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Dear Mr. Chairman: 

You asked u s  t o  a s s e s s  t h e  c o s t ,  s chedu le ,  performance, and 
s t a t u s  of t h e  Na t iona l  Aeronau t i c s  and Space 
A d m i n i s t r a t i o n ' s  (NASA's) 

-- G a l i l e o  miss ion  t o  J u p i t e r ;  

-- Ulysses miss ion  t o  t h e  sun ,  a  j o i ~  , p r o j e c t  w i t h  .the 
European Space Agency; 

-- Magellan miss ion  t o  Venus; and 

-- Mars Observer miss ion .  

T h i s  r e p o r t  p r o v i d e s  t h e  reques ted  informat ion  on t h e  
S a l i l e o  miss ion  t o  J u p i t e r .  W e  a r e  i s s u i n g  s e p a r a t e  
r e p o r t s 1  on  t h e  ot!ler deep  space  miss ions .  In a d d i t i o n ,  t h e  
o v e r a l l  r e s u l t s  of our  work, i n c l u d i n g  t h e  c a u s e s  and 
impacts  of d e l a y s  and o t h e r  i s s u e s  r e l a t e d  t o  t h e  p r o j e c t s ,  
a r e  d i scussed  i n  our r e p o r t ,  Space Explora t ion:  NASA% Deep 
Space Missions Are Rxperlencing Long Delays (GAO/NSIAD-88- 
128BR, May 27, 1988).  

T h e  o b j e c t i v e s  of t h e  G a l i l e o  miss ion  a r e  t o  i n v e s t i g a t e  t h e  
chemical  composi t ion and p h y s i c a l  s t a t e  of J u p i t e r ' s  
atmosphere and s a t e l l i t e s  and t o  s t u d y  t h e  s t r u c t u r e  and 

ost. Schedule.  ar ' space Explora t ion:  C . _ ~ d  Performance of 
NASA's V l y ~ s e s  Mission t o  t h e  sunp (&AO/NSIAD-88-1 29FS, 
Mav 27, 198E- . and I1 : S ~ a c e  E x ~ l o r a t i o n  : Cost.  Schedule - - -  

GAO/NS IAD- 
, Schedule,  
GAO/NS IAD- 

88-137PS, May 2 7 ,  1988).  



p h y s i c a l  dynamics  o f  J u p i t e r ' s  m a g n e t o s p h e r e ,  t h a t  is, i t s  
m a g n e t i c  f i e l d .  A t  t h e  s t a r t  o f  t h e  p r o j e c t  i n  f i s c a l  y e a r  
1978 ,  NASA e s t i m a t e d  i t s  t o t a l  c o s t  a t  $410.1 m i l l i o n .  
However, i n  O c t o b e r  1987,  t h ?  c o s t  estimate was $1,362.5  
m i l l i o n ,  a n  i n c r e a s e  o f  $952.4 m i l l i o n .  The i n c r e a s e  i n  t h e  
c o s t  estimate was primarily d u e  t~ S h u t t l e  l a u n c h  d e l a y s ,  
c h a n g e s  t o  t h e  u p p e r  s t a g e ,  which  p r o v i d e s  t h e  p r o p u l s i o ~  
f o r  i n t e r p l a n e t a r y  t r a j e c t o r y ,  a n d  t h e  C h a l l e n g e r  a c c i d e n t .  

The l a u n c h  d a t e ,  o r i g i n a l l y  s c h e d u l e d  f o r  J a n u a r y  1982 ,  h a s  
b e e n  d e l a y e d  b y  o v e r  7  y e a r s ;  t h e  c u r r e n t  l a u n c h  d a t e  is  set 
f o r  O c t o b e r  1989. The e n d  o f  t h e  m i s s i o n ,  i n i t i a l l y  set f o r  
1987,  w i l l  b e  d e l a y e d  by  a n  e s t i m a t e d  10 y e a r s ,  u n t i l  1997. 
Under p r e v i o u s  l a u n c h  s c h e d u l e s ,  t h e  s h o r t e s t  c r c i s e  t i m e - -  
t h e  amount o f  t i m e  it would t a k e  a s p a c e c r a f t  t o  r e a c h  i t s  
d e s t i n a t i u c - - t o  J u p i t e r  was 26 mont!:;; now, under  t h e  
c u r r e n t  l a u n c h  s c h e d u l e ,  t h e  c r u i s e  time t o  J u p i t e r  w i l l  be 
72 months ,  a n  i n c r e a s e  o f  a l m o s t  4 y e a r s .  

A c c o r d i n g  t o  p r o j e c t  s t a f f ,  t h i s  m i s s i o n  is e x p e c t e d  t o  
e x c e e d  i t s  i n i t i a l  o b j e c t i v e s .  The l a u n c h  d e l a y s  a n d  t h e  
e x t e n d e d  c r u i s e  t i m e  h a v e  a l l o w e d  NASA t o  expand  t h e  s c o p e  
of t h e  s c i e n t i f i c  i n v e s t i g a t i o n s  a n d  c o  add o r  e n h a n c e  
s c i e n t i f i c  i n s t r u m e n t s .  

A s  r e q u e s t e d ,  w e  d i d  n o t  o b t a i n  o f f i c i a l  a g e n c y  comments.  
However, w e  d i s c u s s e d  t h i s  r e p o r t  w i t h  NASA a n d  J e t  
P r o p u l s i o n  L a b o r a t o r y  o f f i c i a l s ,  a n d  t h e y  a g r e e d  w i t h  t h e  
f a c t s  as  p r e s e n t e d .  The o b j e c t i v e s ,  s c o p e ,  and  methodo logy  
of  o u r  work a r e  d i s c u s s e d  i n  a p p e n d i x  I. A g l o s s a r y  o f  
t e c h n i c a l  t e r m s  f o l l o w s  t h e  p r o j e c t  c h r o n o l o g y  i n  a p p e n d i x  
11. 

U n l e s s  you p u b l i c l y  announce  i t s  c o r i t e n t s  e a r l i e r ,  w e  p l a n  
no f u r t h e r  d i s t r i b u t i o n  o f  t h i s  r e p o r t  u n t i l  10 d a y s  f r o m  
its i s s u e  d a t e .  A t  t h a t  time, c o p i e s  w i l l  be s e n t  t o  o t h e r  
i n t e r e s t e d  p a r t i e s  upon r e q u e s t .  

I f  we c a n  b e  o f  f u r t h e r  a s s i s t a n c e ,  p l e a s e  c o c t a c t  m e  on  
275-4268. 

S i n c e r e l y  y o u r s ,  

H a r r y  R. F i n l e y  
S e n i o r  A s s o c i a t e  D i r e c t o r  
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ABBREVIATIONS 

Delta VEGA Delta Velocity-Earth-sravity-~ssist trajectory 
I US Inertial Upper Stage 
JPL Jet Propulsion Laboratory 
MOIir DA Mission operations and data analysis 
NASA National Aeronautics and Space Administration 
RTG Radioisotope Thermoelectric Generatcr 
VEEGA Venus-Earth-Earth-Gravity-Assist trajectory 
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GALILEO MISSION TO JUPITER 

APPENDIX I 

The Galileo mission to Jupiter is a scientific descendant of the 
successful Voyager fly-by missions to Jupiter and its moons. 
The Galileo project started in fiscal year 1978, and its launch 
was initially scheduled for 1982.  Its launch is now scheduled 
for 1989.  

The primary objectives of this mission are to investigate the 
chemical composition and physical state of Jupiter's atmosphere 
and satellites and to study the structure and dynamics of the 
Jupiter's magnetosphere (i.e., its magnetic field). According to 
the National Aeronautics and Space Administration (NASA), the 
unique combination of capabilities provided by the Galileo 
orbiter and its atmosphere probe is intended to ~xtend our 
knowledge greatly about the evolution of planetary systems. The 
orbiter will provide 22 months of orbital operations that will 
map Jupiter's surface and its magnetosphere and will investigate 
its four closest satellites. 

