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SUMMARY 

This study e f f o r t  has examined new mission concepts and technology 

advancements t h a t  can be used i n  the explora t ion  of the Outer P lane t  

s a t e l l i t e s .  T i t an ,  the seventh s a t e l l i t e  of Sa turn  was se lec ted  a s  the  

t a r g e t  of i n t e r e s t .  Science objec t ives  f o r  T i t a n  explora t ion  were 

i d e n t i f i e d  and recommended sc ience  payloads f o r  four' basic  mission modes 

were developed ( o r b i t e r ,  atmospheric probe, su r f ace  penet ra tor  and lander) .  

T r i a l  spacecraf t  and mission designs were produced f o r  the var ious  mission 

modes using e x i s t i n g  technology. Using these  t r i a l  designs as  a base, 

technology excursions were then made t o  f ind  s o l u t i o n s  t o  the  problems 

r e s u l t i n g  from these conventional approaches and t o  uncover new sc ience ,  

technology and mission planning opt ions.  The measure of worth of these  

new opt ions i s  t h e i r  cont r ibu t ion  t o  mission performance, r e l i a b i l i t y  

and sc ience  value. Several  i n t e r e s t i n g  mission modes were developed 

t h a t  take advantage of the unique condi t ions  expected a t  Ti tan.  They 

include a combined o r b i t e r ,  atmosphere probe and lander  vehic le ,  a com- 

bined probe and sur face  penet ra tor  conf igura t ion ,  and concepts f o r  

advanced remote sensing o r b i t e r s .  

ii. 
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S W R Y  VOLUME 

I. INTRODUCTION 

New p l a n e t a r y  e x p l o r a t i o n  miss ions  a r e  v e r y  o f t e n  made p o s s i b l e  by 

t h e  advancement of technology. S c i e n t i f i c a l l y  e x c i t i n g  programs w i l l  

be put  o f f  o r  g iven  up i f  they  a r e  t o o  c o s t l y ,  pose unsolvable  environ-  

mental  problems, o r  demand excess ive  performance l e v e l s  o r  a c c u r a c i e s .  

By removing t h e s e  program planning road b locks  through an  e a r l y  commit- 

ment t o  technology s t u d i e s  and r e s e a r c h ,  t h e  NASA O f f i c e  o f  Aeronaut ics  

and Space Technology makes a n  important  c o n t r i b u t i o n  t o  t h i s  n a t i o n ' s  

t echnolog ica l  progress .  

The work r e p o r t e d  h e r e  i s  a n  example of t h e  OAST p o l i c y  of f a c i l i t a -  

t i n g  p l a n e t a r y  e x p l o r a t i o n  planning through technology advancement. It 

focuses  on a  miss ion t h a t  h a s  r e c e n t l y  v a u l t e d  i n t o  t h e  p l a n e t a r y  s c i e n c e  

l i m e l i t e  b u t  which poses a  number of d i f f i c u l t  t e c h n i c a l  c h a l l e n g e s ,  t h e  

e x p l o r a t i o n  of S a t u r n ' s  seventh  s a t e l l i t e ,  T i t a n .  

Thirty-two y e a r s  ago Gerard Kuiper d e t e c t e d  methane i n  t h e  spectrum 

of T i t a n .  T i t a n ,  l a r g e r  t h a n  the  p l a n e t  Mercury, thus  became the  f i r s t  

and on ly  s a t e l l i t e  i n  the  s o l a r  system known t o  have a  s i g n i f i c a n t  atmo- 

sphere .  Much l a t e r ,  i n  1972, Laurence T r a f t o n  observed hydrogen i n  the  

T i t a n  atmosphere and p r e d i c t e d  t h a t  t h e  s u r f a c e  p r e s s u r e  on t h e  s a t e l l i t e  

was 200 m i l l i b a r s  o r  more -- much h igher  t h a n  had been p rev ious ly  assumed. 

A t  about  t h e  same time i n f r a r e d  spec t roscopy  began t o  suggest  atmosphere 

temperatures ,  i n c r e a s i n g  w i t h  depth ,  t h a t  could  be a s  h igh a s  200°K a t  

t h e  s u r f a c e .  Such s u r f a c e  temperatures  could  on ly  be exp la ined  by a  

s o l a r  energy- t rapping greenhouse e f f e c t .  

The upshot of these  accumulated f i n d i n g s  about  T i t a n  has been a  

wave of i n t e n s e  i n t e r e s t  and suppor t  from t h e  p l a n e t a r y  s c i e n c e  community 

f o r  e x p l o r a t i o n  miss ions  t o  t h e  s a t e l l i t e .  Here is  a  body w i t h  a  warm, 

t h i c k  atmosphere exh ib i t ing '  the  h i g h e s t  r a t i o  of methane t o  hydrogen of 

any known reducing atmosphere. A s  such i t  r e p r e s e n t s  an  environment 

t h a t  i s  i n  many r e s p e c t s  l i k e  t h a t  of t h e  p r i m i t i v e  E a r t h  a t  t h e  t ime 

of t h e  o r i g i n  of l i f e .  Obviously then,  T i t a n  ranks  w i t h  Mars a s  one of 



t h e  most l i k e l y  p l a c e s  t o  s e a r c h  f o r  e x t r a t e r r e s t r i a l  l i f e  o r  p r e c u r s o r s  

t o  l i f e ,  i n  t h e  e n t i r e  s o l a r  system. 

