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ABSTRACT 

This r e p o r t  p re sen t s  the resu l t s  of a study conducted to de te rmine  
the feasibil i ty,  f r o m  a n  orbi ta l  mechanics viewpoint, of utilizing a p e r m a -  
nent Orbital  Launch Faci l i ty  (OLF)  to support  miss ions  to M a r s  and Venus 
during the 1975 - 1990 t ime period. 

Twenty-seven E a r t h  departure  windows w e r e  selected for  M a r s  
and Venus mis s ions  in  the 15-year period. 
a vehicle  mus t  have fo r  a coplanar injection into a n  E a r t h  escape  t r a j e c t o r j  
was  calculated fo r  each of the E a r t h  depar ture  windows. 

The required nodal orientation 

An arb i t ra r i ly -chosen  OLF orbit  w a s  then projected through all the 
2 7  windows. This OLF orbi t  was  completely compatible with all E a r t h  
depa r tu re  windows except two, and was compatible with these  two with 
only minor  additional velocity requirements .  d 
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UTILIZATION OF AN ORBITAL LAUNCH FACILITY 

FOR PLANETARY MISSIONS 

By Robert  M. Croft 
George C. Marshall  Space Flight Center 

SUMMARY 

This r epor t  p resents  the resu l t s  of a study conducted to determine 
the feasibil i ty,  f r o m  a n  orbital  mechanics viewpoint, of utilizing a 
I t  permanent" Orbital  Launch Facility (OLF) to support  miss ions  to  M a r s  
and Venus during the 1975 - 1990 time period. 

Twenty-seven Ea r th  departure  windows of approximately 40 days'  
duration each w e r e  selected fo r  Mars and Venus missions in  the 15-year 
per iod.  
injection into a n  Ea r th  escape t ra jec tory  was calculated for  each  of the 
E a r t h  depar ture  windows. 

The required nodal orientation a vehicle must  have for  a coplanar 

An arb i t ra r i ly -chosen  OLF orb i t  was then established and projected 
through a l l  the M a r s  and Venus missions selected for this study. 
orb i t  was completely compatible with all E a r t h  depar ture  windows except 
two, and was compatible with these la t te r  two with only minor  additional 
energy  requi rements .  

This OLF 

Twenty-six Ea r th  departure  windows w e r e  investigated for genera l  
compatibility and eighteen of these w e r e  compatible with all possible nodal 
or ientat ions of a n  OLF orbit .  
w e r e  compatible with 75 to 99  percent  of all possible orientations of the 
OLF orbit .  

The remaining eight depar ture  windows 

Although the level of effort available for  this study did not permi t  
a comprehensive investigation of the problem, it leaves no doubt that a n  
OLF would be feasible,  f rom an orbital  mechanics  viewpoint, tu  support  
success ive  miss ions  to Mars  and Venus in  the 1975 - 1990 t ime  period. 



SECTION I. INTRODUCTION 

One of the major tasks  of the National Aeronautics and Space 
Administration (NASA) i s  planning for the manned exploration of space.  
Because of the long lead t ime associated with the development of 

-advanced propulsion sys tems,  launch vehicles,  and related sys t ems ,  i t  
i s  necessa ry  to study various potential miss ions  and their  requi rements .  

Many of the planetary miss ions  under consideration propose an  
E a r t h  orbi ta l  launch operation for miss ion  completion. 
underway by Ling-Temco-Vought (LTV) entitled "Advanced Orbital  Launch 
Operations' '  (Contract NAS 8-5344) which investigates different modes of 
providing the orbital  support  required to  a s  semble,  fuel, maintain and 
r epa i r ,  check out and count down the miss ion  launch vehicle. 

A study i s  present ly  

One mode investigated by LTV for  Orbital  Launch Operations (OLO) 
i s  character ized by OLO crewmen and equiDment being permanent ly  based 
in  orb i t  in an Orbital Launch Faci l i ty  (OLF).  
of operations around which a r e  centered the operations requi red  for orbi ta l  
launch. 