This mission 1 s  the first plannsd outer   la net* mission to 
-- perform a detailed observation of Jupiter's system; 
-- send an orbiter around an outer planet and a probe into the 

atmosph2re of an outer planet; and 

-- use a duzl-spin spacecraft (a spacecraft with one spinning 
section and one nonspinning section) and a complex Venus- 
Earth-Earth-Gravicy-Assist (V3EGA) trajectory iwhich uses one 
fly-by3 of Venus and two fly-bys of earth becore heading for 
Jupiter), to compensate for the lack of a high-energy upper 
stage, which is used to propel a spacecraft into orbit. 

The VEEGA trajectory extends the spacecraft cruise tire from 26 
to 72 months, thus increasing mission risk and operations cost. 
This trajectory will expose the orbiter to high temperatures 
during the Venus fly-by and thus will increase the possibility of 
thermal damage. The extended crluise time increases the 
spacecraft's exposure to radiation, micrometeorite impacts, and 
haraware failure due to aging. 

2 ~ h e  outer planets are Jupiter, Saturn, Uranus, Neptune and 
Pluto. 

3~ fly-by is an interplanetary missioa in which a spacecraft 
passes close to a planet but does not impact it or go into orbit 
around it. 
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The spacecraft is scheduled to carry 19 instruments/ 
investiqations, 12 ky the orbiter and 7 by the probe, These 
instruments/investigations are listed below with the country 
supplying the equigment. 8, brief explanation of each of these 
i n s t r ~ ~ m e n c s / i n v e s t i g a t i o n s  can be found in the glossary. 

Orbiter Instruments/Investigations Supplied by 

Magnetometer 
F l  asma detector 
Enerletic particle detector 

Plasma wave spectrometer 
Dust detection instrument 
Celestial mechar:ics 
Radio propagatil~n 
Sol- id state imaging 
Ultraviolet spectrometer 
Near infrared mapping spectrometer 
Photopolari~eter radiometer 
Extreme ultraviolet spectrmeter 

United States 
United States 
United States/ 
West Germany 

United States 
West Germany 
United States 
United States 
United States 
United States 
United States 
United States 
United States 

Probe Instruments/I~vestigations - 
Atmosphere structur? instrument United States 
Neutral mass spectrometer United States 
Helium abundance interferometer West Germany 
Nephelometcr United States 
Net flux radiometer United States 
Lightning and radio emission instrument West Germany 
Energetic particle detector West (33 rmany 

This poject has 15 principal investigators and 13 scientists for 
interdisciplinary investigation,. 

According to the Jet Propulsion Laboratory (JPL), NASA's primary 
contractor for the mission, the launch delays and extended 
mission cruise time allowed them the opportunity to plan for 
expanding the scope of Galilee's scientific investigations and to 
add or snhance scientific instruments. Expanded mission 
opportunities include an asteroid encounter, an investigation of 
clouds and lightning on Venus, a study of the recently re orted 
"1 astronomical unit hydrogen shell" surrounding the sun, $ 
observations of the earth's extended geotail and antitail, and 

4 ~ h e  hypothetical hydrogen shell located at the distance of 1 
astroncmical unit ( 1 5 0  million kilometers or 93 million miles 
from the sun) is thought to be created by the evaporation of 
small, unseen comets, 
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o b s e r v a t i o n s  of t h e  l u n a r  f a r s i d e ,  Mare O r i e n t a l e ,  and l u n a r  
p o l a r  r e?  i o n s .  

The d e l a y s  i n  t h i ~  p r o j e c t  r e q u i r e d  JPL p r o j e c t  s t a f f  t o  2 s v e l o p  
s e v e r a l  t r a j e c t o r y  o p t i o n s .  They a r e  

-- an i n i t i a l  d i r e c t  b a l l i s t i c  t r a j e c t o r y  us ing  NASA's t h r e e -  
s t a g e  I n e r t i a l  U p ~ e r  S t a g e  { I U S ) ,  

-- a  Mars G r a v i t y  A s s i s t  t r a j e c t o r y  f o r  t h e  combined 1982 l a u n c h  
( t h e  s p a c e c r a f t  and t h e  p robe  l aunched  t o g e t h e r ) ,  

-- a  Mars G r a v i t y  A s s i s t  t r a j e c t o r y  f o r  t h e  1984 s e p a r a t e  l a u n c h  
of t h e  o r b i t e r  and a d i r e c t  b a l l i s t i c  t r a j e c t o r y  f o r  t h e  
p r o b e ,  

-- a  D e l t a  ~elocity-earth-gravity-assist (Delta VEGA) t r a j e c t o r y  
f o r  the combined August 1385 l a ~ n c h ,  

-- a  d i r e c t  b a l l i s L i c  t r a j e c t o r y  f o r  t h e  combined 1986 l a u n c h ,  
and 

-- a  VEEGA t r a j e c t o r y  f o r  t h e  combined 1989 launch .  

These t r a j e c t o r i e s  a r e  d e s c r i b e d  i n  t h e  g l o s s a r y .  

At t h e  beg inn ing  of t h e  p r o j e c t  i n  1978, NASA was p l a n n i n g  t o  
l a u n c h  t h e  s p a c e c r a f t  G a l i l e o  i n  J a n u a r y  1982 on a  d i r e c t  
b a l l i ~ ~ t i c  t r a j e c t o r y  us ing  NASA's t h r e e - s t a g e  IUS. H o w e ~ e r ,  
S h u t t l e  and IUS l a c n c h  per formance  l i m i t a t i o n s  and growth  i n  t h e  
weight  o f  t h e  s p a c e c r a f t s  r e ~ u i r e d  NASA t o  i n c o r p o r a t e  a Mars 
f l y - b y  t c  o b t a i n  g r a v i t y  a s s i s t  energy--which g i v e s  t h e  
s p a c e c r a f t  s u f f i c i e n t  added v e l o c i t y  b y  a iming  it toward a p l a n e t  
t o  u se  t h e  p l a n e t ' s  f r e e  g r a v i t a t i o n a l  p u l l - - t o  r each  ~ u p i t e r .  

Due t o  S h u t t l e  l aunch  d e l a y s ,  NASA had t o  pos tpone  t h e  1952 
l a u n c h  d a t e  t o  1984. T h i s  r e s u l t e d  i n  a less  f a v o r a b l e  l a u n c h  
o p p o r t u n i t y ;  t h e r e f o r e ,  NASA s p l i t  t h e  m i s s i o n  i n t o  two s e p a r a t e  
l a u n c h e s .  The o r b i t e r ,  augmented by  an  a u x i l i a r y  upper  s t a g e ,  
was t~ be  launched  on a Mars g r a v i t y  a s s i s t  trajectory, and t h e  
probe  was t o  be launched  on a  d i r e c t  b a l l i s t i c  t r a j e c t o r y .  The 
c r u i s e  times f o r  t h e  o r b i t e r  and probe  were e s t i m a t e d  a t  28 and 
40 months,  r e s p x t i v e l y .  

In  1981, a s  a  r e s u l t  of  c o s t  i n c r e a s e s  i n  t h e  t h r e e - s t a g e  IUS 
program, NASA r e p l a c e d  t h e  IUS w i t h  t h e  more powerful  Centaur  
upper s t a g e ,  W i t h  t h e  C e n t a u r ,  NASA c o u l d  once  a g a i n  p l a n  t o  
l aunch  t h e  o r b i t e r  and t h e  probe  as a s i n g l e  payload on a d i r e c t  
b a l l i s t i c  t r a j e c t o r y .  
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I n  e a r l y  1982, NASA c a n c e l e d  t h e  Cent-aur upper  s t a g e  f o r  t h e  
S h u t t l e  because  of f i s c a l  y e a r  1981 b u d g e t a r y  problems and 
repleiced it wi th  a  two-s tage  IUS w i t h  a n  i n j e c t i o n  module. S i n c e  
t h i s  w a s  s less powerful  upper s t a g e  t h a n  t h e  t h r e e - s t a g e  IUS and  
t h e  C e n t a u r ,  a  new D e l t a  VEGA t r a j e c t o r y  was proposed w i t h  a 
c r u i s e  ti7ne of 52 months. 