Mounting a  miss ion  o r  s e r i e s  o f  miss ions  t o  T i t a n ,  however, e n t a i l s  

c o n s i d e r a b l e  d i f f i c u l t i e s .  To launch payloads t o  S a t u r n  o r b i t  t h a t  

would suppor t  conven t iona l  l a n d e r  sys tems,  would s e v e r e l y  t a x  even t h e  

Shut t le-Tug c a p a b i l i t i e s .  The ephemeris u n c e r t a i n t i e s  of T i t a n  l i m i t  

t h e  p r e c i s i o n  t o  which approach and encounter  t r a j e c t o r i e s  can  be 

c a l c u l a t e d .  The u n c e r t a i n t i e s  i n  the  c u r r e n t  knowledge o f  the  T i t a n  

atmosphere and s u r f a c e  compl ica te  the  d e s i g n  of probes ,  l a n d e r s  o r  

s u r f a c e  p e n e t r a t o r s  . The long t r a n s m i s s i o n  d i s t a n c e s  from S a t u r n  t o  

E a r t h  and t h e  sometimes l i m i t e d  communica~ions  windows make i t  d i f f  i- 

c u l t  t o  r e t u r n  s c i e n c e  d a t a  a t  s u f f i c i e n t l y  h igh  b i t  r a t e s .  These and 

many o t h e r  c o n s t r a i n t s  on T i t a n  o r  o t h e r  o u t e r  p l a n e t  s a t e l l i t e  miss ions  

u n d e r l i n e  t h e  need f o r  technology advancement i n  many a r e a s  t o  make t h e  

e x p l o r a t i o n  of t h e s e  bod ies  a  c o s t - e f f e c t i v e  under taking.  

The o b j e c t i v e  of t h i s  s tudy  was t o  i d e n t i f y  and e v a l u a t e  those  

technology excurs ions  from t h e  c u r r e n t  s t a t e  of t h e  a r t  t h a t  w i l l  

b e n e f i t  T i t a n  e x p l o r a t i o n  miss ions .  The s t u d y  approach followed t h e  

s t e p s  shown i n  F igure  1. Figure  2 d e p i c t s  t h e  g e n e r a l i z e d  miss ion  con- 

c e p t s  t h a t  formed t h e  s t a r t i n g  p o i n t s  f o r  technology advancements. 

I n  t h e  course  o f  t h i s  s t u d y ,  a g r e a t  d e a l  has  been l ea rned  abou t  

t h e  t e c h n i c a l  c h a l l e n g e s  of e x p l o r i n g  T i t a n  t h a t  h a s  n o t  been examined 

b e f o r e .  Th i s  has  s t i m u l a t e d  t h e  d i scovery  o f  a  number of technology 

improvements and e x p l o r a t i o n  techniques  t h a t  w i l l  n o t  on ly  make t h e  

e x p l o r a t i o n  of T i t a n  more p r a c t i c a b l e  b u t  w i l l -  have p o s s i b l e  a p p l i -  

c a t i o n  t o  miss ions  t o  o t h e r  o u t e r  p l a n e t  s a t e l l i t e s  a s  w e l l .  



I D E N T I F Y  T I T A N  DEVELOP T R I A L  

EXPLORATION M I S S I O N  DESIGNS 

TO EXAMINE M I S S I O N  

AND SYSTEMS 

o O R B I T E R  

I D E N T I F Y  AND 

EVALUATE TECHNOLOGY 

EXCURSIONS THAT 

ENHANCE T I T A N  

EXPLORATION 

o ATMOSPHERIC PROBE I 
o SURFACE PENETRATOR 

o S O F T  LANDER 

TECHNOLOGY 

ADVANCEMENTS OR 

COMBINATIONS F O R  

FURTHER D E V E L O M N T  

Fig. 1 Study Approach 





11. SCIENCE OBJECTIVES FOR TITAN EXPLORATION 

T i t a n ,  a s  a  s p e c i a l  example o f  an  o u t e r  p l a n e t  s a t e l l i t e ,  has  

become a  h igh  p r i o r i t y  g o a l  f o r  e x p l o r a t i o n .  Over t h e  p a s t  t h i r t y - t w o  

y e a r s  an ever  more f a s c i n a t i n g  l i s t  of c h a r a c t e r i s t i c s  has  evolved from 

observa t ions  of t h i s  p lane t - s ized  moon of Saturn.  Table 1 l i s t s  a  

c u r r e n t  concensus of T i t a n  f e a t u r e s  and p r o p e r t i e s .  Even t h e s e  c h a r a c t e r -  

i s t i c s  a r e  s u b j e c t  t o  'almost d a i l y  r e v i s i o n  a s  new d a t a  and new hypo- 

t h e s e s  a r e  generated by a n  i n t e n s e l y  i n t e r e s t e d  sc ience  community. 