The OLF s e r v e s  a s  a base  

Since the OLF would be required to support  var ious  planetary 
miss ions  for  severa l  years ,  i t  is necessa ry  to determine what constraints ,  
i f  any, a r e  placed on the OLF by E a r t h  depar ture  windows, i. e . ,  will the 
OLF orb i t  have the proper  nodal orientation such that a coplanar launch 
can be made  a t  some t ime within a 40-day E a r t h  depar ture  window r e g a r d -  
l e s s  of the mission target  (Mars  o r  Venus), miss ion  duration (long o r  shor t )  
o r  launch year (1975 - 1990). 

The limited amount of e f for t  which could be expended, although 
sufficient for the l imited objectives of the study, did not pe rmi t  a 
detailed analysis  of the problem; therefore  a representa t ive  s e r i e s  of 
Mars  and Venus missions during the 1975 - 1990 t ime period was selected.  

Both long-duration and short-durat ion miss ions  to  Mars  w e r e  
investigated,  and 16  Ea r th  depar ture  windows w e r e  determined for  the 
1975 - 1990 time period. 

Ten Earth departure  windows based on long-duration miss ions  
w e r e  investigated for Venus. 
depar ture  windows were  assumed for, both the long- and short-durat ion 

It should be noted that the s a m e  Ear th  



Venus miss ions ,  since the velocity requirements  a t  Ea r th  depar ture  
did not change appreciably when compared with other windows within 
a conjunction yea r .  

I t  should be emphasized that the purpose of this study was not to 
de te rmine  optimum Ear th  depar ture  windows, but to investigate the orbi ta l  
mechanics  feasibil i ty of utilizing a single permanent  Orbital  Launch Faci l i ty  
for a var ie ty  of missions over severa l  y e a r s .  

Table 1 summar izes  the Ear th  depar ture  windows selected for  this 
study . 

SECTION 11. ASSUMPTIONS 

The following is a summary  of the bas ic  assumptions used in  this 
study: 

( 1) Pa tch  conic approximation. The patched conic approximation 
is ideally suited to pre l iminary  analyses of interplanetary t r a j ec to r i e s  
where  the rapid computation of a la rge  amodnt of data is requi red .  In 
this technique, the interplanetary t ra jec tor ies  a r e  broken into five phases  
and the vehicle is  assumed to  be moving in  a conic t ra jec tory  with r e spec t  
to the cent ra l  body of i n t e re s t  during each phase (Ea r th  - Sun - Plane t  i 
Sun - Ear th ) .  
complete in te rp lane tary  t ra jec tory .  The p r i m a r y  a r e a  of i n t e re s t  in  this 
study is the Ear th-escape  portion of the interplanetary t ra jec tory .  

The conics generated a r e  “patched together” to f o r m  a 

( 2 )  All velocity additions a r e  impulsive.  This gives a v e r y  good 
approximation and allows an analytical t rea tment  of the problem. 

(3) Only single impulse maneuvers a r e  considered. The launch 
window fo r  a multiple impulse maneuver for  planetary escape  would be 
essent ia l ly  the s a m e  as for  a single impulse maneuver.  

(4) Midcourse maneuvers  a r e  not considered. This maneuver is 
p e r f o r m e d  during the interplanetary phase of the miss ion  and is  not 
influenced significantly by the planetary depar ture  window. 

(5) P lane ta ry  oblateness effects. In the patched conic approximation, 
the gravi ta t ional  f ie ld  of the Ea r th  is  simulated by a central ,  inverse  square  
var ia t ion  fo rce  field about a point mass ,  which ignores  the effect of the 
E a r t h ‘ s  oblateness .  The oblateness effect is t rea ted  a s  follows: 

3 



(a) Oblateness i s  not considered for the Ea r th  depar ture  
t ra jec tory  since i t s  effect only becomes noticable a t  low orbi ta l  alt i tudes 
a f t e r  long periods of t ime.  

(b) Since theorb i ta l  Launch Faci l i ty  may s tay  i n  E a r t h  orb i t  
s eve ra l  yea r s ,  oblateness must  be taken into account to descr ibe  the 
O L F ' s  motion. In this study, the effect of oblateness i s  accounted for by 
using a f i r s t -o rde r  approximation for  the r eg res s ion  of the l ine of nodes 
of the parking orbit .  