When t h e  Congress  d i r e c t e d  NASA t o  use  t h e  Centaur  upper s t a g e  
i n  l a t e  1982, a d i r e c t  b a l l i s t i c  t r a j e c t o r y  w i t h  a  c r u i s e  t i m e  of 
o n l y  28 months was a g a i n  p o s s i b l e .  However, a f t e r  t h e  
C h a l l e n  e r  a c c i d e n t  i n  J a n u a r y  1986, NASA c a n c e l e d  t h e  Centaur  
d u t t l e  because  of  s a f e t y  c o n c e r n s  abou t  c a r r v i n q  l i q u i d  .. - 
f u e l  i n  t h e  s h u t t l e  c a r g o  bay.  NASA h a s  s i n c e  s e l e c t e d  a  s o i i d -  
f u e l  two- s t age  IUS, a  less  power fu l  b u t  s a f e r  o p t i o n ,  t h a t  w i l l  
b e  l aunched  on a  VEEGA t r a j e c t o r y  w i t h  a  c r u i s e  t i m e  of 72 
months. 

OBJECTIVES, SCOPE, AND METHODOLOGY 

Our o b j e c t i v e s  were t o  d e s c r i b e  t h i s  m i s s i o n  and t o  o b t a i n  
i n f o r m a t i o n  on c o s t ,  s c h e d u l e ,  and per formance ,  i n c l u d i n g  a  yea r -  
by-year a n a l y s i s  of p r o j e c t  c o s t  i n c r e a s e s .  To accompl i sh  t h e s e  
o b j e c t i v e s ,  w e  i n t e rv i ewed  NASA and  J P L  program and p r o j e c t  
managers r e s p o n s i b l e  f o r  t h e  m i s s i o n ' s  d e s i g n ,  development ,  and 
management. We a l s o  reviewed p r o j e c t  p l a n n i n g  and budget  
documents ,  a r t i c l e s  i n  s c i e n t i f i c  j o u r n a l s ,  and r e p o r t s  i n  
t e c h n i c a l  and t r a d e  p e r i o d i c a l s .  To p r e p a r e  a  year - to-year  
a n a l y s i s  of  c o s t  i n c r e a s e s  f o r  t h i s  m i s s i o n ,  w e  i d e n t i f i e d  t h e  
a n n u a l  c o s t  i n c r e a s e s  and d i s c u s s e d  t h e i r  major causes w i t h  
p r o j e c t  managers.  

Our work was performed a t  NASA H e a d q u a r t e r s  i n  Washington, D.C, 
and a t  JPL i n  Pasadena,  C a l i f o r n i a .  A more d e t a i l e d  d e s c r i p t i o n  
of our  o b j e c t i v e s ,  s cope ,  and methodology is c o n t ? i n e d  i n  
appendix  I of  our  r e p r t ,  Space E x p l o r a t i o n :  NASA's Deep Space  
Miss ions  Are Expe r i enc ing  Long Delays (GAO/NSIAD-88-128BR, 
May 27, 1988) .  

SPACECRAFT CONFIGURATION 

According t o  JPL o f f i c i a l s ,  t h e  G a l i l e o  o r b i t e r  is t h e  most 
complex s p a c e c r a f t  t h a t  JPL h a s  e v e r  deve loped .  I t  i s  a "dua l -  
s p i n "  s p a c e c r a f t  c o n s i s t i n g  o f  a  s p i n n i n g  ( s p u n )  and n o n s p i n n i s y  
( d e s p u n )  s e c t i o n s .  The spun s e c t i o n  of t h e  o r b i t e r  i s  d e s i g n e d  
t o  a l l o w  i n s t r u m e n t s  t o  measure  e l e c t r o m a g n e t i c  f i e l d s  and 
p a r t i c l e s  i n  s p a c e ,  and t h e  despun  s e c t i o n  p r o v i d e s  a s t a b l e  
p l a t f o r m  f o r  cameras  and o t h e r  remote s e n s i n g  i n s t r u m e n t s  f o r  
making o b s e r v a t i o n s  of  p o i n t s  on i h e  p l a n e t ' s  s u r f a c e .  The two 
s e c t i o n s  a r e  connec ted  by a  s p i n  b e a r i n g  assembly ,  which 
m e c h a n i c a l l y  c o u p l e s  t h e  two p a r t s  of t h e  o r b i t e r  and t r a n s f e r s  
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electr ical  s i g n a l s .  The despun  s e c t i o n  of t h e  o r b i t e r  a l s o  
c a r r i e s  t h e  p robe ,  which is  d e s i g n e d  t o  sample  J u p i t e r ' s  
a tmosphere .  The s p a c e c r a f t  o p e r a t i o n a l  c o n f i g u r a t i o n  and  i t s  
major  components a r e  shown i n  f i g u r e  I. 1. 

The o r b i t e r  w i l l  r e l e a s e  an a p p r o x i m a t e l y  750-pound acorn-shaped  
p robe  t h a t  w i l l  e n t e r  J u p i t e r ' s  a tmosphe re  a t  n e a r l y  100,000 
miles p e r  hour ,  t h e  f a s t e s t  a t m o s p h e r i c  e n t r y  e v e r  a t t e m p t e d .  
The p robe  is des igned  t o  have i t s  d e s c e n t  checked by a  p a r a c h u t e ,  
and t o  s low t o  abou t  2,000 miles p e r  hour  w h i l e  l o s i n g  a b o u t  one- 
h a l f  o f  i t s  mass th rough a b l a t i o n  of  i t s  h e a t  s h i e l d .  During its 
d e s c e n t ,  t h e  probe w i l l  sample J u p i t e r ' s  a tmosphere  and r e l a y  
d a t a  t o  t h e  o r b i t e r  p a s s i n g  ove rhead .  The i x r e a s i n g  t e m p e r a t u r e  
and p r e s s u r e  a r e  expec ted  t o  d e s t r o y  t h e  p robe  a f t e r  a b o u t  1 hour  
when it w i l l  be  130 k i l o m e t e r s  below J u p i e e r ' s  c loud  c o v e r .  

The o r b i t e r  is powered by two R a d i o i s o t o p e  T h e r m o e l e c t r i c  
G e n e r a t o r s  iRTGs)--an e l e c t r i c a l  power g e n e r a t o r  c o n s i s t i n g  of a  
h e a t  s o u r c e  and a system f o r  t h e  c o n v e r s i o n  of  h e a t  t o  
e l e c t r i c i t y - - d e v e l o p e d  by t h e  U . S .  Department  of Energy; t h e  
probe  is powered by a  b a t t e r y .  The s p a c e c r a f t  recro-propulsion 
sys t em,  which is  used f o r  o r i e n t i n g  t h e  s p a c e c r a f t  a t t i t u d e  and  
f o r  t r a j e c t o r y  c o r r e c t i o n  r taneuver ing ,  was deve loped  by  West 
Germany. 

F i g u r e  1 .1  shows r e c e n t  m o d i f i c a t i o n s  t o  t h e  o r b i t e r ,  i n c l u d i n g  
s o l a r  s h i e l d s  and r e f l e c t o r s  f o r  h e a t - s e n s i t i v e  components (see 
t h e  t o p  v i e w ) .  The s p a c e c r a f t  was o r i g i n a l l y  des igned  t o  o p e r a t e  
between 1 and 5 a s t r o n o m i c a l  u n i t s  from t h e  sun .  The new VEEGA 
t r a j e c t o r y  w i l l  b r i n g  t h e  s p a c e c r a f t  a s  c l o s e  as 0.59 
a s t r o n o m i c a l  u n i t s  from t h e  s u n ,  which w i l l  expose  it t o  s o l a r  
i n t e n s i t y  n e a r l y  t h r e e  times t h a t  of t h e  e a r t h .  Thermal 
p r o t e c t i o n  f o r  t h e  h e a t - s e x s i t i v e  hardware  i n c l u d e s  s h i e l d i n g  t h e  
s p a c e c r a f t  b u s ,  i n s t r u m e n t s ,  and magnetometer boom w i t h  h igh-  
t e m p e r a t u r e - r e s i s t a n t  t h e r m a l  b l a n k e t s .  
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Figure I. 1 : Spacecraft Configuration 
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COST - 
A t  the start of this project in 1978, NASA had estimated the 
total cost of the mission to be $410.1 million--$271.3 million 
for development and $:38.8 million for mission operations and 
data analysis (MOLDA). By October 1987, the cost estimate had 
increased by $952.4 aillion to $1,362.5 million--$878.3 million 
for development and $484.2 million for MO&DA. This increase is 
primarily due to Shuttle launch delays, changes in the upper 
stage, and mission changes resulting froin the Challenger 
accidr -.L. The cost increases between fiscal vear 1978 and 
October 19~\7 estimates are shown in figure 1 .2  and table 1.1. 