The h i g h e s t  p r i o r i t y  s c i e n c e  q u e s t i o n  s t i m u l a t e d  by our c u r r e n t  

knowledge of T i t a n  i s :  what i s  t h e  n a t u r e  of t h e  o rgan ic  chemist ry  i n  

t h e  atmosphere and on the  s u r f a c e ?  The r e l a t i v e l y  warm, t h i c k  atmosphere 

and t h e  presence of methane and hydrogen sugges t  an o rgan ic  "soup" i n  

which molecules may have syn thes ized  i n t o  p r e b i o t i c  o r  even l i v i n g  forms. 

Informat ion on t h e s e  processes  could  have a  profound impact on our 

knowledge of how l i f e  formed and evolved on Ear th .  

I n  a d d i t i o n  t o  t h e  p r e s s i n g  i s s u e  o f  o rgan ics  on T i t a n ,  o t h e r  ques- 

t i o n s  on t h e  format ion and e v o l u t i o n  of the  s a t e l l i t e  a r e  important .  

For example: when, how and of what was T i t a n  formed? And: what processes  

a r e  o r  have been a t  work t h e r e  s i n c e  i t s  formation? 

During t h e  course  of t h i s  s tudy ,  Mart in  M a r i e t t a  con tac ted  a  number 

of l e a d i n g  p l a n e t a r y  s c i e n t i s t s  f o r  t h e i r  views on s c i e n c e  s t r a t e g i e s  

f o r  T i t a n  e x p l o r a t i o n .  The h i g h l i g h t  o f  these  e f f o r t s  was t h e  s c i e n c e  

c o n s u l t a n t  meeting h e l d  i n  Denver on November 2,  1975 invo lv ing  t h e  

fo l lowing  s c i e n t i s t s  : 

D r .  Michael B. McElroy - Harvard U n i v e r s i t y  

D r .  Thomas Donahue - U n i v e r s i t y  of Michigan 

D r .  Gordon H. P e t t e n g i l l  - MIT 

D r .  Donald M. Hunten - K i t t  Peak Nat iona l  Observatory 

D r .  John S . Lewis - MIT 

D r .  Alexander J. Dess le r  - Rice U n i v e r s i t y  

M r .  H.  J u l i a n  Allen - Palo  A l t o ,  C a l i f o r n i a  

M r .  Harold Masursky - USGS/Flagstaff, Arizona 



Table 1 Best Current Description of Titan 

Radius 2700 .k 200 km 

Bulk  Density 1.7 t- 0.4 glcm 3 

Surface Acceleration 1.3 t 0.2 mlsec 2 

Effective Temperature 85 + 2 ' ~  

Rotational Period 15.9 Days 

S u rface Temperature 78 to 125OK 
Negligible diurnal  variation 

0 

Pressure at Surface 17 to 1,000 mbar 
(most probable = 400 mbar) 

Surface Composition Ices likely (methane and water ice, ammonium and methane 
clathrate hydrates). Hydrocarbon dusts (smog fallout), 
l iquids, ices. Liquid methane possible, but  improbable. 
M ino r  meteorite dust. 

Atmospheric Composition Methane, C-2 gases, (Hydrogen?). 
Nitrogen andlor neon. 



Some of the  i d e a s  and recommendations t h a t  emerged i n  t h e s e  

d i s c u s s  ions  were : 

1 )  P r e d i c t i o n s  on T i t a n  s u r f a c e  c o n d i t i o n s  v a r y  widely .  Some, 

(e.g. Lewis and Hunten) favor  a  l i q u i d  methane model whi le  

o t h e r s  t h i n k  a  g l a s s y  a s p h a l t  s u r f a c e  f i t s  t h e  observa t ions  

b e t t e r .  

2 )  Lewis p r e d i c t s  t h a t  i f  t h e r e  is  a  c r u s t ,  i t  i s  a  t h i n  one, 

(25 KM t h i c k ,  which should be  smooth excep t  f o r  t h e  p o s s i b l e  

bu lg ing  e f f e c t  of convec t ion  c e l l s  i n  t h e  l i q u i d  j u s t  below 

it. 

3 )  Heat f low should be  r e l a t i v e l y  l a r g e  - only a few times l e s s  

than  t h e  Ear th .  Thus h e a t  f low measurements should have 

h i g h  p r i o r i t y .  

4 )  Some f e e l  organic  molecule s y n t h e s i s  cannot  proceed beyond 

propane (C3H8) o r  p o s s i b l y  hexane ( c ~ H ~ ~ )  i n  t h e  atmosphere. 

Warm v o l c a n i c  poo ls  on t h e  s u r f a c e  could  suppor t  t h e  growth 

t o  h e a v i e r  o rgan ics .  Hunten p r e d i c t s  t h a t  a  l a y e r  of o r g a n i c  

p h o t o l y s i s  products  could e x i s t  on t h e  s u r f a c e  t h a t  i s  on 

t h e  o rder  o f  1 km t h i c k .  