( 6 )  Parking orbi t  inclination of the OLF - 3 2  degrees .  
for  assuming this value is discussed below. 
considerable influence on the duration and frequency of occurrence  of the 
orbi ta l  launch window. 
would be useful. 

The reason  
However, the inclination has  

This is an  a r e a  in  which additional study effort  

( 7 )  Parking orbi t  altitude of the OLF - 485 km. 
assumed for reasons  discussed below. 
payload to orbit ve r sus  orbital  launch requi rements  would be useful. 

This altitude was  
However, a trade-off study of 

(8) Per igee  altitude of nominal escape  hyperbola - 485 k m  (tangential 
launch).  This is the nominal ca se  for the orbi ta l  launch window calculations.  
Variations in per igee due to a few minutes '  variation in launch t ime do occur ,  
however, and have been investigated i n  r e fe rences  1 and 2 .  

As stated in  assumptions (6)  and ( 7 )  above, the operational orb i t  
selected for  the Orbital Launch Faci l i ty  has  a n  inclination of 3 2  degrees  
and a n  altitude of 485 km. Two main fac tors  influenced the select ion of 
the orbit :  The operational orb i t  selected is a rendezvous -compatible 
orb i t  which makes available a daily Ear th- to-OLF-orb i t  launch without a 
plane change ( re ference  3 ) ;  ( 2 )  this orbi t  i s  based on a study by LTV, 
entitled "Advanced Orbital Launch Operations.  I '  

t r i p s  f r o m  Ear th  orbi t  to Lunar orbi t  and then back to E a r t h  orb i t  w e r e  
studied f rom two viewpoints. 
support  vehicle was used a s  a base  for  the Lunar F e r r y  employed in  this 
mission.  
54-day period a r e  possible. 
operational orbit  selected above i s  equal to  one-half the mean motion of 
the Moon about the Earth.  
the whole geometrical  picture to r e c u r  eve ry  two Lunar  revolutions 
(54 days) .  
available for round t r ip  Lunar miss ions  a s  well  as  the M a r s  and Venus 
miss ions  (reference 1). 

(1) 

In the LTV study, round 

In one case,  a permanent  E a r t h  orbi ta l  

In this case ,  only two t rans lunar  orbi ta l  launch windows p e r  
The nodal r e g r e s s i o n  r a t e  of the OLF 

This synchronization of the two motions allows 

Therefore,  the operational orb i t  selected would make the OLF 



SECTION 111. EARTH DEPARTURE AND 
ORBITAL LAUNCH WINDOWS 

A. E a r t h  Departure  Window 

F igure  1 shows the outbound leg of a typical t ransplane tary  
t ra jec tory .  
can be defined a s  the velocity relative to the planet in  excess  of that 
requi red  to escape  the gravitational a t t rac t ion  of the planet and, when 
added to the E a r t h ' s  orbiting velocity (VQ),  gives the hel iocentr ic  velocity 
of the vehicle. The plane of the t ransplanetary orbi t  mus t  contain the 
position of the depar ture  planet at departure ,  the Sun, and the position of 
the t a rge t  planet at  a r r iva l .  
o rb i t  plane of the depar ture  planet and the required depar ture  velocity 
v a r y  considerably with the relat ive positions of the depar ture  and 
a r r i v a l  planets ;  therefore ,  the feasible t imes  for launching into these 
in te rp lane tary  t r ans fe r s  a r e  l imited to a few weeks during each synodic 
period. 
of depar ture  dates ,  f rom the E a r t h ' s  sphere  of influence, i n  which a 
miss ion  vehicle has  the capability to inject  into the requi red  t ransplane-  
t a r y  t r a j ec to ry  and to accomplish the subsequent phases  of the mission.  

The hyperbolic excess  velocity (Va),  a s  shown in  F igu re  1, 

The inclination of the t r ans fe r  plane to the 

The E a r t h  departure  window may  now be defined a s  that range 

Tar  get Planet  

FIGURE 1. - TYPICAL TRANSPLANETARY TRAJECTORY 

5 



Figures  4, 6, and 8 show E a r t h  depar ture  windows for Mars  and Venus 
miss ions  in  the 1975 - 1990 t ime period. 
excess  velocity with t ime due to the above mentioned conditions can be  
seen  f r o m  these f igures .  
var ia t ion of the minimum energy requi rements .  
the positions of the planets in their  respect ive orb i t s  re la t ive to perihelion 
and the l ine of nodes of the two orbi ts .  