Table I. 1 : Cumulative Costs by Fiscal Year for Development and 
MOhDA Under Fiscal Year 1978 and October 1987 Estimates 

1978 estimate October 1987 estimate - 
FY - Development MOGDA Total Dev?lopment MOhDA -- Total 

aThese are actual cumulatrve costs. 
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Figure 1.2: Development and HO&DA Costs 

APPENDIX I 

CUMULATXVE COSTS 

CURVE A - INITIAL FISCAL YEAR 19'18 ESTIMATE 

CURVE B - OCTOBER 1987 ESTIMATE 

The annual increase i n  t he  p ro jec t  c o s t  es t imates  a r e  shown i n  
t a b l e  1 .2 .  The pro jec t  cos t s  a r e  estimated a t  l e a s t  twice each 
year by NASA and represent an est imate of t o t a l  pro lec t  c o s t  
through campletion. 
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Table 1 . 2 :  Annual P r o j e c t  Cost  Es t ima te  Growth 

E s t  j mated Annual 
F i s c a l  p r o j e c t  c o s t  

year  ccsts i n c r e a s e  
- . ~ o o  omitted)---- 

S ince  f i s - a 1  year  1978, t h e  t o t a l  p r o j e c t  c o s t s  e s t i m a t e  h a s  
i n c r e a s e d  by an average  of $106 m i l l i o n  a n n u a l l y .  

I n  f i s c a l  year  1979, t h e  e s t i m a t e  i n c r e a s e d  $35.9 m i l l i o n  t o  
$446 million--S20.9 m i l l i o n  f o r  development and $15.0 m i l l i o n  
f o r  MObDA. According t o  t h e  p r o j e c t  s t a f f ,  t h i s  i n c r e a s e  
r e f l e c t s  ad jus tments  made t o  i n i t i a l  e s t i m a t e s  based on a more 
d e t a i l e d  work breakdown s t r u c t u r e  t h a t  i d e n t i f i e d  a d d i t i o n a l  
c o s t s .  

Between f i s c a l  yeacs  1979 and 1980, NASA decided t o  s p l i t  t h e  
ccission and launch t h e  o r b i t e r  and probe a s  s e p a r a t e  S h u t t l e  
payloads  i n  1984. Thus, t h e  f i s c a l  year  1979 e s t i m a t e  of $446 
m i l l i o n  was inc reased  $177.8 m i l l i o n  t o  $623.8 m i l l i o n ,  $174.3 
m i l l i o n  f o r  development and $3.5 m i l l i o n  f o r  MO&DA. T h i s  
i n c r e a s e  was p r i m a r i l y  due t o  changes r e q u i r e d  by t h e  s p l i t  
miss ion ,  such a s  

-- m o d i f i c a t i o n  of t h e  o r b i t e r  t o  e l i m i n a t e  t h e  probe,  

-- d e s i g n  of a new s p a c e c r a f t  c a r r i e r  f o r  t h e  probe,  

-- d e s i g n  and development of a n  a u x i l i a r y  uppt r  s t a g e  f o r  t h e  
o r b i i e r ,  

-- i n t e g r a t i o n  of an IUS w i t h  t h e  probe ,  

-- a c q u i s i t i o n  of adc it i,onal f 1 i g h t  subsystems f o r  t h e  probe,  

-- m o d i f i c a t i o c  of t h e  o r b i t e r ' s  t r a j e c t o r y ,  and 
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-- development of a direct ballistic trajectory for the probe. 
The cost inctease was partly offset by estimated operational 
cost savings due to the shorter mission. The cost estimate 
increase is summarized in table I. 3. 

Table 1.3: Project Cost Increase for Fiscal Years 1979-80 

Changes or modifications 

Change in 
estimated 
cost 

(millions) 

Acquisition of additional spacecraf: to 
carry the prob2 $ 5 6 . 5  

, 9 8 4  launch and mission changes 105.9 
Mars fly-by module and adapter 
Thcrmal shielding 
Chc !lge cf RTGs 
hissiqn analysis 
Trajectory replanning 
Redesi.gn of mechanical devices 

Development of probe redundancy 7 - 0  
Development of software management plan for 
the Attitude and Articulation Control System 4 - 9  

Total development cost increase 174.3 

Split mission operations for carrier subsyst2m 2.5 
Inflation 22 .0  
Savings due to shorter mission - 2 1 . 0  

Total MOhDA cost increase 3.5 

Total 

The project cost increase from fiscal year 1980  to 1981 can be 
contributed primarily to NASA's decision to replace the three- 
stage IUS with the more powerful Centaur. The fiscal p a r  1980 
estimate of $623 .8  million was increased $38 .3  million to $662 .1  
million, $40 .8  million more for development and $2.5 million 
less for MB&DA. The cost increases were primarily due to 
modifications required by the changc from the three-scaye IUS to 
the Centaur, such as 

-- eliminating the completed, but no longer required, Mars 
fly-by module (auxiliary upper stage) developed for the 
orbiter, 
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-- recombining the orbiter and probe into a single spacecraft, 
and 

-- developing a new orbiter/Centaur interface and a new direct 
ballistic trajectory. 

The cost estimate change is summarized in table 1.4. 

Table 1.4: Project Cost Increase for Fiscal Years 1980-81 

Changes or modifications 

Change in 
estimated 
cost 

(milrions) 

Centaur 1985 launch modifications: 
Development of structure and adapter 

for the Centaur upper stage 
Thermal shielding 
Mission analysis 
Trajectory replanning 
Redesign of mechanical devices 
Launch vehicle integration/modifications 

RTG replacement 9 .1  
Inflation 10.0  
Cancellation of the separate probe spacecraft -56.5 
Savings due to shorter mission -10.0 - 

Total development cost increase 40-8 

Recombined mission (single launch) - 2 .5  - 
Total MOCDA cost decrease - 2.5 
Total 

The estimated project cost increase from fiscal year 1981 to 1982 
was caused by NASA's cancellation of Centacr development due to 
budget problems and its decision to launch the spacecraft on a 
Delta VEGA trajectory using a two-stage IUP and an injection 
module. The tiscal year 1981 estimate increased $167.6 million 
to $829.7 million, $45.6 million for development and $122 million 
for MO&DA. This increase was primarily due to the longer 
mission, as shown in table 1.5. 
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Table 1.5: Project Cost Increase for Fiscal Years 1981-82 

Change in 
estimated 

Changes or modifications cost 
(millions) 

Modifications for 1985 launch (replacement 
of the Centaur upper stage with IUS) using a 
Delta VEGA trajectory 
Development of IUS structure and adapter 
Thermal shielding 
Mission analysis 
Trajectory replanning 
Redesign of mechanical devices 
Lamch vehicle integration/modif ications 

Modification of IUS and development of 
an Injection Module for the orbiter 34.0  

Total development cost increase 45-6 

Increase in mission operations cost 
due to a longer mission 

Total MO&DA cost increase 122-0 

Total 

In late fiscal year 1982, the Congress directed NASA to use the 
Centaur upper stage on this mission. Replacing the two-stage IUS 
with Centaur caused some hardware and mission redesign, including 
a new orbiter/Centaur interface and a restart of Centaur-specific 
modifications terminated earlier, As a result, estimated project 
costs increased slightly in fiscal year 1983 by $3.8 million to 
$833.5  million, $98.6 million more for development and $94.8 
million less for MO&DA (see table 1.6)- 
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Table 1.6: Project Cost Increase for Fiscal Years 1982-83 

Change in 
estimated 

Changes or modifications cost 
(millions) 

Replacement of IUS with Centaur $131.4 
Development of Centaur and adapter 
Mission analysis 
Trajectory replanning 
Redesign of mechanical devices 
Analysis of new loads 
Launch vehicle integration/modjfications 
Cancellation of two-stage IUS and 

injection module - 32.8 - 
Total development cost increase 98.6 

Increase of mission operations cost after 
design review 

Inflation 
Decrease in mission operations cost 
due to a shorter mission 

Total MOtDA cost decrease - 94.8 

Total 

In fiscal year 1984, the project cost estimate increased by $10.6 
million to $844.1 million, $14.3 million more for dsvefopment 
and $3.7 million less for MO&DA. This increase was primarily due 
to the modifications of the spacecraft's electronic subsystems, 
as shown in table 1.7. 