5) Pass ive  microwave radiometry  from o r b i t  was suggested by 

P e t t e n g i l l  a s  a  good experiment f o r  d e t e c t i n g  t h e  temperature  

s i g n a t u r e s  of t h e  s u r f a c e  and subsur face  c o n s t i t u e n t s .  

6 )  Sur face  i c e s  on T i t a n  p r e s e n t  c h a l l e n g e s  i n  how t o  determine 

t h e i r  proper  t i e s ,  c o n s t i t u e n t s  and ages .  Lewis suggested 

low temperature  X-ray d i f f r a c t i o n ,  neu t ron  d i f f r a c t i o n  and 

potassium argon da t ing(of  s a l t s  i n  t h e  i c e s )  a s  p o s s i b l e  

exper imental  techniques .  

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

e x p l o r a t i o n ,  a  number of recommended s c i e n c e  payloads were de f ined  a s  

be ing  a p p r o p r i a t e  f o r  t h e  f o u r  b a s i c  miss i o n  modes: o r b i t e r ,  a tmospher ic  

probes ,  s u r f a c e  p e n e t r a t o r s  and l a n d e r s .  Table  2 ,  3 ,  4 and 5 i d e n t i f y  

t h e s e  payloads.  
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Table 3 Candidate Science Payload-Probe 

1. Atmospheric Mass Spectrometer 
(Light Gases, 1-50 AMU) 

2. Organic Mass Spectrometer 
(Complex Molecules, 50-250 AMU) 

3. Gas Chromatograph 
(Light Organics and 0th er Condensibles) 

\D 

4. UV Multi -band Photometer 
(Solar Pointing; Profiles Photochemical Constituents) 

5. Accelerometer, Temperature, Pressure Transducers 
(Atmospheric Physical State Profile) 

6. I mpact Transducer 
(S urface Location and Gross Physical Properties) 





I-' 
I-' 

Table 5 Candidate  Sc ience  Payload - Lander 

1. Combined GCMS:;<lLife Detection 

(Organic Compounds - Smog; Metabolism via GEX:') 

2. Atmospheric Sensor Array 

(Temperature, Pressure) 

3. Camera 

(Image Terrain, Cloud Cover Dynamics) 

4. Surface Sampler 

(Sampling; Physical and Thermal Characteristics of Surface) 

GCMS = Gas Chromatograph + Mass Spectrometer 

:$ G M  = Gas Exchange tala Viking GEX Life Detection) 



The s c i e n c e  o b j e c t i v e s  f o r  T i t a n  e x p l o r a t i o n  impose a  number of 

miss ion  and systems d e s i g n  c h a l l e n g e s ,  many of which w i l l  b e s t  be  met 

through new concep ts  and advanced technology. These c h a l l e n g e s  inc lude :  

I )  Telecommunications l i n k s  t o  s u p p o r t  high r e s o l u t i o n  imagery 

and long d u r a t i o n  o r g a n i c s  and l i f e  d e t e c t i o n  experiments.  

T h i s  impl ies  h i g h  d a t a  r a t e s  and maintenance of good l i n k  

geometry f o r  long p e r i o d s ;  

2 )  Implementation o f  h e a t  f low experiments i n  a  s u r f a c e  o f  

unknown composi t ion and s t r u c t u r e ;  

3)  Sampling s u r f a c e  m a t e r i a l  of unknown p h y s i c a l  s t a t e ;  

4 )  Age d a t i n g  techniques  f o r  i c y  m a t e r i a l s ;  

5) Ga ther ing  s y n o p t i c  o r  s a t e l l i t e  - wide s c i e n c e  d a t a .  

Probably  t h e  most c h a l l e n g i n g  requirement  of a l l  is t o  answer t h e  

q u e s t i o n s  posed by t h e  p l a n e t a r y  sc ience  community w i t h i n  a  reasonab le  

time per iod.  If a c o n s e r v a t i v e  approach were taken i n  which a  s e r i e s  of 

T i t a n  miss ions  were flown w i t h  each w a i t i n g  f o r  the  completion of t h e  

previous one b e f o r e  commencing t h e  next  l o g i c a l  s t e p ,  the miss ions  could  

on ly  be done a t  ten-year  i n t e r v a l s .  This  s o r t  of t iming could  n o t  suppor t  

an  a c t i v e  program of  e x p l o r a t i o n  o r  t h e  cont inued i n t e r e s t  of s c i e n t i s t s .  

Therefore  techniques  f o r  combining e x p l o r a t i o n  o b j e c t i v e s  i n t o  miss ion  

modes and systems concep ts  t h a t  c a n  t o l e r a t e  u n c e r t a i n  and unknown 

c o n d i t i o n s  were g i v e n  h i g h  p r i o r i t y  i n  t h i s  s tudy.  