The var ia t ion of the hyperbolic 

Also shown in  these f igures  i s  the year - to-year  
This var ia t ion i s  due to  

B .  Orbital Launch Window 

Ear th  depar ture  windows a r e  usually defined without re ference  to 
how a given geocentric escape hyperbola (which connects to the requi red  
t ransplanetary t ra jec tory)  can be entered f r o m  an  Ea r th  parking orbi t .  
During pre l iminary  studies of interplanetary miss ions ,  it i s  general ly  
assumed that launch f rom Ear th  orb i t  occu r s  with an  instantaneous burn  
a t  per igee  of an escape hyperbola with the depar ture  t ra jec tory  lying in  the 
parking orbi t  plane. F igure  2 shows this situation and defines the decl ina-  
tion ( 6  ) and right ascension ( a )  of the hyperbolic excess  velocity vector  (Vm).  
F o r  a m o r e  detailed analysis  of the above-mentioned windows, s e e  
r e fe rences  2 and 3 .  

/ . 
00 

Injection 
Point 

F I G U R E  2 .  - qEOMETRY OF COPLANAR INJECTION 
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F o r  a coplanar launch, the right ascension of the ascending node 
of the parking orb i t  (ess) and escape hyperbola (Szh) m u s t  be equal. Also, 
the inclination of the parking orb i t  (iss) mus t  equal the inclination of the 
escape hyperbola (ih), and the declination of the V, vector  m u s t  be l e s s  
than o r  equal to  the inclination of the parking orb i t  to launch without a 
plane change. The plane of the parking orbi t ,  however, moves with a 
nodal r eg res s ion  r a t e  of about 7 degrees  per  day while the orientation of 
an  escape  hyperbola changes ra ther  slowly with t ime.  Thus,  the escape  
hyperbola and parking orbi t  a r e  coplanar (the condition fo r  minimum 
injection velocity, AV) for only a short  period of t ime.  After this t ime,  
the parking orb i t  ro ta tes  out of plane (due to the E a r t h ' s  oblateness)  and 
the injection AV inc reases .  
defined a s  that range of permissible  depar ture  dates  f r o m  the Ea r th  
parking orbi t ,  within the Ea r th  departure  window, in which a vehicle has  
the capability to make the proper  plane changes out of E a r t h  orb i t  and 
to achieve the required injection velocity into the escape hyperbola. 

Therefore,  the orbi ta l  launch window may  be 

SECTION IV.  METHOD OF ANALYSIS 

Interplanetary t ra jec tory  data (heliocentric portion) w e r e  obtained 

Tra j ec to r i e s  to  M a r s  
f r o m  re fe rences  4 and 5 for  Mars  missions in the 1975 - 1986 t ime period, 
and Venus miss ions  in the 1975 - 1990 t ime period. 
in  the 1988 - 1990 t i m e  period w e r e  calculated on a high-speed digital 
computer using a medium -ac cura  cy interplanetary t r a j  e c to ry  p rogram 
developed f o r  MSFC a s  a p a r t  of contract  NAS 8-2469. Both long- and 
short-durat ion miss ions  were  considered. 

F igu re  3 shows a typical example of the method employed in  this 
study to  determine the orbi ta l  mechanics feasibil i ty of a permanent  OLF.  
Ea r th  escape  hyperbola orientations required to match the pre-computed 
hel iocentr ic  t ransfer  t ra jec tor ies  of the E a r t h  depar ture  window w e r e  
calculated as a function of injection t ime. This nodal orientation (Rh)  as 
a function of t ime is shown in Figure 3-a  as a dashed curve.  F igure  3-a 
a l so  shows that two solutions ex is t  for  the escape hyperbola orientation 
(Rh?) and(Rh ) except when the declination (6  ) equals the parking orb i t  
inclination (is s ) .  

