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GALACTIC PROBE TRAJECTORY PARAMETERS-1969 TO 1972 LAUNCH OPPORTUNITIES 

R. E. COADY 

ABSTRACT 

This  paper p r e s e n t s  t he  r e s u l t s  o f  a s tudy  t o  determine the  varia- 
t i o n  of some important  mission parameters w i t h  launch d a t e .  It a l s o  
serves t o  extend some previous  work r epor t ed  by t h i s  Office[”by examining 
i n  more d e t a i l  t h e  f l i g h t  dynamic c h a r a c t e r i s t i c s  of  a Jovian mission.  
The fol lowing launch oppor tun i t i e s  t h a t  were found i n  the  s tudy  repor ted  
i n  r e fe rence  1 were i n v e s t i g a t e d :  

November 1, 1969 t o  February 28, 1970 
December 1, 1970 t o  March 18, 1971 
January 1, 1972 t o  A p r i l  30, 1972 

The requ i r ed  i n j e c t i o n  v e l o c i t i e s ,  i n , r c t ion  ene rg ie s  and corresponding 
f l i g h t  t i m e s  are shown as a func t ion  of  launch d a t e .  These parameters  are 
of  fundamental importance i n  s e l e c t i n g  a launch v e h i c l e  and payload f o r  t h e  
miss ion .  I n  add i t ion ,  t he  geometric r e l a t i o n s h i p  between t h e  Sun, probe, 
and Ear th  a t  J u p i t e r  a r r i v a l  are presented  as a func t ion  of f l i g h t  t i m e  and 
launch d a t e .  

The r e s u l t s  of t h e  s tudy  i n d i c a t e  t h a t  a mission of n e a r l y  500 days i s  
a t t rac t ive  because launching on the d a t e  r equ i r ing  the  minimum i n j e c t i o n  
v e l o c i t y  a l s o  provides  near ly  minimum communications d i s t a n c e  a t  a r r i v a l .  
None of t h e  o t h e r  f l i g h t  times displayed t h i s  f e a t u r e .  

See r e fe rences  1, 2,  and 3 
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I n t r o d u c t i o n  

The s e l e c t i o n  of a nominal t r a j e c t o r y  and launch d a t e  f o r  an  i n t e r p l a n -  
e t a r y  mission i s  a cont inuing process u n t i l  a l l  known c o n s t r a i n t s  have been 
considered.  The information i n  t h i s  paper i s  intended t o  a i d  i n  t h e  selec- 
t i o n  o f  a launch v e h i c l e ,  launch d a t e  and t r i p  t i m e  t o  J u p i t e r .  The on ly  
f a c t o r s  considered thus  f a r  are t r a j e c t o r y  parameters s i n c e  no o t h e r  system 
c o n s t r a i n t s  are known a t  t h i s  t i m e .  

The launch o p p o r t u n i t i e s  f o r  t he  Galactic Probe mission were s tud ied  
f o r  f l i g h t  t i m e s  of 300, 600, 800, and 1,000 days and were r epor t ed  i n  
r e f e r e n c e  1. The p r e s e n t  paper u t i l i z e d  t h e  information found i n  r e f e r e n c e  1 
and expands the  scope t o  inc lude  more d e t a i l  i n  t he  r eg ion  of 400 t o  600 days 
f l i g h t  times. These t r i p  t i m e s  are reasonable  l i m i t s  f o r  t h e  mission because 
a 300 day mission r e q u i r e s  excessive i n j e c t i o n  v e l o c i t y  and a 700 day mission 
r e s u l t s  i n  near o c c u l t a t i o n  by t h e  Sun a t  J u p i t e r  arr ival .  

P re l imina ry  t r a j e c t o r y  information p e r t a i n i n g  t o  des ign  of t h e  communi- 
c a t i o n s  system w a s  r epor t ed  i n  r e fe rences  2 and 3. The t i m e  h i s t o r i e s  of 
t h e  Sun-Earth-probe angu la r  r e l a t i o n s  were shown f o r  t h r e e  launch o p p o r t u n i t i e s  
corresponding t o  a 600 day mission.  
intended t o  support  t h e  f e a s i b i l i t y  o f  t h e  mission. This  paper shows t h e  
v a r i a t i o n  of t h e s e  same Sun-Earth-probe r e l a t i o n s h i p s  a t  J u p i t e r  arr ival  as 
a f u n c t i o n  of launch d a t e  and f l i g h t  t i m e .  

L i s t  of Symbols 

These d a t a  were p re l imina ry  i n  n a t u r e  

nomenclature used i n  t h i s  r e p o r t  are de f ined  below: 

Vector from Sun t o  probe a f t e r  i n j e c t i o n  

Vector from Sun t o  Ea r th  

Vector from Earth t o  probe 

Communications d i s t a n c e  

A u n i t  v e c t o r  i n  gene ra l  

Earth-Sun-probe ang le  
y = c o s  -l Go. 
Earth-probe-Sun 2 n g l e  
% = cos -l(? * p " )  

Sun-Earth-probe ang le  
cp = cos  -1 (-'i;'. ?) 
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Discussion of  Resu l t s  

The da ta  presented i n  t h i s  r e p o r t  were generated by the  d i g i t a l  
computer program descr ibed  i n  r e fe rence  4. The program s imula tes  t h e  
motion of a s p a c e c r a f t  us ing  t h e  method of "patched conics"  and t h e  d a t a  
i s  v a l i d  sub jec t  t o  the  fol lowing assumptions: 

1 .  The s p a c e c r a f t  i s  ac t ed  on by t h e  g r a v i t a t i o n a l  fo rce  of only  
one c e n t r a l  body a t  any t i m e .  