APPENDIX I APPENDIX I 

Table 1.7: Project Cost Increase for Fiscal Z2ars 1983-84 

Change in 
estimated 

Changes - or modifications 

Hardening electronics against radiation 
Miscellaneous development adjustments 

cost 
(millions) 

Total development cost increase 14.3 

Miscellaneous MO&DA ad justtnents - 3.7 - 
Total MO&DA cost decrease - 3.7  

Total 

The project cost estimate increased in fiscal year 1985 by $37.7 
million to $881.8  million, $3.7 million for deveiopment and $34 
million for MO&DA. This increase was primarily due to rephasing 
a communications uplink 2nd correcting problems with computer 
memory chips and software. The required modifications and their 
estimated costs are shown in table 1.8. 

Table 1.8: Project Cost Increase for Fiscal Years 1964-85 

Change in 
estinated 

Chanues or modifications 

Payback to NASA 
Headquarters administrative costs 
Deferred development 

cost 
(millions 1 

Total development cost increase 3.7 

Memory chip and software rework 
Rephasing of comnunications uplink 
RTG development shortfall 

Total MOLDA cost increase 31.0 

Total 

The project cost estimate increased slightly in fiscal year 1986 
by $0.6 million to $882.4 million, $9.3  million more for 
development and $8.7 million less for MOCDA. The increase in 
the development estimate was to be used to carrect design 
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p r o b l e m s  d i s c o v e r e d  d u r j  ng t e s t i n g .  The MO&DA estimata d e c r e a s e  
was a r e s u l t  o f  v a r i o u s  o t h e r  a d j u s t m e n t s .  

The p r o j e c t  c o s t  estimate i n c r e a s e d  i n  f i s c a l  y e a r  1987 by  $480.1 
m i l l i o n  t o  $1.36 b i l l i o n ,  $199.6 m i l l i o n  f o r  d e v e l o p m e n t  a n d  
$280.5 m i l l i o n  f o r  MO&DA. T h i z  i n c r e a s e  was d u e  c o  t h e  
C h a l l e n  t r  a c c i d e n t  i n  J a n u a r y  1986,  which r e s u l t e d  i n  a b r o a d  + sa e t y  r e v i e w  of  t h e  S h u t t l e  p r o g r a m ,  i n c l u d i n g  t h e  e v a l u a t i o n  o f  
r i s k s  a s s o c i a t e d  w i t h  t h e  C e n t a ~ r .  U n l i k e  t h e  s o l i d - f u e l  IUS 
u n d e r  c o n s i d e r a t i o n  i n  t h e  ea r l i e r  s t a g e s  o f  t h i s  p r o j e c t ,  
C e n t a u r  e n g i n e s  a r e  powered b y  l i q u i d  f u e l s ,  i n c l u d i n g  oxygen,  
h y d r o g e n ,  a n d  h y d r a z i n e .  Because  of c o n c e r n s  a b o u t  t h e  s a f e t y  o f  
c a r r y i n g  l i q u i d  p r o p e l l a n t s  i n  t h e  S h u t t l e  c a r g o  b a y ,  NASA 
c a n c e l e d  t h e  C e n t a u r  a n d  r e t u r n e d  t o  t h e  s o l i d  p r o p e l l a n t  two- 
s t a g e  IUS. The C h a l l e n ~  a c c i d e n t  a n d  t h e  d e c i s i o n  t o  r e p l a c e  
t h e  C e n t a u r  w i t h  a n  IUS r e q u i r e d  many c h a n g e s  i n  b o t h  h a r d w a r e  
a n d  m i s s i o n  d e s i g n ,  whi :h i n c l u d e  

-- d e v e l o p i n g  a VEEGA t r a j e c t o r y  b e c a u s e  of t h e  low-energy  
p e r f o r m a n c e  o f  t h e  new IUS, 

-- r e p l a c i n g  a£ a g i n g  c o m p a n e n t s ,  

-- r e c o n f i g u r i n g  t h e  e lec t r ica l  s y s t e m  t o  c o m p e n s a t e  f o r  t h e  
r e d u c t i o n  ~f power p r o d u c e d  by  a n  a g i n g  RTG, 

-- d e s i g n i n g  a n d  d e v e l o p i n g  t h e r m a l  p r o t e c t i o n  f o r  t h e  
o r b i t e r  and  p r o b e ,  and 

-- i n c r e a s i n g  t h e  l e n g t h  a n d  c o s t  of m i s s i o n  o p e r a t i o n s  time. 

The c o s t  estimate i n c r e a s e  is  summarized i n  t a b l e  1.9. 



APPENDIX I APPENDIX I 

T a b l e  1.9: P r o j e c t  C o s t  I n c r e a s e  f o r  F i s c a l  Years 1986-87 

Change i n  
e s t i m a t e d  

Changes  o r  m o d i f i c a t i o n s  

Two-stage I U S  l a u n c h  i n  1989 on VEEGA 
t r a j e c t o r y .  M o d i f i c a t i o n s  i n c l u d e d  

P r o b e  a n d  o r b i t e r  s c i e n c e  
S p a c e c r a f t  s y s t e m  e n g i n e e r i n g  
E l e c t r o n i c  s u b s y s t e m s  
Rep lacement  of  o r b i t e r  s p a r e  g i v e n  

t o  Mage l lan  
P r o b e  e n g i n e e r i n g  a n d  o p e r a t i o n s  
Sys tem i n t e g r a t i o n  
M e c h a n i c a l  s u b s y s t e m s  
I n t e g r a t i o n  t e s t  p rogram 
N a v i g a t i o n  
F l i g h t  a n d  g r o u n d  s o f t w a r e  
M i s s i o n  o p e r a t i o n s  d e s i g n  
Sys tem tes t  s u p p o r t  
O c b i t e r  f l i g h t  o p e r a t i o n s  
P r o j e c t  management 

RTG s t o r a g e  
E x p l o s i o n  tests 
Memory r e b u i l d  
RTG s h i e l d i n g  
F i n a l  s a f e t y  a n a l y s i s  r e p o r t  
S h e l f  l i f e  a n d  a g i n g  s t u d i e s  

T o t a l  d e v e l o p m e n t  c o s t  i n c r e a s e  

Longer  m i s s i o n  o p e r a t i o n s  

T o t a l  MOCDA c o s t  i n c r e a s e  

T o t a l  

c o s t  
( m i l l i o n s )  

SCHEDULE 

The l a m c h  d a t e ,  o r i g i n a l l y  s c h e d u l e d  f o r  J a n u a r y  1982, h a s  been  
d e l a y e d  b y  o v e r  7  y e a r s ;  t h e  c u r r e n t  l a u n c h  d a t e  is se t  f o r  
O c t o b e r  1989. The end  f t h e  m i s s i o n ,  i n i t i a l l y  s e t  f o r  1987,  
w i l l  b e  d e l a y e d  by 10 y e a r s ,  u n t i l  1997.  The s h o r t e s t  c r u i s e  
time t o  J u p i t e r  ( u s i n g  t h e  C e n t a u r  upper  s t a g e )  was 26 months ;  
t h e  c u r r e n t  c r u i s e  t i m e  ( u s i n g  t w o - s t a g e  IUS) is 72 months ,  a n  
i n c r e a s e  of  a l m o s t  4 y e a r s .  
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Most of the delays in the pre-Challenger period (1978 to 1985) 
were due to Shuttle launch delays and four changes in the upper 
stage vehicle. Project delays after the Challenger accident 
have been due to the temporary suspension-of the Shuttle program 
and the lack of an alternative launch vehicle. The overall 
schedule delay and upper stage changes are summarized in 
table I. 10. 

