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TABLE 1 6 . -  TELEMETRY SUBSYSTEM PREDICTED WEIGHT, POWER, IND VOLUME (a)  

Component 

T ransduce r  power s u p p l y  

Da ta  encoder  

S t a t i c  s t o r a g e  

S i g n a l  c o n d i t i o n e r  

S t e r i l i z a t i o n / b a t t e r y  
measurement m u l t i p l e x e r  

d e i g h t ,  l b  

0.7 

16 .O 

4 .O 

1 . 5  

4 .O 

Nominal power, W 

T o t a l  I 26.2 I 18 .O 

3 Volume, i n .  

16  

60 0 

23 4 
90 

108 

1048 

(a)  Packag ing ,  s u p p o r t s ,  and c a b l i n g  a r e  e x c l u d e d .  

The encoder  approaches  fo l low c o n v e n t i o n a l  PCM t e l e m e t r y  d e -  
s i g n s .  Hardwired programing i s  used t o  deve lop  v a r i a b l e  sampl ing  
r a t e s  and m u l t i p l e  d a t a  fo rma t s  under  c o n t r o l  by d i s c r e t e  l o g i c  
i n p u t s  from t h e  G&C computer o r  p o s t l a n d  s e q u e n c e r .  The d a t a  
modes t h a t  a r e  compa t ib l e  w i t h  the  m i s s i o n  p r o f i l e  and communica- 
t i o n s  c a p a b i l i t y  a r e  shown i n  t a b l e  1 7 .  

The s t a t i c  s t o r a g e  p r o v i d e s  f o r  t h e  d e l a y  o f  d a t a  c o l l e c t e d  
d u r i n g  d a t a  mode C (and subsequent  r e a d o u t  f o r  i n t e r l a c i n g  o f  
t h i s  s t o r e d  d a t a  w i t h  r e a l - t i m e  d a t a )  t o  p e r m i t  t h e  r e c o v e r y  o f  
such  d a t a  i n  t h e  p r e s e n c e  o f  a p o t e n t i a l  r f  communicat ions b l a c k -  
o u t  d u r i n g  a tmosphe r i c  e n t r y .  Th i s  50-kb s t o r a g e  a l s o  s t o r e s  
p o s t l a n d  e n g i n e e r i n g  and m e t e o r o l o g i c a l  d a t a  when r e a l - t i m e  t r a n s -  
m i s s i o n  t o  E a r t h  i s  n o t  p o s s i b l e ,  

The t r a n s d u c e r  power s u p p l y  f u r n i s h e s  r e g u l a t e d  power a t  5 Vdc 
t o  t h e  e n g i n e e r i n g  and a n a l o g  s c i e n c e  t r a n s d u c e r s  d u r i n g  a l l  m i s -  
s i o n  p h a s e s .  

The s t e r i l i z a t i o n / b a t t e r y  measurement m u l t i p l e x e r  i s  an on- 
board  checkou t  m u l t i p l e x e r  f o r  mon i to r ing  t h e  p r o p u l s i o n  sys t em 
and b a t t e r i e s  d u r i n g  t e r m i n a l  h e a t  s t e r i l i z a t i o n ,  and t o  check  
b a t t e r y  s t a t u s  d u r i n g  subsequen t  f o r m a t i o n  c h a r g i n g .  

A b r i e f  review o f  e x i s t i n g  space-used t e l e m e t r y  equipments  
was conduc ted ;  i t  was de te rmined  t h a t  t h e r e  i s  no developed  s y s -  
t e m  t h a t  meets t h e  f o r m a t t i n g  r equ i r emen t s  f o r  t h i s  m i s s i o n .  How- 
ever ,  t h e  t echno logy  r e q u i r e d  i s  r e a d i l y  a v a i l a b l e ,  and no major  
problems a r e  a n t i c i p a t e d  i n  t h e  development  o f  ha rdware .  
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TABLE 1 7  .- DATA MODES 
r 

Mod e 

A 

B 

C 

D 

E 

F 

G 

H 

I 

P e r i o d  

I n t e r p l a n e t a r y  c r u i s e  

S e p a r a t i o n  t o  e n t r y  

E n t r y  t o  c h u t e  deployed 

Terminal  d e s c e n t  and l a n d i n g ,  
through deployment o f  s c i e n c e  