111. MISSION AND SYSTEMS APPROACH TO TITAN EXPLORATION 

Three major f a c t o r s  complicate  t h e  des ign  of miss ions  and systems 

f o r  T i t a n  e x p l o r a t i o n :  

1 )  The long c r u i s e  t imes  t o  S a t u r n  ( t y p i c a l l y  4 t o  7 y e a r s )  make 

i t  i m p r a c t i c a l  t o  p l a n  c o n s e r v a t i v e ,  s tep-wise  miss ions  i n  

which the  r e s u l t s  of one f l i g h t  can be  used t o  p lan  a sub- 

sequen t ,  more ambi t ious  one; 

2 )  The u n c e r t a i n t i e s  i n  T i t a n ' s  ephemeris,  atmosphere and s u r f a c e  

make i t  d i f f i c u l t  t o  des ign  systems t h a t  w i l l  f u n c t i o n  over 

t h e  range of c o n d i t i o n s  t h a t  could  conce ivab ly  be encountered;  

3 )  Launch v e h i c l e  performance requirements  f o r  miss ions  t o  S a t u r n  

a r e  h i g h  enough t h a t  usab le  payloads f o r  o r b i t e r ,  a tmospher ic  

probe,  s u r f a c e  p e n e t r a t o r  and l a n d e r  miss ions  a r e  s e r i o u s l y  con- 

s t r a i n e d  by the  p r o j e c t e d  Shut t le- IUS and Shutt le-Tug c a p a b i l -  

i t i e s .  

The f i r s t  s t e p  i n  t h i s  s tudy  was t o  examine t h e s e  f a c t o r s  and t o  

determine whether c u r r e n t  technology o r  s p a c e c r a f t  concepts  can be used 

t o  meet T i t a n  e x p l o r a t i o n  s c i e n c e  o b j e c t i v e s  i n  a c o s t  e f f e c t i v e  way o r  

whether advanced technology i s  i n d i c a t e d .  Four t r i a l  miss ion / sys  tem 

des igns  were developed t o  a s s e s s  the  a p p l i c a b i l i t y  of c u r r e n t  technology 

t o  t h e s e  o b j e c t i v e s .  

F igure  3 d e p i c t s  t h e  c h a r a c t e r i s t i c s  of a t y p i c a l  o r b i t e r  miss ion 

i n  which a S a t u r n  o r b i t  i s  achieved t h a t  provides  a c l o s e  encounter  w i t h  

T i t a n  every 32 days. The v e h i c l e  weights  shown r e p r e s e n t  a p p l i c a t i o n  of 

Pioneer  ( s p i n - s t a b i l i z e d )  and Mariner (3-axis  s t a b i l i z e d )  technology. 

F igure  4 summarizes a T i t a n  atmospheric probe miss ion.  The probe 

technology used has  been drawn from the  Ames Research c e n t e r ' s  o u t e r  

p l a n e t  probe program. The e n t r y  c o n d i t i o n s  a r e  much l e s s  s e v e r e  f o r  t h i s  

probe than f o r  the  J u p i t e r  probe,  p r i m a r i l y  due t o  t h e  reduced e n t r y  

v e l o c i t y  (5.84 km/s vs 50 km/s). This  means the  probe can be s m a l l e r  

than the  J u p i t e r  v e r s i o n  (100 kg v s  150 kg) and s t i l l  c a r r y  a f u l l  

complement of s c i e n c e  ins t ruments .  
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A t y p i c a l  T i t a n  s u r f a c e  p e n e t r a t o r  miss ion  i s  shown i n  F igure  5. 

Th is  i s  a  d i r e c t  a p p l i c a t i o n  of the  technology developed by Sandia 

Corpora t ion  f o r  E a r t h  p e n e t r a t o r s  and l a t e r  s t u d i e d  f o r  a p p l i c a t i o n  a t  

Mars. The p e n e t r a t o r  can  t o l e r a t e  some degree  of u n c e r t a i n t y  i n  t h e  

atmosphere which would make t h e  impact v e l o c i t y  vary.  It a l s o  o f f e r s  

t h e  advantage of p rov id ing  a c c e s s  t o  s u b s u r f a c e  regimes f o r  c e r t a i n  

s c i e n c e  ins t ruments .  

F igure  6 d e s c r i b e s  a T i t a n  s o f t  l a n d e r  miss ion  based on Viking 

technology. The l ander  however i s  s m a l l e r  than Viking (279 kg v s  597 kg) 

t o  provide a  c l o s e r  match t o  t h e  p r o j e c t e d  launch v e h i c l e  performance 

c a p a b i l i t i e s  f o r  S a t u r n  miss ions .  

A 1 1  f o u r  of t h e s e  t r i a l  miss ion des igns  do appear  t o  be  f e a s i b l e  

techniques  f o r  T i t a n  e x p l o r a t i o n .  However, none of them s a t i f i e s  a l l  of 

t h e  t h r e e  c o n d i t i o n s  o f :  1 )  meeting t h e  f i r s t  p r i o r i t y  s c i e n c e  r e q u i r e -  

ments;  2 )  t o l e r a t i n g  t h e  p o t e n t i a l  u n c e r t a i n t i e s  a t  T i t a n ;  and, 3 )  

remaining w i t h i n  t h e  launch system performance c a p a b i l i t i e s .  