Table 1.1-B: Schedule and Upper Stage Changes 

Estimate Increase 
Event Initial Oct. 1987 in years 

Project start 1978 
Launch 1982 
End of mission 1987 
Project duration (years) 9 

Launch 
type 

Upper 
stage 

vehicle 

Combined Planetary IUS 
Split Planetary IUS 
Combined Centaur 
Combined IUS with injection 

module 
Combined Centaur 
Combined I US 

Trajectory 

Direct 
Direct 
Direct 

Delta VEGA 
Direct 
VE EGA 

Year 
constructed 

PERFCRMANCE -- 
According to project staff, this mission is expected to achieve 
all its ~riginal objectives. In addition, because of the launch 
delays and the extended mission cruise time, NASA has been able 
to expand the scope of its scientific investigations and to add 
or enhance scientific instruments. Specifically, (1) a new Time- 
of-Flight sensor will be installed for the Energy Particle 
Detector provided by West Germany to improve the ion cemposition 
measurements and (2) an extreme ultraviolet sensor will be added 
t3 operate ai a spin-scan imager to enhance magnetospheric 
studies. (NASA will use a spare Voyager instrument to gather the 
information on ultraviolet emissi~ns.) 

Because of project delays, the aging of the spacecraft's hardware 
is a serious concern of JPL. Some of the components are reaching 
the end of their lifetime and have co be replaced. The aging 
effects include :ass of adhesion in conductive tapes, 
degradation of flexihiliLy i l l  elsctrical cables, corrosion of 
metal parts, and the fracturing of O-rings. The scope of the 
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metal parts, and the fracturing of O-rings. The scope of the 
replacement effort is extensive. For example, the orbiter's 
electrical systems contain nearly 25,000 feet of electrical 
cables and over 700 connectors. J P L  has addressed the hardware 
aging problems by conducting shelf-life and aging studies that 
include 

-- general review of subsystems, parts, and materials; 
-- identification of items of concern; 
-- investigations of light-emitting diodes (a device with low 

resistance to electric current in one direction and high 
resistance in reverse direction), critical components of the 
spin bearing assembly; and 

-- studies of the impact of electromigration on the orbiter's 
electronics. 

The spacecraft is powered by two 285-watt RTGs fueled by 
plutonium-238. Each 122-pound RTG carries about 24 pounds of 
plutonium oxide in the form of cylindrical pellets. Because 'he 
half-life of plutonium-238 is approximately 88 years, a 
significant portion of the fuel has decayed. Since the RTGs will 
produce less power, J P L  is implementing numerous power-reduction 
modifications to allow the spacecraft to function at reduced 
power levels without detrimental effects on the science 
objectives. 
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GALILEO PdOJECT CHRONOLGGY 

APPENDIX I1 

F Y  1978 NASA announces  t h e  s t a r t  of  t h e  G a l i l e o  p r o j e c t .  The 
m i s s i o n  is a fo l low-up  on t h e  f i r s t  f l y - b y  of J u p i t e r  

- - 

by P ionee r  10 and 11 a n d  t h e  e n c o u n t e r  by Voyager i n  
1979. 

The l a u n c h  i s  s c h e d u l e d  f o r  J a n u a r y  1982 us ing  t h e  
S h u t t l e  and NASA's t h r e e - s t a g e  IUS (known a l s o  as t h e  
P l a n e t a r y  IUS) on a d i r e c t  b ~ l l i s t i c  t r a j e c t o r y .  

NASA a d v i s e s  JPL t h a t  t h e  S h u t t l e ' s  pay load  l i m i t  and 
t h e  growth  i n  weight  of  t h e  o r b i t e r  and IUS w i l l  
r e q u i r e  a  new l a u n c h  t r a j e c t o r y .  

JPL d e v e l o p s  Mars G r a v i t y  A s s i s t  t r a j e c t o r y  t o  
compensate  f o r  t h e  payload  we igh t  l i m i t a t i o n s .  

F Y  1979 NASA a d v i s e s  JPL t h a t  t h e  Launch w i l l  b e  de l ayed  
because  of  t h e  d e i a y s  i n  t h e  S h u t t l e ' s  l a u n c h  s c h e d u l e .  
NASA d o e s  n o t  i d e n t i f y  a new l a u n c h  d a t e  a t  t h i s  t i m e .  

JPL e v a l u a t e s  a l t e r n a t i v e  l a u n c h  o p t i o n s .  

F Y  1980 I n  J a n u a r y  1980, NASA d e c i d e s  t o  s p l i t  t h e  mi s s ion  and 
t o  l a u n c h  t h e  o r b i t e r  and p robe  as s e p a r a t e  S h u t t l e  
pay loads .  

The l a u n c h  i s  s c h e d u l e d  f o r  e a r l y  1984. 

NASA d i s c o v e r s  t h a t  t h e  o r b i t e r  m u s t  b e  equipped w i t h  
an  a u x i l i a r y  upper s t a g e  b e c a u s e  t h e  l a u n c h  is 
schedu led  when t h e  e a r t h  and J u p i t e r  a r e  n o t  i n  a n  
o p t i m a l  p o s i t i o n .  

The o r b i t e r ,  augmented by  a n  a u x i l i a r y  upper  s t a g e ,  is 
schedu led  t o  be launched  on a  Mars G r a v i t y  A s s i s t  
t r a j e c t o r y  us ing  NASA's t h r e e - s t a g e  ICS. 

The probe  is schedu led  t o  b e  launched  on a d i r e c t  
b a l l i s t i c  t r a j e c t o r y  u s i n g  NASA's t h r e e - s t a g e  IUS. 

The l aunch  d a t e  f o r  t h e  o r b i t e r  is  changed t o  Feb rua ry  
1984, and t h e  l a u n c h  d a t e  f o r  t h e  probe  is  schedu led  1 
month l a t e r  i n  March 1984. 
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JPL p roceeds  w i t h  m i s s i o n  r e d e s i g n  and d e v e l o p i n g  a  
s p a c e c r a f t  c a r r i e r  f o r  t h e  p r o b e  and an  a u x i l i a r y  upper  
s t a g e  f o r  t h e  o r b i t e r .  

FY 1981 Cos t  i n c r e a s e s  i n  t h e  t h r e e - s t a g e  IUS program r e s u l t  i n  
NASA's d e c i s i o n  t o  c a n c e l  i t s  t h r e e - s t a g e  IUS and t o  
p l a n  t h e  l aunch  d s i n g  t h e  Cen tau r  upper s t a g e .  The 
change from t h e  law-energy,  s o l i d - f u e l  IUS t o  t h e  h igh-  
e n e r g y ,  l i q u i d - f u e l  Centaur  a l l o w s  JPL t o  recombine t h e  
o r b i t e r  and probe  and t o  l a u n c h  b o t h  a s  a s i n g l e  
pay load ,  us ing  a  d i r e c t  b a l l i s t i c  t r a j e c t o r y .  

The l a u n c h  is pos tponed  from Februa ry  and March 1984  t o  
Apr i*  1985  t o  a l l o w  NASA t o  d e v e l o p  t h e  Cen tau r .  

JPL c o n t i n u e s  t o  d e s i g n  t h e  o r b i t e r  acd  p robe  and t o  
d e v e l o p  an  o ~ . b i t e r / C e n t a u r  i n t e r f a c e .  

FY 1982 NASA d e c i d e s  t o  c a n c e l  t h e  Centaur  p r o j e c t  due  t o  
budget  problems. A s  a r e s u l t ,  NASA a d v i s e s  JPL t h a t  
t h i s  m i s s i o n  i s  t o  be  launched  ds ing  t h e  U.S. A i r  Force  
two-s tage  IUS. 