I n i t i a l  p o s t l a n d  ( f rom deployment 
complete t o  l a n d i n g  4- 20 min) 

Pos t land  d a t a  c o l l e c t i o n  (TIM) 

P o s t l a n d  d a t a  c o l l e c t i o n  (DAS) 

P o s t l a n d  t r a n s m i s s i o n  ( p h a s e  I) 

P o s t l a n d  t r a n s m i s s i o n  (phase  11) 

D e s c r i p t i o n  

E n g i n e e r i n g  d a t a  

E n g i n e e r i n g  d a t a  

E n g i n e e r i n g  and 
s c i e n c e  d a t a  

E n g i n e e r i n g  and 
s c i e n c e  d a t a  

S c i e n c e  d a t a  
from DAS, i n -  
c l u d i n g  imaging 

E n g i n e e r i n g  and 
s c i e n c e  d a t a  

S c i e n c e  

S t o r e d  and r e a l -  
t ime d a t a ;  e n g i -  
n e e r i n g  and s c i -  
e n c e ,  i n c l u d i n g  
imaging 

S t o r e d  and r e a l -  
t i m e  d a t a ;  e n g i -  
n e e r i n g  and 
meteoro logy  

B i t  r a t e  

33-113 o r  8-113 bps 
(uncoded) 

2400 bps  ( redundant )  

2400 bps ( r e d u n d a n t )  

2400 bps 

2400 bps  

One d a t a  sample p e r  
hour  

V a r i a b l e  

353 o r  210 bps 
( c o d e d ) ,  80 bps  
(uncoded) 

8-113 bps (uncoded) 



6 .  POWER AND PYROTECHNIC SUBSYSTEM 

The p r e f e r r e d  d e s i g n  i s  based on t h e  u s e  of  s o l a r  a r r a y s  u s i n g  
s i l i c o n  c e l l s  a s  t he  energy source  f o r  t h e  c r u i s e  and p o s t l a n d  
extended m i s s i o n s  w i t h  Ag-Zn b a t t e r i e s  p r o v i d i n g  t h e  energy  re-  
q u i r e d  d u r i n g  b o o s t ,  c a p s u l e  e n t r y ,  f i r s t  t h r e e  days  a f t e r  l a n d i n g ,  
and a t  t h o s e  times when s o l a r  a r r a y  power i s  n o t  a v a i l a b l e  o r  must 
be supplemented .  A b l o c k  diagram i d e n t i f y i n g  t h e  c o n f i g u r a t i o n  
of  t h e  power subsystem i s  shown i n  f i g u r e  50 .  

T a b l e  18  shows t h e  power r equ i r emen t s  f o r  a l l  e lements  of  t h e  
v e h i c l e  f o r  each  major mis s ion  phase ,  and g i v e s  t h e  type  and s i z e  
of  each  power s o u r c e  o f  t h e  s e l e c t e d  d e s i g n .  