2 

An OLF orientation (ass )  i s  then assumed on some re fe rence  date.  
A s  t ime p rogres ses ,  the orientation of the OLF changes a t  a constant r a t e  
(due to  the E a r t h ' s  oblateness) and the parking orbi t  becomes  coplanar with 
the requi red  escape hyperbola a t  point 1, a s  shown in F igu re  3-a .  At this 
t ime, minimum velocity injection conditions exis t  since a plane change is 
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-a 

I 
Julian Date of Injection 

-b 

FIGURE 3. - LAUNCH WINDOW COMPATIBILITY AND 
AV REQUIREMENTS 

not required a t  hyperbolic injection. After  this t ime,  the parking orb i t  
ro ta tes  out of plane and the injection AV i n c r e a s e s  until the parking orb i t  
again becomes coplanar with the second solution of the requi red  escape  
hyperbola (point 2 ) .  
va ry  a s  a function of injection t ime f o r  the above-mentioned conditions. 
The dashed curve in  F igure  3-b,  which r e p r e s e n t s  the E a r t h  depar ture  
window referenced to Ea r th  orbi t ,  was  der ived under the assumpt ion  
that the orbit  of the OLF i s  always coplanar with the E a r t h  escape  

F igure  3 - b  indicates how the velocity requi rements  
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hyperbola connecting to the required interplanetary t ra jec tory .  
i t  can be seen  f rom Figure  3-a that this coplanarity cannot be maintained 
for  an  extended t ime,  and a plane change will be required to en ter  the 

the orbi ta l  launch windows which indicate the AV required to compensate 
fo r  the requi red  plane changes and injection velocity out of E a r t h  orbit .  

However, 

* required escape hyperbola. The other curves  in  F igure  3-b r ep resen t  

In summary ,  the method employed to de te rmine  the orbi ta l  
mechanics  constraints  on a permanent OLF consis ts  of the following s teps:  

(1) The required escape hyperbola orientations to match the t r a n s -  
planetary t r a j ec to r i e s  of the Ear th  depar ture  window a r e  calculated and 
plotted a s  i n  F igu re  3-a.  

(2 )  A s e r i e s  of OLF nodal orientations ranging f rom 0 to 360 degrees  
is a s sumed  on some  reference  date before the Ea r th  depar ture  window opens 

\ (only one OLF orientation is shown in F igu re  3-a) .  

(3)  A s  t ime p rogres ses ,  these orientations r e g r e s s  f r o m  the r e fe rence  
date into the E a r t h  depar ture  window and in t e r sec t  the required escape hyper -  
bola or ientat ions.  

(4) If all possible OLF orientations ( 0  to 360 degrees )  i n t e r sec t  the 
escape hyperbola orientations within the E a r t h  depar ture  window, then a 
coplanar launch could be made r ega rd le s s  of the O L F ' s  orientation on the 
r e fe rence  date .  

( 5 )  The above procedure must  be repeated for a l l  E a r t h  depar ture  
windows in  the 1975 - 1990 t ime period to a s s u r e  that a l l  windows a r e  com-  
patible with the OLF. 

SECTION V. DISCUSSION AND RESULTS 

The  selection of the 32-degree inclination limits the E a r t h  depa r tu re  
declination to a maximum of 32 degrees  i f  injection is to be accomplished 
without a plane change. 
V, vec tor  for  the Mars  and Venus missions selected for  this study. Where 
this declination exceeds the 32 degrees ,  the launch windows a r e  terminated 
as shown in  F igu res  4 and 8. 