The lower  per formance  of t h e  two-stage IUS r e q u i r e s  t h e  
deve lapment  of  an  i n j e c t i o n  module ( a u x i l i a r y  upper 
s t a g e !  and a  new t r a j e c t o r y .  

JPL a d o p t s  De l t a  VEGA t r a j e c t o r y .  

The l a u n c h  is  s c k d u l e d  f o r  August 1985.  

JPL p r o c e e d s  wi th  m i s s i o n  r e d e s i g n  and d e v e l o p i n g  an  
a u x i l i a r y  upper s t a g e  f o r  t h e  ~ r b i t e r .  

The Congress  d i r e c t s  NASA t o  r e s t a r t  t h e  Centaur  
p r o j e c t  and t o  use t h e  Centaur  a s  t h e  upper  s t a g e .  

A new l aunch  d a t e  is  s e t  f o r  May 1986 t o  a l l o w  NASA t o  
comple te  t h e  development  of t h e  Centaur  and JPL t o  
d e v e l o p  Ga l i l eo /Cen tau r  i n t e r f a c e s ,  r e d e s i g n  t h e  
m i s s i o n ,  and d e v e l o p  a  new t r a j e c t o r y .  

FY 1983 JPL c o n t i n u e s  t o  d e v e l o p  t h e  o r b i t e r  and probe and  
mis s ion  d e s i g n .  

JPL m o d i f i e s  t h e  s p a c e c r a f t ' s  subsys tems  t o  d e c r e a s e  
t h e  s e n s i t i v i t y  of e l e c t r o n i c  ccmponents t o  cosntic 
r a y s .  
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FY 1984 JPL c o n t i n u e s  t o  d e v e l o p  t h e  o r b i t e r  and probe  and 
mis s ion  d e s l g n .  

J P L  f a b ~ i c a t e s  memory components and m o d i f i e s  Z l i g h t  
so£ twarc  . 

F Y  1985 J P L  c o n t i n u e s  t o  d e v e l o p  t h e  o r b i t e r  and probe  and 
mis s ion  d e s i g n .  

JPL rework t h e  s p i n  b e a r i n g  assemLly and memory 
components. 

FY 7986 The Cha l l enge r  a c c i d e n t  o c c u r s .  

Because of  s a f e t y  c o n c e r n s  w i t h  t h e  l i q u i d - f  ue l ed  
Centaur  and wi th  t h e  S h u t t l e  m i s s i o n  a b o r t  l a n d i n g  
we igh t ,  NASA r e p l a c e s  t h e  Cen tau r  upper s t a g e  w i t h  t h e  
U.S. Air  Force  two-s tage  IUS and lowers  t h e  S h u t t l e  
pay load  l i m i t  from 65,000 t o  51,100 pounds. 

Lowering t h e  S h u t t l e  pay load  l i m i t  p r e c l u d e s  t h e  use  
o f  t h e  i n j e c t i o n  module deve ioped  by J P L  f o r  t h e  D e l t a  
VEGA l a u n c h  and r e q u i r e s  a new t r a j e c t o r y .  

JPL d e v e l o p s  t h e  VEEGA t r a j e c t o r y  t o  compensate  f c r  t h e  
r ep l acemen t  of t h e  h igh -ene rgy  Centaur  w i t h  a less 
power£ UL IUS. 

NASA p o s t p o n e s  t h e  l a u n c h  from May 1986 t o  October  
1989. 

J r L  b e g i n s  t o  e v a l u a t e  t h e  impact  a£ l a u n c h  d e l a y s  and 
c r u i s e  time e x t e n s i o n  on t h i s  mi s s ion  and i t s  hal.dware.  

FY 7987 The s p a c e c r a f t  is r e t u r w d  t o  J?L ;'or s t o r a g e ,  and i t s  
s c i e n c e  i n s t r u m e n t s  a r e  removed and r e t u r n e d  t o  
s c i e n t i s t s  f o r  m o d i f i c a t i o n s  and r e c a l i b r a t i o n .  

P r o j e c t  s t a f f  i s  c o n d u c t i n g  a g i n g  s t u d i e s ,  d e v e l o p i n g  
ene rgy  s a v i n g  d e s i g n s  t o  compensate  f o r  t h e  l o s s  of  
power o u t p u t  from t h e  a g i n g  RTGs, and d e s i g n i n g  major 
changes  i n  t h e  o r b i t e r  hardware  t o  p r o t e c t  t h e  
s p a c e c r a f t  from t h e  sun.  



GLOSSARY 

Ablation 

Anti tall 

Asteroid 

Astronomical unit 

Attitude 

A form of mass heat transfer cooling 
that involves the burn-off of surface 
material from a space reentry vehicle 
or probe. 

The portion of magnetosphere extending 
from earth in the direction toward the 
sun. 

Any of a host of small rocky 
astronomical objects found primarily 
between the orbits of Mars and Jupiter. 
There are about 2,000 known asteroids in 
the solar system. 

A unit of length used in measuring 
astronomical distances that is equal to 
the mean distance of the earth from the 
sun (approximately 150 million 
kilometers or 93 million miles). 

The orientation of a spacecraft as 
defined by the inclination of its axis 
to the orbital plane. 

Atmosphere structure An instrument that provides information 
instrument about temperature, density, pressure, 

and molecular weight to determine the 
structure of an atmosphere. 

Auxiliary upper stage A supplemental propulsion system used to 
inject a spacecraft into an orbit or 
trajectory; it may be integrat.ed either 
with the spacecraft or with an Inertial 
Upper Stage. 

Bus A spacecraft carrier vehicle for various 
payloads; it is also a part of a 
spacecraft housing various avionics and 
scientific instruments. 



Celestial mechanics 

Centaur 

Delta velocity earth- 
gravity-assist (Delta 
VEGA) trajectory 

Despun platform 

Direct ballistic 
trajectory 

Dual-spin spacecraft 

Dust detection 
instrument 

Electromagnetic fields 

Electromigratian 

A study of motion of celestial bodies 
under the influence of gravitational 
fields; it is a Galileo mission 
experiment using the radio system and 
high-gain antenna to determine the mass 
and orbit of Jupiter and its satellites. 

An expendable, high-performance 
hydrogen-oxygen cryogenic upper stage 
used by NASA to launch interplanetary 
and earth orbital payloads. 

One of the trajectories for the Galileo 
mission, which requires a large 
propulsive maneuver in deep space in 
conjunction with a subsequent earth 
gravity assist. This trajectory was 
used by the Voyager mission. 

A platform designed to keep scientific 
instrument pointed in a specific 
direction. 

A trajectory of an unpowered spacecraft 
governed by gravity and previously 
acquired velocity. 

A spacecraft with one spinning section 
and one nonspinning section. 

An instrument that determines the size, 
speed, and charge of small particles 
such as micrometeorites. 

The field of force associated with 
electric charge in motion that has both 
electric and magnetic components and 
contains a definite amount of 
electrical and magnetic energy. 

A typ? of erosion affecting transistors 
that use aluminum substrate 
metallization, which results in a mass 
movement or migration of metal caused by 
thermally activated metal ions and 
conducting electrons. 



Energetic particle An instrument that measures energetic 
detector electrons and protons, determines their 

spatial distributions, and measures 
particles trapped in a magnetic field. 

Expendakle launch A nonreusable rocket such as the Titan 
vehicle IV. 

Extreme ultravi~let Electroma'netic radiation with a 
wavelength between 10 and 185 
nanometers. 

Fly-by mission 

Geota il 

Gravity assist 

Half-life 

Helium abundance 
interferometer 

Inertial Upper 
Stage (IUS) 

An interplanetary mission in which the 
spacecraft passes close to the target 
planet but does not impact it or go 
into orbit around it. 

The portion of the magnetosphere 
extending from earth in the direction 
away from the sun for a distance of 
about 1,000 earth radii. 

A technique used to give a spacecraft 
sufficient added velocity by aiming it 
toward a planet to use the planet's 
gravitational pull. 

An interval of time required for one- 
half the atomic nuclei of a radioactive 
substance to disintegrate (change 
spontaneously into another element). 

An instrument that measures the ratio 
of hydrogen to helium with high 
accuracy. 