TABLE 18.- POWER REQUIREMENTS AND SOURCE SELECTION 

C o n f i g u r a t i o n  

S p a c e c r a f t  i n t e r  - 
p l a n e t a r y  t r a n s f e r  

Suppor t  module 
f l y b y  

C a p s u l e / l a n d e r  
pr imary  mis s ion  

Lander ex tended  
l i f e  

Load r equ i r emen t s  

174 W ,  c r u i s e  

287 W ,  peak l o a d s  

17 h r  mis s ion  

1307 W-h t o t a l  

1 7  h r  c a p s u l e  c o a s t  

3 days  a f t e r  l a n d i n g  

6700 W-h t o t a l  

Weather s t a t i o n  

400 W-h/day 

Power s o u r c e  

U n s t e r i l i z e d  s o l a r  a r r a y  

205 W min. - 62 f t 2  

Use of  l a n d e r  b a t t e r i e s  

U n s t e r i l i z e d  Ag-Zn b a t -  
t e r y  

50 A-h c e l l s  - Mar ine r  
t y p e  

3 s t e r i l i z e d  secondary  
Ag-Zn b a t t e r i e s  

80 A-h e a c h  - 3 9  W-h/lb 

S t e r i l i z e d  s o l a r  a r r a y  

25 f t 2  - body mounted 

Continued use  of  l a n d e r  
b a t t e r i e s  

During i n t e r p l a n e t a r y  c r u i s e ,  power i s  f u r n i s h e d  by an  u n s t e r i -  
l i z e d  s o l a r  a r r a y  o f  s i l i c o n  c e l l s ,  which i s  mounted on a s u r f a c e  
hav ing  a 20' s l o p e  t o  t h e  s u n ,  
s a t i s f y  a c r u i s e  power demand of 174 W a t  p l a n e t a r y  encoun te r  
d i s t a n c e s  under w o r s t  c o n d i t i o n s .  The b a t t e r y  power r e q u i r e d  d u r -  
i n g  t h e  boos t  phase  and t o  suppor t  peak power r equ i r emen t s  d u r i n g  
s p a c e c r a f t  maneuvers i s  provided by t h e  l a n d e r  Ag-Zn b a t t e r i e s .  

The a r r a y  i s  s i z e d  a t  62 f t 2  t o  
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A t  p l a n e t a r y  e n c o u n t e r ,  t h e  suppor t  module i s  s e p a r a t e d ,  and 
t h e  c r u i s e  s o l a r  a r r a y  i s  s t a g e d .  The s u p p o r t  module t h e n  u s e s  
b a t t e r y  power f o r  1 7  h r  t o  accomplish i t s  r e l a y  l i n k  m i s s i o n ,  
The r e q u i r e d  energy  o f  1307 W-h i s  f u r n i s h e d  by an  u n s t e r i l i z e d  
Ag-Zn b a t t e r y .  The proposed des ign  uses  50 A-h Mar ine r - type  c e l l s  
packaged i n t o  s i n g l e  c e l l  c a s e s  and a r r anged  i n t o  t h e  s u p p o r t  
module t o r o i d a l  s u p p o r t i n g  r i n g  a s  shown i n  t h e  S t r u c t u r e s  s e c t i o n  

The power r e q u i r e d  by t h e  capsu le  d u r i n g  c o a s t  and e n t r y  i s  
f u r n i s h e d  by b a t t e r i e s .  A d d i t i o n a l  b a t t e r y  power i s  needed f o r  
t h e  f i r s t  t h r e e  days  of landed o p e r a t i o n s  t o  a s s u r e  mis s ion  suc -  
c e s s  independent  o f  l a n d e r  s o l a r  a r r a y  per formance .  Three  80 A-h 
Ag-Zn b a t t e r i e s  s u p p l y  t h e  r e q u i r e d  t o t a l  ene rgy  of  6700 W-h. A t  
a p r e d i c t e d  energy  d e n s i t y  o f  39  W-h/lb, t h e y  weigh a t o t a l  o f  
186 l b .  Cont inued u s e  o f  t h e s e  80 A-h b a t t e r i e s  i n  s u p p o r t  o f  
t h e  e x t e n d e d - l i f e  phase  of  t h e  miss ion  i s  made p o s s i b l e  by impos- 
i n g  on them a r equ i r emen t  f o r  about  100 low d e p t h  c h a r g e l d i s c h a r g e  
c y c l e s .  

The s e l e c t i o n  o f  Ag-Zn b a t t e r i e s  f o r  s u r f a c e  o p e r a t i o n s ,  i n -  
s t e a d  of  N i - C d  a s  recommended i n  prev ious  Mars mis s ion  mode s t u d -  
i e s ,  i s  based on t h r e e  f a c t o r s :  

1) Development of a s t e r i l i z a b l e  Ag-Zn b a t t e r y  w i t h  a 
c y c l e  l i f e  g o a l  of 400 c y c l e s  t o  50% d e p t h  o f  d i s -  
cha rge  i s  i n  p r o g r e s s .  The l a n d e r  ex tended  l i f e  re-  
qui rement  i s  100 c y c l e s  t o  10% d e p t h  o f  d i s c h a r g e ;  

2) Development of  a s t e r i l i z a b l e  N i - C d  b a t t e r y  would re- 
s u l t  i n  an  i n c r e a s e d  c o s t  o f  approx ima te ly  $700 000 
f o r  development  and qual i f  i c a  t i o n ;  

3 )  Minimum weight  - Use o f  a N i - C d  b a t t e r y  would r e s u l t  
i n  a n  i n c r e a s e  o f  50 l b .  