F igures  5, 7, and 9 show the declination of the 

The following approach was taken to de te rmine  the probability that 
A total a single O L F  could serv ice  a s e r i e s  of Mars  and Venus miss ions .  
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of 26  E a r t h  departure  windows of approximately 40 days '  duration each 
was selected for Mars  and Venus missions in  the 1975 - 1990-time period. 
F igu re  4 shows the Ea r th  depar ture  windows (referenced to sphe re  of 
influence) for  long-duration miss ions  to M a r s  during this per iod.  F igu re  6 
shows the short-duration miss ions  to Mars .  
there  ex is t  10 conjunctions in.the 1975 - 1990 t ime period f r o m  which E a r t h  
depar ture  windows can be obtained. F igu re  8 shows only 5 of the 10 Ea r th  
depar ture  windows. However, the 1975 conjunction is a n  a lmost  exact 
repeti t ion of the 1983 conjunction, and can be used as a v e r y  close approxi-  
mation mere ly  by adding 2920 days to  the 1975 re ference  date.  The s a m e  
procedure  i s  applicable for the other conjunctions. 
leg t r i p  t imes to Venus were  not changed for  the long- and short-durat ion 
miss ions .  Only the s tay t ime a t  Venus and the inbound leg t r ip  t ime w e r e  
changed, which r e su l t s  in long- and short-durat ion miss ions  a s  r e f e r r e d  to  
here in .  

. 
I In the case  of Venus miss ions ,  

I 

The outbound t r a j ec to ry  

Orientations of the Ea r th  escape  hyperbolas requi red  to match  the 
t ransplanetary t ra jec tor ies  of the Ea r th  depar ture  windows w e r e  then 
calculated.  
a short-durat ion Mars  miss ion  in  1475. 
had been placed in  orbi t  previous to 1975, was  checked out to  launch a 
vehicle to Mars ,  and was holding on 244-2490 J . D .  The next problem 
was  to  determine i f  the orbi t  launch vehicle, r ega rd le s s  of the orb i t  
orientation, can hi t  the launch window which opens on 244-2520 J .  D. 
and c loses  on 244-2560 J . D .  
to 244-2490 J . D . )  ranging f r o m  0 to 360 degrees  in 30-degree increments  
was assumed for  the OLF orbit .  
orientations ( R s s )  r e g r e s s  f r o m  the re ference  point into the E a r t h  depar ture  
window. The intersect ion of the R s s  t r a c e  and the requi red  escape  hyper -  
bola orientation (Oh) determines the exact  escape  hyperbola and OLF orb i t  
for  coplanar injection conditions. 
r ega rd le s s  of the OLF orientation on 244-2490 J . D .  a coplanar launch can 
be made within the 40-day Ea r th  depar ture  window. 
explain Figure 10, a s sume  a n  OLF orb i t  or ientat ion of R s s  = 240 degrees  
on 244-2490 J .D .  
244-2524 J .  D. which is the in te rsec t ion  of the 240-degree R s s  l ine and 
the a h l  curve. 
21 days la te r  on 244-2545.2 J .  D. when the OLF has  the s a m e  orientation 
a s  the second solution of the requi red  escape  hyperbola.  A plane change 
would be required to launch a t  any other t ime  within the E a r t h  depar ture  
window. 
28 days would be sufficient to cover all possible  OLF orb i t  orientations of 
the 1975 opposition. 

These orientations (Rh and Rh2) a r e  shown in  F igu re  10 for  
It  was then a s sumed  that  a n  OLF 

A s e r i e s  of nodal orientations ( re ferenced  

A s  t ime p r o g r e s s e s ,  these  OLF orb i t  

I t  can be seen  f r o m  F igure  10 that 

To m o r e  thoroughly 

The f irst  coplanar launch opportunity will occur  on 

A second coplanar launch opportunity occur s  approximately 

Figure 10 a l so  shows a n  E a r t h  depa r tu re  window of approximately 
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It is apparent  f r o m  the above ana lyses  that i f  a l l  possible  OLF 
orb i t  orientations a r e  compatible with all the 1975 - 1990 E a r t h  depar ture  
windows then, f r o m  the standpoint of orbi ta l  mechanics,  a permanent  

- Orbital  Launch Faci l i ty  could be used for  success ive  launches to Mars  
and Venus during the 1975 - 1990 time per iod.  

. 

Figures  11 and 12, and Figures  14 through 31 show the launch 
window compatibility for successive miss ions  to  Mars  and Venus. The 
re ference  point for  the OLF orien,tation is the first date on each figure.  
These f igures  a r e  s imi l a r  to Figure 10, and mos t  provide 100 percent  
coverage of the OLF orientations.  Another example of launch window 
compatibility is F igu re  18 which shows a long-duration Mars  miss ion  
in 1980. I t  can be seen  f rom this f igure that the two solutions for  the 
required escape hyperbola Orientation converge to one solution. This 
is due to the inclination of the parking orb i t  being equal to the decl ina-  
tion of the V, vector  at this point. 
not provide full coverage (143-210 degrees  not covered) of the OLF 
orientation due to this constraint .  