2 .  The ob la t eness  e f f e c t s  of t h e  p l a n e t s  are neg lec t ed .  

3. The s p a c e c r a f t  i s  i n j e c t e d  i n t o  the  escape t r a j e c t o r y  from a 
185.2 km (100 n a u t i c a l  miles) parking o r b i t  i n c l i n e d  2 8 . 5  
degrees  t o  t h e  E a r t h ' s  equator .  

I 
The resu l t s  of t he  s tudy  are presented  i n  F igures  l a  t o  1Oc. The 

d a t a  can be separa ted  i n t o  two c a t e g o r i e s :  (1) f l i g h t  dynamics and 
(2) Sun-Earth-probe geometry a t  c l o s e s t  approach t o  J u p i t e r .  The geo- 
c e n t r i c  i n j e c t i o n  v e l o c i t y  i s  probably t h e  most important  dynamic parameter 
because i t  can be c o r r e l a t e d  wi th  launch v e h i c l e  performance. F igures  l a  
t o  IC show the v a r i a t i o n  of i n j e c t i o n  v e l o c i t y  wi th  launch d a t e  and f l i g h t  
t i m e .  Figure 2 shows the  performance c a p a b i l i t i e s  of f i v e  launch v e h i c l e s  
taken from reference  5. The d a t a  shown on Figure  2 are meant t o  be g u i d l i n e s  
only and should no t  be used f o r  d e t a i l e d  miss ion  p lanning .  The fol lowing 
t a b l e  c o r r e l a t e s  t he  payloads,  f l i g h t  t i m e s ,  and minimum i n j e c t i o n  v e l o c i t i e s  
from the  F igures .  The informat ion  i n  t h e  t a b l e  i s  s e l f  explana tory  and 
i n d i c a t e s  the launch v e h i c l e  and p o s s i b l e  payload c a p a b i l i t y  f o r  a s p e c i f i e d  
mission t o  J u p i t e r .  
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Table 1 - LAUNCH VEHICLE CAPABILITIES 

Approximate 
Launch 

Date - 

Jan. 10, 1970 

Jan. 5, 1970 

Jan. 3, 1970 

3an. 2, 1970 

Feb. 11, 1971 

Feb. 7, 1971 

Feb. 4 ,  1971 

Feb. 2, 1971 

Jan. 30, 1971 

March 15, 1972 

March 12, 1972 

March 7, 1972 

March 5, 1972 

March 1, 1972 

Flight  
Time 
Days 

400 

450 

500 

5 50 

600 

400 

450 

500 

5 50 

600 

400 

450 

500 

550 

60 0 

a * 

Minimum 
Inject ion 
Velocity 

(km/s) 

16.8 

15.9 

15.3 

14.9 

14.6 

16.6 

15.8 

15.2 

14.7 

14.5 

16.4 

15.6 

15 .O 

14.7 

14.4 

Approximate Payload (Kilograms) 

Atlas SLV3X Saturn I B  
Centaur Centaur Saturn I B  Centaur 
TE- 364 - Kick Centaur Kick - 

* * * 900 

55 2 50 300 1350 

90 350 600 1700 

120 420 800 1900 

160 500 1050 2200 

* 140 * 1000 

65 2 80 400 1300 

100 370 700 1800 

150 470 950 2 100 

170 510 1100 2300 

* 180 * 1100 

78 300 500 1500 

120 400 800 1900 

150 470 950 2 100 

180 540 1200 2 300 

bevond the caoabil i tv  of the launch vehic le .  -. 
Required inject ion ve loc i ty  i s  --, _ _ _ _  . - 
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Earth-San-Probe Geometry 

The selection of an interplanetary trajectory is influenced by the 
constraints imposed at arrival at the target planet. The Earth-Sun-probe 
geometry is of fundamental interest because it dictates the communications 
distances and instances of possible communications blackout put to oc- 
cultation by the Sun. The most desirable situation is to plan the arrival 
when Jupiter is in opposition and a minimum injection velocity is required. 

The communications distance is plotted versus launch date for various 
flight rimes in Figures 7a to 7c. If the data is used in conjunction with 
the injection velocity on Figures la to IC it can be seen that the 500 day 
mission offers a distinct advantage over the others because the communica- 
tions distance at arrival is nearly minimized for minimum injection velociry. 
The situation is pictured in Figures 6a and 6b which shows examples of the 
transfer trajectory projected in the ecliptic plane and the geometric rela- 
tionship of the Earth-Jupiter-Sun-probe during the flight. These plots also 
clearly point out that flight times of 400 to 600 days are feasible while 
700 and 800 day missions are not because of possible communications blackout 
at Jxpiter arrival. 

CDnclus ions 

The 

1. 

2 .  

following conclusions can be drawn from the results of this study: 

The Galactic Probe mission as presently envisioned is feasible and 
within the capabilities of the planned launch vehicles in the 
1970-1974 time period. 

In order to minimize the communications distance at Jupiter arrival 
the total flight time should be about 500 days. This eliminates 
the possibility of communications blackout due to occultation by 
the sun. 
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Figure 6a - Ecliptic Projection of an Earth-to-Jupiter Trajectory 
Flight Time = 500 days 
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Figure 6b - Ecliptic Projection of an Earth - to  -Jupiter Trajectory 
Flight Time = 600 days 
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