For  long- te rm s u r f a c e  o p e r a t i o n s ,  our  p r e f e r r e d  d e s i g n  i s  
based on t h e  use  o f  a 25 f t 2  s t e r i l i z a b l e  s o l a r  a r r a y  o f  s i l i c o n  
c e l l s ,  body mounted on t h e  t o p  s u r f a c e  o f  t h e  l a n d e r .  Compared 
t o  t h e  p rev ious  Mars mis s ion  mode s t u d y  c o n f i g u r a t i o n ,  we have 
avoided t h e  use  o f  d e p l o y a b l e ,  a d j u s t a b l e  s i d e  p a n e l s ,  The re- 
s u l t i n g  d e s i g n  i s  s i m p l e r ,  and l e s s  s u s c e p t i b l e  t o  mechanical  
f a i l u r e .  A r e d u c t i o n  i n  t h e  s i z e  o f  t h e  a r r a y  i s  p o s s i b l e  f o r  
two r e a s o n s :  

1) The r equ i r emen t  f o r  3 months landed l i f e  r e s u l t s  i n  a 
more f a v o r a b l e  s o l a r  a r r a y  performance a t  t h e  end o f  
t h e  m i s s i o n ,  compared t o  t h e  p r e v i o u s  r equ i r emen t  o f  
6 months l i f e ;  
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2) We have  reduced t h e  power p r o f i l e  d u r i n g  t h e  l o n g - l i f e  
m i s s i o n ,  c o n s i s t e n t  w i t h  wea the r  s t a t i o n  d a t a  r e t u r n  
r e q u i r e m e n t s .  

The per formance  of  t h e  l a n d e r  s o l a r  a r r a y  i s  shown i n  f i g u r e  
51 f o r  t h e  r a n g e  o f  proposed l a n d i n g  s i t e  l a t i t u d e s  under  a d v e r s e  
s l o p e  c o n d i t i o n s  o f  2 2 "  and a s l o p e  o f  0". 
from t h e  a r r a y  t o  meet t h e  wea the r  s t a t i o n  load  p r o f i l e  i s  abou t  
400 W-h/day. 
requi rement  a t  t h e  end o f  t h e  m i s s i o n  under  t h e  a d v e r s e  c o n d i t i o n s  
wi th  about  15% marg in .  

The ene rgy  r e q u i r e d  

The a r r a y  i s  s i z e d  a t  25 f t 2  t o  meet t h i s  minimum 

More margin e x i s t s  e a r l y  d u r i n g  t h e  landed  m i s s i o n ,  and f o r  
t h e  more f a v o r a b l e  ground s l o p e s  and s l o p e  a z i m u t h s .  The margin  
r e s u l t i n g  from t h e  more l i k e l y  s l o p e s  and az imuths  can  be used t o  
accompl ish  t h r e e  o b j e c t i v e s :  

1) To accommodate c l o u d s ;  

2)  To o f f s e t  a n  unknown d e g r e e  o f  d e g r a d a t i o n  o f  t h e  
s o l a r  a r r a y  due t o  t h e  e f f e c t s  o f  s e t t l i n g  d u s t  and 
sand s t o r m s ;  

3 )  To p r o v i d e  improved e x t e n d e d - l i f e  per formance  i n  ex -  
c e s s  o f  wea the r  s t a t i o n  o p e r a t i o n s .  

A s  a n  example o f  t h e  l a t t e r ,  assuming sunny s k i e s  d u r i n g  t h e  
e n t i r e  landed  m i s s i o n ,  and a f a v o r a b l e  s u r f a c e  s l o p e  o f  0 " ,  t h e  
panel  performance i s  g r e a t l y  improved .  The TWTA may t h e n  be  used 
i n  t h e  h i g h  power mode f o r  s e v e r a l  h o u r s  on many days  a s  i n d i c a t e d  
i n  d e t a i l  i n  f i g u r e  5 1 .  Where t h e  r e q u i r e m e n t s  c u r v e  exceeds  t h e  
panel per formance ,  t h e  d i f f e r e n c e  i n  d a i l y  e n e r g y  i s  made up by 
t h e  b a t t e r i e s  , which a r e  a p p r o x i m a t e l y  50% c h a r g e d .  