A rocket booster and associated guidance 
system designed for the Shuttle that is 
used to move heavy payloads from a low 
earth orbit into higher operational 
orbits or to move lighter payloads into 
deep space trajectories. The solid-fuel 
IUS was developed jointly by the U.S. 
Air Force and NASA, and the Boeing 
Aerospace Company was the prime 
contractor. The IUS family included ( I )  
two versions (spin stabilized and 3-axis 
stabilized) of a three-stage Planetary 
IUS (canceled by NASA in 1982) and (2) a 
two-stage U.S. Air Force version that 
will be used to launch the Galileo, 
Ulysses, and Magellan missions. 



I n j e c t i o n  module 

I n t e r d i s c i p l i n a r y  
i n v e s t i g a t i o n s  

J u p i t e r  

Launch v e h i c l e  

A s o l i d - f u e l  r o c k e t  d e s i g n e d  t o  
accelerate a s p a c e c r a f t  t o  a t r a j e c t o r y  
i n j e c t i o n  speed .  I t  is f r e q u e n t l y  used 
i n  tandem w i t h  an IUS. 

I n v e s t i g a t i o n s  beyond t h e  p r i n c i p a l  
e x p e r i m e n t s  i n  which s c i e n t i s t s  work 
w i t h  t h e  d a t a  f rom s e v e r a l  e x p e r i m e n t s  
and p r o v i d e  a broad  l i n k  among many 
d i s c i p l i n e s .  

The f i f t h  p l a n e t   fro^ t h e  sun ,  which is 
t h e  l a r g e s t  p l a n e t  i n  t h e  s o l a r  sys t em 
( 3 1 8  t i m e s  t h e  mass of  e a r t h ) .  I t  h a s  
1 6  known s a t e l l i t e s ,  w i t h  t h e  f o u r  
l a r g e s t  known as t h e  G a l i l e a n  moons (10, 
Europa, Ganymede, and C a l l i s t o ) .  

A r o c k e t  used t o  l a u r c h  a missile o r  
s p a c e  v e h i c l e ;  it i s  a l s o  c a l l e d  a 
b o o s t e r  r o c k e t .  

L i g h t - e m i t t i n g  d i o d e  A two- t e rmina l  d e v i c e  w i t h  low 
r e s i s t a n c e  t o  a n  e l e c t r i c  c u r r e n t  i n  one  
d i r e c t i o n  and  h i g h  r e s i s t a n c e  i n  t h e  
o t h e r  d i r e c t i o n .  I t  p roduces  l i g h t  as 
c u r r e n t s  p a s s e s  t h rough  it. 

L i g h t n i n g  and r a d i o  An i n s t r u m e n t  t h a t  measures  
e m i s s i o n  i n s t r u m e n t  e l e c t r o m a g n e t i c  waves be ing  g e n e r a t e d  b y  

l i g h t n i n g  f l a s h e s  i n  a n  a tmosphere ;  it 
detects t h e  L i g h t  and r a d i o  
t r a n s m i s s i o n s  from t h o s e  f l a s h e s .  

L i q u i d  p r o p e l l a n t  

Lunar f a r  s i d e  

Magnetometer 

Magnetosphere 

A l i q u i d  s u b s t a n c e  t h a t  p r o p e l s  o r  
p r o v i d e s  t h r c s t  a s  an e x p l o s i v e  c h a r g e  
o r  a  r o c k e t  f u e l .  

The p a r t  of  t h e  moon's s u r f a c e  
pe rmanen t ly  h idden  from d i r e c t  e a r t h  
o b s e r v a t i o n .  

An i n s t r u m e n t  used f o r  comparing t h e  
i n t e n s i t y  and d i r e c t i o n  o f  magne t i c  
f i e l d s .  

An asymmetr ic  r e g i o n  ( g e n e r a l l y  
s p h e r i c a l ) '  w i t h i n  which t h e  magne t i c  
f i e l d  of  a  p l a r i e t  is  con£  ined  by t h e  
s o l a r  wind. 



Mare Orientale 

Mars 

Mars gravity assist 
trajectory 

Mass spectrometer 

Mission Operations and 
Data Analysis (MO&DA) 

Near infrared mapping 
spectrometer 

Nephelometer 

Net flux radiometer 

Neutral mass 
spectrometer 

Orbiter 

Payload 

Photopolarimeter 
radiometer 

A circular plane made of basaltic 
material that fills the interior part of 
the Orientale basin on the moon. 

The fourth planet from the sun, which 
has two known satellites, Phobos and 
Deimos. 

A trajectory used on the Galiieo 
mission that utilizes a Mars fly-by to 
gain additional velocity. 

An instrument designed to identify gases 
by measuring the mass of the i o ~ s  
produced when the gas is ionized by an 
electron beam. 

A NASA term that denotes an operational 
phase of a mission, generally beginning 
with launch. 

A spectrometer designed to identify 
chemical compounds by analyzing 
wavelengths in the near-infrared region 
of the electromagnetic spectrum. 

An instrument that determines the size 
and nature (liquid or solid) of cloud 
particles and the location of cloud 
layers. 

An instrument that determines ambient 
thermal and solar energy as a function 
of altitude. 

An instrument used to analyze the 
chemical composition of an atmosphere. 

A spacecraft or mission involving the 
insertion of a vehicle into orbit around 
a celestial body; it is also the orbital 
flight vehicle of the Shuttle syster.. 

The useful or net weight that is placed 
into orbit in a space mission. 

An instrument that measures temperature 
profiles, energy of an atmosphere, and 
cloud characteristics and composition. 



Pioneer 

Plasma detector 

A series of interplanetary missions 
(Pioneer 10, 11 ,  12, and 131, that were 
launched between 1972 and 1978. 

An instrument that provides information 
on low-energy particles and clouds of 
ionized geses in the magnetosphere. 

Plasma wave spectrometer An instrument designed to detect 
electromagnetic waves and wave-particle 
interactions. 

Probe 

Radio propagat ion 

Radioisotope 
Thermoelectric 
Generator (RTG) 

Shuttle 

Solid fuel 

Sol id-state imaging 

Spin-scan imager 

An instrumented device designed to 
gather data during the descent and/or 
la~ding on a planet. 

An experiment that measures the minute 
changes in frequency, power, time delay, 
and polarization of the spacecraft's 
radio signals when blocked by a planet, 
a satellite, the sun, or the solar wind. 

An electrical power generator consisting 
of a heat source and a system for the 
conversion of heat to electricity. The 
heat source contains a radioisotope 
(such as plutonium-238) that produces 
heat from its radioactive decay. The 
heat is converted to electricity by a 
thermoelectric converter. 

A U.S. Space Transportation System 
vehicle that places payloads into orbit. 
It consists of a reusaole piloted 
orbiter with three main engines, two 
reusable solid rocket boosters, and an 
expendable liquid propellant tank. 

A solid propellant usually containing 
both fuel and oxidizer. 

An instrument that uses a charge-coupled 
device (photovoltaic array) to generate 
images in the visual range of the 
electromagnetic spectrum. 

An imaging instrument that is mounted on 
a spinning observation platform. 



Trajectory The path traced by a rocket or 
spacecraft moving as a result of an 
externally applied force, considered in 
three dimensions. 

Ultraviolet spectrometer An instrument that studies the 
composition and structure of an upper 
atmosphere by analyzing the intensity of 
ultraviolet emissions triggered by the 
destruction of complex molecules by 
solar ultraviolet light. 

Upper stage A vehicle that is used to propel 
payloads into higher-than-earth orbit, 
interplanetary trajectories, or other 
high-energy orbital maneuvers. 

Venus The second planet from the sun. 

Venus-Earth-Earth- The latest trajectory for the Galileo 
Gravity-Assist mission that requires a gravity assist 
(VEEGA) trajectory from a Venus fly-by followed by two 

gravity assists from earth fly-bys. 

Voyager Missions to Jupiter and Saturn in which 
the Voyager I and I1 spacecrafts were 
launched in 1973 and 1975, respectively. 
Both missions returned a wealth of 
information on the planets and their 
satellites. 