F igure  7 i l l u s t r a t e s  t h e  t h i r d  p o i n t ,  showing t h e  p r o j e c t e d  per-  

formance t o  S a t u r n  f o r  t h e  Shut t le- IUS and Shut t le-Tug over  t h e  time 

per iod  t h r u  t h e  1990 's .  The o n l y  o p p o r t u n i t i e s  i n  which t h e  probe,  

p e n e t r a t o r  o r  l a n d e r  miss ions  can be flown w i t h  a  t h r e e - a x i s  bus 

a r e  1985 and p o s s i b l y  1998. These b a l l i s t i c  t r a j e c t o r y  mode 

performance l i m i t s  can be improved upon i n  t h e  1990 ' s  when p l a n e t a r y  

a l ignments  permit  J u p i t e r  swingby miss ions  t o  be flown. 

It i s  c l e a r  t h a t  miss ion  and s p a c e c r a f t  d e s i g n  approaches t h a t  

r e q u i r e  l e s s  throw-weight, can perform t h e  high p r i o r i t y  atmosphere 

and s u r f a c e  s c i e n c e  i n v e s t i g a t i o n s ,  and can a d a p t  t o  u n c e r t a i n t i e s  

i n  t h e  T i t a n  ephemeris,  atmosphere and s u r f a c e  c h a r a c t e r i s t i c s ,  w i l l  

r e q u i r e  more than  conven t iona l  technology. 
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I V .  APPLICATION OF NEW TECHNOLOGY 
TO TITAN EXPLORATION 

S e v e r a l  new miss ion  and s p a c e c r a f t  concepts  were developed i n  t h i s  

s t u d y  t h a t  o f f e r  a t t r a c t i v e  advantages  f o r  T i t a n  e x p l o r a t i o n .  They w i l l  

d e l i v e r  answers t o  t h e  high p r i o r i t y  s c i e n c e  q u e s t i o n s  wi thou t  t h e  need 

f o r  p recursor  miss ions  and w i t h o u t  b e i n g  v u l n e r a b l e  t o  t h e  u n c e r t a i n t i e s  

i n  t h e  T i t a n  environment. 

A l a r g e  number o f  s p e c i a l i z e d  technology advancements was a l s o  

i d e n t i f i e d  and examined i n  t h e  s t u d y  t h a t  can  suppor t  e i t h e r  t h e  new 

m i s s i o n / s p a c e c r a f t  modes o r  more conven t iona l  T i t a n  e x p l o r a t i o n  miss ions .  

A.  TITAN ORBITER, PROBE AND LANDER (TOPL) 

Because T i t a n  has  a  r e l a t i v e l y  s m a l l  g r a v i t a t i o n a l  a c c e l e r a t i o n  (1.3 
2 

m/sec2 v s  9.8 rn/sec a t  E a r t h ) i t s  atmosphere is  n o t  concen t ra ted  a t  t h e  

s u r f a c e  b u t  extends  t o  h igh  a l t i t u d e s  w i t h  s i g n i f i c a n t  d e n s i t y .  This 

l a r g e  atmosphere s c a l e  h e i g h t ,  coupled w i t h  t h e  low o r b i t a l  v e l o c i t i e s  

t h a t  can  be achieved a t  T i t a n ,  provide some s p e c i a l  c o n d i t i o n s  t h a t  c a n  

be  e x p l o i t e d  w i t h  ingenious  s p a c e c r a f t  des ign.  

A v e h i c l e  i n  o r b i t  a t  T i t a n  can be d e o r b i t e d  o r  d e f l e c t e d  i n t o  t h e  

atmosphere where i t  w i l l  b e g i n  t o  slow down a t  h i g h  a l t i t u d e s .  A s  it 

slows i t  w i l l  p e n e t r a t e  f u r t h e r  u n t i l  u l t i m a t e l y  i t  w i l l  d e c e l e r a t e  t o  a  

s a f e  l and ing  v e l o c i t y .  Because the  e n t r y  h e a t i n g  is  thus  sp read  over a 

long  t ime per iod  and because t h e  e n t r y  v e l o c i t y  t o  beg in  w i t h  was n o t  

h igh,  t h e  absorbed h e a t i n g  c a n  be r e r a d i a t e d  back t o  space dur ing  t h e  

descen t  w i t h o u t  e x c e s s i v e  e l e v a t i o n  of t h e  s p a c e c r a f t  s u r f a c e  temperature .  

Thus a  s i n g l e  v e h i c l e  can f u n c t i o n  a s  a  T i t a n  orbiter;atmospheric probe 

and l a n d e r .  Such a  v e h i c l e ,  d e s i g n a t e d  TOPL, f o r  T i t a n  O r b i t e r ,  Probe 

and Lander, is  shown i n  F igure  8. The TOPL o p e r a t i o n a l  sequence is  shown 

i n  F igure  9. 