The p y r o t e c h n i c  subsys tem d e s i g n  i s  s i m i l a r  t o  t h e  one p r e -  
s en ted  i n  t h e  p r e v i o u s l y  Mars m i s s i o n  mode s t u d y .  The d e s i g n  
u s e s  c a p a c i t o r s  f o r  ene rgy  s t o r a g e  and s o l i d - s t a t e  s w i t c h e s  f o r  
arming t h e  e v e n t s  and f i r i n g  t h e  b r i d g e w i r e s .  

T a b l e  19 i s  a w e i g h t  summary f o r  t h e  power and p y r o t e c h n i c  
subsys tem.  
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25-W rf - 40 m i d d a y  - f i r s t  day 
50 W r f  - 3 h r / d a y  - next two days 24 f t 2  p a n e l  
R e p e a t i n g  c y c l e  Body mounted 

15' ground mask 
1% a t t e n u a t i o n  a t  z e n i t h  
No c l o u d s  

-50-W r f  - 2 h r  d a i l y  

300 

.. 
U 

Data t r a n s m i s s i o n  = 25-W r f  - 40 min d a i l y  

- I I I I 

3 a 
U 
3 
0 

4 
aJ 

\ 13' S l a t  

Load r e f e r e n c e d  t o  
p a n e l  o u t p u t  

180 s lat \ 
22' S s l o p e  I - - -  

Energy f o r  minimum p r o f i l e  -------.----, 400t - 
F i g u r e  51.- Lander S o l a r  Pane l  Performance 

13 1 
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TABLE 1 9  .- POWER AND PYROTECHNIC SUBSYSTEM WEIGHTS (a) 

a 

t a b u l a t e d  i n  t h e  s e q u e n t i a l  w e i g h t  s t a t e m e n t .  
Does n o t  i n c l u d e  e x t e r n a l  c a b l i n g  and s u p p o r t s .  These  i tems a r e  



Conclus ions  

The power subsys tem c o n c l u s i o n s  a r e :  

1) The u s e  o f  one t y p e  o f  s t e r i l i z a b l e  secondary  80 A-h 
Ag-Zn b a t t e r y  s a t i s f i e s  c r u i s e ,  e n t r y ,  and p o s t l a n d  
s t o r e d  energy  r equ i r emen t s .  The development of  t h i s  
s t e r i l i z a b l e  b a t t e r y  i s  a s i g n i f i c a n t  l ong- l ead  t a s k  
t o  be s t a r t e d  i n  Phase C ;  

2)  A s imple  s i l i c o n  s o l a r  a r r a y  i s  t h e  b e s t  program ap- 
proach  t o  a c h i e v e  s u r f a c e  o p e r a t i o n a l  l i f e  beyond 3 
days  f o r  a 1973 s o f t  l a n d e r ;  

3) With in  t h e  more f a v o r a b l e  d e s i g n  c o n s t r a i n t s  o f  a s o f t  
l a n d e r  (more w e i g h t ,  more volume, and lower impact  
s h o c k ) ,  t h e  power subsystem promises  t o  s u p p o r t  a 
long- te rm landed  miss ion  w i t h  good marg ins .  
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7 .  THERMAL CONTROL 

From a the rma l  c o n t r o l  s t a n d p o i n t ,  t h e r e  a r e  two b a s i c  d i f -  
f e r e n c e s  between t h e  f l i g h t  c a p s u l e  w i t h  a s u p p o r t  module and 
t h e  c o n f i g u r a t i o n s  s t u d i e d  d u r i n g  t h e  i n i t i a l  m i s s i o n  mode s t u d y .  
They a r e :  

1) Some of t h e  l a n d e r  equipment i s  powered up d u r i n g  
t h e  c r u i s e  mode t o  p r o v i d e  b a s i c  s p a c e c r a f t  f u n c t i o n s ;  

2 )  A s u p p o r t  module i s  added f o r  r e l a y  communicat ions,  
which must be t h e r m a l l y  c o n t r o l l e d  th rough  a l l  phases  
of t h e  m i s s i o n .  

The Mars s u r f a c e  thermal  c o n t r o l  i s  b a s i c a l l y  unchanged. Dur ing  
t h e  i n i t i a l  m i s s i o n  mode s t u d y  a p a r a m e t r i c  a n a l y s i s  was performed 
of many approaches  t o  t h e  l a n d e r  the rma l  c o n t r o l  sys t em.  Based 
on t h e  s t u d y ,  we recommend t h e  u s e  of  r a d i o i s o t o p e  h e a t e r s ,  
p r i m a r i l y  because  t h i s  system i s  c a p a b l e  o f  p r o v i d i n g  long  L i f e  
f o r  a wide r ange  of  Mars s u r f a c e  envi ronments  a t  a n  a c c e p t a b l e  
w e i g h t .  

The recommended the rma l  c o n t r o l  sys tem € o r  t h e  u n s t e r i l i z e d  
s u p p o r t  module and f l i g h t  c a p s u l e  i n  t h e  c r u i s e  phase  i s  shown 
i n  f i g u r e  5 2 .  M u l t i l a y e r  i n s u l a t i o n  i s  used  on t h e  a e r o s h e l l  
s i d e  o f  t h e  c a p s u l e  t o  minimize t h e  e f f e c t  o f  t h e  changing  s o l a r  
f l u x  on i n t e r n a l  t e m p e r a t u r e s .  I n s u l a t i o n  i s  a l s o  used on t h e  
o p p o s i t e  s i d e ,  because  t h e  sun  i s  on t h a t  s i d e  d u r i n g  t h e  p o s t -  
s e p a r a t i o n  phase of t h e  m i s s i o n .  Normally c l o s e d  the rma l  s w i t c h e s  
are  used t o  conduct  t h e  h e a t  o u t  of t h e  h e a v i l y  i n s u l a t e d  l a n d e r  
t o  p r e v e n t  o v e r h e a t i n g .  These s w i t c h e s  a r e  opened a t  o r  s h o r t l y  
a f t e r  l a n d i n g .  The s i d e  ( c o n i c a l )  s u r f a c e  i s  used as t h e  con-  
t r o l  s u r f a c e .  The e m i s s i v i t y  i s  s e l e c t e d  s o  t h a t  t h e  r e q u i r e d  
i n t e r n a l  t e m p e r a t u r e s  a r e  ma in ta ined  when r e j e c t i n g  t h e  e n t i r e  
i n t e r n a l  energy  i n c l u d i n g  t h e  200 W from t h e  r a d i o i s o t o p e  h e a t e r s .  

M u l t i l a y e r  i n s u l a t i o n  i s  used on t h e  sun s i d e  o f  t h e  s u p p o r t  
module t o  minimize t h e  e f f e c t  o f  t h e  chang ing  s o l a r  f l u x  on i n -  
t e r n a l  t e m p e r a t u r e s .  I n s u l a t i o n  i s  a l s o  a p p l i e d  t o  t h e  a f t  s i d e  
of t h e  suppor t  module t o  minimize t h e  h e a t  l e a k  t o  space  d u r i n g  
t h e  p o s t s e p a r a t i o n  phase of  t h e  m i s s i o n .  The suppor t  module e -  
quipment h e a t  i s  conducted  r a d i a l l y  by t h e  s u p p o r t  t r a y  t o  t h e  
c y l i n d r i c a l  r a d i a t o r .  
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Computer models of  b o t h  t h e  f l i g h t  c a p s u l e  and t h e  s u p p o r t  
module were  deve loped .  Some c a l c u l a t e d  t e m p e r a t u r e s  a r e  shown 
i n  f i g u r e  52 a t  E a r t h  and Mars. The c a p s u l e  t e m p e r a t u r e s  do n o t  
change s i g n i f i c a n t l y  i n  going  from E a r t h  t o  Mars because  o f  t h e  
e f f e c t  of t h e  i n s u l a t i o n .  The s o l a r  pane l  t e m p e r a t u r e s  a r e  ove r  
200°F a t  E a r t h ,  which d e c r e a s e s  t h e i r  e f f i c i e n c y .  However, t h e  
s o l a r  a r r a y  i s  s i z e d  by t h e  much lower s o l a r  f l u x  a t  Mars.  The 
t e m p e r a t u r e s  i n  t h e  suppor t  module change i n  t h e  c r u i s e  phase  
because  o f  t h e  s o l a r  f l u x  change a s  w e l l  a s  changes i n  t h e  s o l a r  
r e f l e c t i o n s  and i n f r a r e d  r a d i a t i o n  from t h e  c a p s u l e  s u r f a c e .  A l l  
t e m p e r a t u r e s  a r e  w i t h i n  a c c e p t a b l e  l i m i t s .  