B . ADVANCED REMOTE SENS I N G  ORBITER (ARSO) 

There is a  v e r y  a c t i v e  schoo l  of thought i n  p l a n e t a r y  e x p l o r a t i o n  

t h a t  h o l d s  t h a t  many i f  no t  most of t h e  primary s c i e n c e  q u e s t i o n s  a t  a  

p l a n e t a r y  body can  be answered w i t h  a  w e l l  equipped o r b i t e r .  TO examine 







t h i s  approach f o r  T i t a n  e x p l o r a t i o n ,  we developed the  o r b i t a l  maneuver 

s t r a t e g i e s  and conf igured  a n  o r b i t i n g  v e h i c l e  t h a t  can produce high 

q u a l i t y  remotely  sensed  s c i e n t i f i c  d a t a .  

C a r e f u l  use  of T i t a n  g r a v i t a t i o n a l  e f f e c t s  can  save some 1 km/sec 

oE v e l o c i t y  i n  ach iev ing  an  o r b i t  about  T i t a n .  The T i t a n  o r b i t e r  c a n  

t h e n  observe t h e  s a t e l l i t e  w i t h  advanced v i s u a l ,  r a d a r ,  I K  and UV s e n s o r s  

t o  s t u d y  topography, s u r f a c e  composit ion,  aeronomy and sur face /a tmospher ic  

i n t e r a c t i o n s .  F igure  10 shows a  c o n f i g u r a t i o n  f o r  an advanced remote 

s e n s i n g  o r b i t e r  f o r  T i tan .  

C . PENETRATOR AND ATOMSPIIEliIC PROBE FOR TITAN (PEN1:"rROBE) 

The Penetrobc c o n f i g u r a t i o n  combines t h C  i c n t u r c s  of a n  atmosphere 

s e n s i n g  e n t r y  probe and a  s u r f a c e  p e n c t r a t o r  and can adap t  t o  t h e  wide 

range of d e n s i t i e s  r e p r c s c n t c d  by tllc t h i c k ,  nominal and t h i n  atmosphere 

models. Figure  11 shows t h e  c o n f i g u r a t i o n  and i n d i c a t e s  how t h e  s u r f a c e  

p e n e t r a t o r  i s  i n t c g r a t c d  i n t o  t h e  probe body and s e p a r a t e d  d u r i n g  t h e  

descen t  a t  a  time determined by t h e  atmospheric d e n s i t y  a c t u a l l y  

encountered.  

I f  t h e  Penetrobe scnses  t h e  t h i n  T i t a n  atmosphere i t  w i l l  s e p a r a t e  

t h e  p e n e t r a t o r  h i g h  i n  t h e  dcsccn t  p a t h  tliereby reducing t h e  b a l l i s t i c  

c o e f f i c i e n t  of t h e  probe and s lowing i t s  descen t .  I f  t h e  t h i c k  atmo- 

sphere  i s  encountered the  p c n e t r a t o r  w i l l  remain wi th  t h e  probc t o  

qu icken  i t s  descen t  and w i l l  be f i r e d  i n t o  t h e  s u r f a c e  wi th  s o l i d  

p ropu ls ion  motors t o  achieve adequate  p e n e t r a t i o n  depth.  Such an  a d a p t i v e  

dev ice  a s  t h i s  could  be flown i n  an  e a r l y  miss ion  t o  T i t a n  t o  r e t u r n  

h igh  p r i o r i t y  atmosphere and s u r f a c e  s c i e n c e  d a t a  be fore  the  u n c e r t a i n t i e s  

i n  t h e  T i t a n  environment a r e  r e s o l v e d .  

D . TECHNOLOGY ADVANCEMZNTS FOR TITAN EXPLORATION 

The examination of t h e  t r i a l  ~ r ~ i s s i o n  des igns  Tor T i t a n  e x p l o r a t i o n  

t h a t  were developed e a r l y  i n  t h i s  s t u d y  revealccl many a r e a s  where new 

technology could  e i t h e r  enab le  a  problem t o  be solved or  could  enhance 

t h e  performance o f  t h e  miss ion .  A s  t h e  r e s u l t  of  these  examinat ions ,  
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approximately twenty new technology app l i ca t ions  were developed. Some 

can be appl ied  t o  the TOPL, ARSO or Penetrobe concepts,  some have more 

universa l  app l i ca t ion  t o  a wide range of advanced spacec ra f t  missions. 

Figure 12 and 13 show a sample of the new technology ideas produced i n  

the study t h a t  a r e  descr ibed i n  the second volume o f ' t h i s  repor t .  



--C 
Laser Pulse 

--.+------ 

Laser/~pectrometer Analyzer 

fmager "Learns" 
Where Horizon Is 

Seismic Activity 

Typical Adaptive Science Decisions 

Motor and 

Alternate 

Jettisoned 

Atmosphere Sampling From Orbit Tractor Braking for Surface Landers 

Fig. 12 Typical Advanced Technology Concepts 

2 7 



Penetrators 

! 