The f l i g h t  c a p s u l e  thermal  c o n t r o l  a f t e r  s e p a r a t i o n  i s  shown 
i n  f i g u r e  3 3 .  The s u n  i s  on t h e  s i d e  o p p o s i t e  t h e  a e r o s h e l l  as 
t h e  c a p s u l e  o r i e n t a t i o n  i s  r e v e r s e d  from i t s  c r u i s e  p o s i t i o n .  The 
i n s u l a t i o n  on t h e  a e r o s h e l l  i s  j e t t i s o n e d  w i t h  t h e  s o l a r  p a n e l s  
b e f o r e  t h e  d e f l e c t i o n  maneuver.  The guidance  computer and IMU 
a r e  o p e r a t i n g  d u r i n g  t h e  p o s t s e p a r a t i o n  phase of  t h e  m i s s i o n  and 
add abou t  100 W t o  t h e  sys tem.  The e m i s s i v i t y  ( E )  o f  t h e  a e r o -  
s h e l l  and s o l a r  a b s o r p t i v i t y  (a )  of  t h e  c o n i c a l  s u r f a c e s  a re  
a d j u s t e d  t o  a c h i e v e  a the rma l  b a l a n c e .  
used t o  c a l c u l a t e  equipment t e m p e r a t u r e s  d u r i n g  t h i s  phase of 
t h e  m i s s i o n .  T y p i c a l  r e s u l t s  a r e  shown i n  f i g u r e  53. 

The computer models were 

F i g u r e  54 shows t h e  s u p p o r t  module i n  t h e  p o s t s e p a r a t i o n  
phase .  It i s  s p i n  s t a b i l i z e d  w i t h  t h e  h i g h - g a i n  a n t e n n a  aimed 
a t  E a r t h ,  and as a r e s u l t  t h e r e  i s  a 40" a n g l e  between t h e  s p i n  
a x i s  and sun  l i n e .  The t r a n s m i t t e r  i s  on f o r  t h e  f i r s t  h o u r ,  
o f f  € o r  15  h r  and on f o r  t h e  l a s t  h o u r .  
t r o l l e d  e l e c t r i c a l  h e a t e r s  a r e  used on t h e  b a t t e r i e s  t o  m a i n t a i n  
t h e i r  t e m p e r a t u r e  when t h e  t r a n s m i t t e r  i s  o f f .  The b a t t e r y  energy  
i s  a v a i l a b l e  w i t h  no weight  p e n a l t y ,  because  t h e  deve loped  b a t -  
t e r i e s  t h a t  have been s e l e c t e d  have enough e x c e s s  c a p a c i t y  t o  p r o -  
v i d e  t h e  the rma l  c o n t r o l  r e q u i r e m e n t s .  Computer a n a l y s i s  was p e r -  
formed,  and t h e  s t e a d y - s t a t e  r e s u l t s  ( t r a n s m i t t e r  o f f )  a r e  shown 
i n  f i g u r e  5 4 .  

T h e r m o s t a t i c a l l y  con-  

T a b l e  20 summarizes t h e  components used and t h e i r  development 
s t a t u s .  The most c r i t i c a l  i t e m s  i n  t h e  the rma l  c o n t r o l  sys tem a r e  
t h e  i s o t o p e  h e a t e r s  and t h e  Mars s u r f a c e  i n s u l a t i o n .  

The the rma l  c o n t r o l  system w e i g h t s  a r e  g iven  i n  t a b l e  2 1 .  
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TABLE 21. - THERMAL CONTROL SYSTEM WEIGHT 

Capsule 
Multilayer insulation 
Coatings 

Isotope heaters (includes installation and 

Mars surface insulation 
Phase change material (includes packaging) 
Thermal switches 
Multilayer insulation (on nonsurvivable equip.) 

Lander 

actuators) 

Support module 
Mu 1 t i 1 ay er ins u 1 at ion 
Heaters and thermostats 

Weight, l b  

18 
14 

28 
12 
8 
5 
4 

1.5 
.5 

C onc 1 us ions 

1) Thermal control o f  both the capsule and support module 
system designs can be achieved by relatively simple 
passive means; 

No long-lead items are required for the thermal con- 
trol system design if the following action is taken; 

a) The Mars surface insulation R&D work planned by 

2 )  

JPL is done, 

b) The radioisotope heater development program in 
progress by NASA Houston continues and meets the 
technical requirements for the Mars lander mission. 
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CONCLUSIONS 

The s o f t  l a n d e r l s u p p o r t  module c o n f i g u r a t i o n  i s  a d e s i g n  t h a t  
f i t s  a l l  t h e  i m p o r t a n t  ground rules  and c o n s t r a i n t s  - -  c o s t ,  mean- 
i n g f u l  s c i e n c e ,  ex tended  l i f e t i m e  on Mars ,  T i t a n  I I I C  per formance ,  
and a v a i l a b i l i t y  f o r  t h e  1973 l aunch  o p p o r t u n i t y .  

The c o n f i g u r a t i o n  uses  much e x i s t i n g  equipment .  The v e r n i e r  
eng ine  i s  under  development  by Wal te r  K i d d e  and Company. The ac-  
companying e n g i n e  t h r o t t l e  v a l v e  has  been developed  by LTV. The 
c r u i s e  a t t i t u d e  c o n t r o l  sys tem,  s u n  and Canopus s e n s o r s ,  and t h e  
c r u i s e  s o l a r  a r r a y  c e l l s  a r e  t a k e n  d i r e c t l y  from t h e  Mar iner  ' 6 9  
program. A f t e r  c e r t a i n  m o d i f i c a t i o n s ,  t h e  LM r a d a r  i s  a d a p t a b l e  
t o  t h e  1973 Mars m i s s i o n s .  S e v e r a l  o t h e r  components r a n g i n g  from 
d i g i t a l  computers  t o  p a r a b o l i c  an tennas  a r e  a v a i l a b l e .  

A l l  subsys tem components a r e  e i t h e r  p r e s e n t  s t a t e  o f  t h e  a r t  
o r  can  be deve loped  f o r  t h e  1973 launch  o p p o r t u n i t y .  T h e r e  a r e  
s e v e r a l  l ong- l ead  i t e m s ,  b u t  none a r e  s o  c r i t i c a l  t h a t  t hey  re- 
q u i r e  FY 69 funds  t o  s u p p o r t  t h e  Mars 1973 s o f t  l a n d e r  m i s s i o n ,  

The long- l ead  items t h a t  must s t a r t  d u r i n g  t h e  Phase C a r e  
t e r m i n a l  d e s c e n t  and l a n d i n g  r a d a r  (TDLR), i n e r t i a l  measurement 
u n i t  (IMU), s t r u c t u r a l  and thermal  t e s t  models ,  and s t r u c t u r a l  
l a n d i n g  t e s t  m o d e l s .  

The f o l l o w i n g  items must c o n t i n u e  t h e i r  development  c y c l e  t o  
be a v a i l a b l e  t o  t h i s  program - -  s t e r i l i z a b l e  b a t t e r y ,  i s o t o p e  
h e a t e r s ,  and s c i e n c e  payload i n s t r u m e n t s .  

S e v e r a l  a r e a s  have been i d e n t i f i e d  t h a t  appea r  t o  m e r i t  f u r -  
t h e r  i n v e s t i g a t i o n  a s  a r e s u l t  o f  t h i s  s t u d y  e f f o r t .  Use of t h e  
Kidde engine/LTV t h r o t t l e  v a l v e  combina t ions  could  s i g n i f i c a n t l y  
r e d u c e  program c o s t  and r i s k .  A t e s t  program t h a t  w i l l  demon- 
s t r a t e  t h e  e n g i n e l v a l v e  c o m p a t i b i l i t y  i s  d e s i r a b l e .  A d e t a i l e d  
s i x  d e g r e e  o f  freedom s i m u l a t i o n  of  t h e  s e l e c t e d  TDLR should  be 
c o n s i d e r e d .  Work should  proceed i n  s i m u l a t i n g  t h e  r a d a r l p a r a c h u t e  
phase ,  i n c l u d i n g  wind and g u s t  e f f e c t s .  

M a r t i n  M a r i e t t a  C o r p o r a t i o n  
Denver ,  Colorado ,  November 11, 1968 
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