Atmospheric Methane 

Dual Penetrator Configuration Methane Powered Turbine for High Peak Power 

Terminel Deacent Velocity 
for Various Atmqspheres 

Vertical Velocity 

Science and 
Engineering 

-- 
i 

FixedDV Landing System Concept "Hot Atmosphere" Balloon Concept 

Fig. 13 Typical Advanced Technology Concepts 

2 8 



V. STUDY CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK 

The r e s u l t s  of t h i s  s tudy poin t  up c l e a r l y  the problems we w i l l  

f ace  i f  we attempt t o  approach the  explora t ion  of Ti tan  i n  the same 

manner t h a t  we have undertaken the examination of the moon or Mars. For 

example, the four missions t o  Mars (Mariner 64, ,69, 71 and Viking '75) 

t h a t  were required before we could inves t iga t e  the  organic chemistry 

and biology on the sur face  of the p l ane t ,  took approximately 12 years  

t o  perform. To follow the same mission evolut ion a t  T i t an  would take 

a t  l e a s t  30 years .  Furthermore, the  u n c e r t a i n t i e s  about the atmosphere 

and sur face  of T i t an  a r e  g r e a t e r  now than were our unknowns about Mars 

i n  1964. Therefore,  i f  we a r e  to  proceed wi th  the explora t ion  of T i t an  

i n  t h i s  generat ion,  new s t r a t e g i e s  and new technologica l  approaches w i l l  

be required.  

Three mission modes f o r  T i t an  explora t ion  were i d e n t i f i e d  during the 

s tudy any of which could be employed i n  a  f i r s t  mission. I f  the  enthusiasm 

among p lane tary  s c i e n t i s t s  f o r  i nves t iga t ing  the  organic chemistry a t  

T i t an  i s  sus ta ined  or  increases ,  then  the TOPL mission mode should be 

given high p r i o r i t y  f o r  an e a r l y  f l i g h t .  TOPL allows the widest  range 

of sc ience  experiments t o  be c a r r i e d  out  from o r b i t ,  i n  the  atmosphere 

and on the sur face  wi th  only a  modest commitment i n  terms of spacec ra f t  

cos t  and complexity. 

I f  p lane tary  s c i e n t i s t s  a r e  w i l l i n g  t o  de lay  the performance of the 

more soph i s t i ca t ed  sur face  science experiments, then the  Penetrobe concept 

may be the p re fe r r ed  choice f o r  the  f i r s t  mission. The Penetrobe can  

adapt t o  a  wide spread i n  atmospheric dens i ty  while  conducting atmospheric 

and rudimentary sur face  science.  

An advanced remote sensing o r b i t e r  would be the  most conservat ive 

f i r s t  mission t o  T i t a n  but  depending on the s o p h i s t i c a t i o n  of the sensor  

system, could meet many of the  high p r i o r i t y  sc ience  objec t ives .  

It i s  recommended t h a t  a l l  th ree  mission modes be s tudied  i n  more 

d e t a i l .  The TOPL deserves add i t i ona l  examination because i t  o f f e r s  some 

very a t t r a c t i v e  advantages under t he  unique condi t ions  a t  Ti tan.  



The Penetrobe can be derived from the outer  p l ane t s  probe and the  Mars 

pene t r a to r  technology bases b u t  the s p e c i a l  adapt ive f ea tu re s  t h a t  

allow it t o  handle the T i t an  u n c e r t a i n t i e s  need fu r the r  study. 

O f  the  spec i a l i zed  technology advancements i d e n t i f i e d  i n  t he  s tudy 

a s  p o t e n t i a l l y  valuable  for  T i t an  explorat ion,  s eve ra l  warrant p a r t i c u l a r  

a t t en t ion .  The seve ra l  concepts fo r  bal loon deployment from descending 

o r  landed vehic les  t o  extend t h e  sc ience  da ta  ga ther ing  c a p a b i l i t i e s  have 

app l i ca t ion  i n  outer  p l ane t  and Venus missions a s  wel l  a s  i n  T i t an  

explorat ion.  The t r a c t o r  braking and preprogrammed &braking ideas f o r  

small ,  low-cost landings on s o l i d  bodies a l s o  o f f e r  p o t e n t i a l  app l i ca t ions  

t o  o ther  missions such a s  those t o  Mercury, the  moon, Mars, Phobos, Deimos 

and the ou te r  p l ane t  s a t e l l i t e s .  

The whole f i e l d  of adapt ive con t ro l s  and on-board decision-making 

holds g r e a t  promise f o r  fu tu re  p lane tary  explorat ion.  The new technology 

ideas involving adapt ive descent  con t ro l  fo r  probes, pene t ra tors  and 

landers ,  on-board sc ience  decis ions,  and adapt ive thermal con t ro l ,  

developed i n  t h i s  s tudy,  a r e  t y p i c a l  of t h i s  new wave of technology. 

The explora t ion  of the outer  p l ane t  s a t e l l i t e s ,  and i n  p a r t i c u l a r  

Ti tan,  beckons a s  an e x c i t i n g  and mysterious f r o n t i e r .  Through the  

imaginative app l i ca t ion  of today's knowledge we can fash ion  the new 

too l s  and techniques t h a t  w i l l  allow us t o  explore t h a t  f r o n t i e r .  