It can be s e e n  that  this window does 

Table 2 p re sen t s  a summary  of the Mars  and Venus miss ions  
indicating which windows rece ive  full coverage of the OLF orientat ions.  
It can be seen  f r o m  this table that 12 of the’ 16 Mars  windows and 6 o r  
the 10 Venus windows receive full coverage. The 1978, 1980, 1986, 
and 1988 Venus windows would provide full orientation coverage i f  the 
E a r t h  depa r tu re  windows w e r e  extended to 40 days  ( s e e  F igure  8). 
could be accomplished in some cases  by having a g rea t e r  inclination of 
the OLF orbi t .  

This 

Since 100 percent  orientation coverage did not ex is t  i n  all c a s e s ,  
it was  decided to es tabl ish a reference OLF orb i t  i n  1975 and pro jec t  
this o rb i t  through all Ea r th  departure  windows to  de te rmine  the extent 
of coverage. 
miss ion .  
Mars  flyby study. 
occu r s  on 244-2680 J . D .  with Mars  flyby on 244-2810 J . D .  
back at E a r t h  occur s  on 244-3350 J .D.  ( r e fe rence  6). 
exis ted in  the selection of this mission in  that the declination of the V, 
vec tor  on 244-2680 J.  D. was slightly g rea t e r  than the inclination of the 
OLF orbi t .  
l a r g e r  than the inclination, the plane change was  v e r y  sma l l  ( requir ing 
only 40 meters / second m o r e  than a coplanar launch).  F igu re  13 shows 
the r equ i r ed  OLF orientation such that the injection velocity on 244 - 
2680 J . D .  will be a minimum. 
inject ion before and a f t e r  the nominal launch date.  

A 1975 Mars  flyby mission was selected as the r e fe rence  
This mission select ion was based on a n  MSFC in-house Venus/  

The optimum Earth depar ture  date for  this miss ion  
Ar r iva l  

A minor  problem 

However, since the declination was only a few degrees  

Also shown is the AV requi red  for  
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The same OLF orbi t  result ing f r o m  the above ana lyses  was 
then projected through all E a r t h  depar ture  windows calculated for the 
M a r s  and Venus missions.  The dashed l ines  i n  F igures  10 through 31, 
running paral le l  to the R s s  l ines ,  depict  the var ious nodal orientations 
of this OLF orbit  as a function of t ime.  

. 

It  should be emphasized that the OLF orb i t  was chosen fo r  the 
1975 Mars  flyby mission only. 
31 represent  the nodal r eg res s ion  of this orbit ,  and indicate the com-  
patibility of the orbit  with the other launch windows shown in  the f igures  
mentioned. The compatibility of this orb i t  with each  of the Mars  and 
Venus missions for  the 1975 - 1990 period is shown in  Table 3 .  
of 2 7  missions to Mars  and Venus i s  covered during this t ime period. 
The representat ive orbi t  indicated by the dashed l ine is completely 
compatible with 25 of the miss ions .  The other two cases ,  the Mars  
flyby mission (F igure  13) and a 1982 Mars  miss ion  (F igure  2 2 ) ,  a r e  
those where the OLF orbi t  inclination i s  slightly l e s s  than the minimum 
inclination of the escape t ra jec tory  (declination of Vm).  
be considered to be compatible s ince,  as mentioned above, a n  energy  
of only about 40 meters / second g rea t e r  than a coplanar launch is 
necessa ry  to account for this  sl ight difference in inclination. 

The dashed l ines  i n  F igu res  10 through 

A total 

These two can 

This indicates that orbi t  launch window constraints  do not 
significantly affect  the feasibil i ty of using a single, permanent  Orbital  
Launch Facil i ty for  any des i red  miss ion  to Mars  and Venus. 

Additional information on the orbi ta l  launch windows resul t ing 
f r o m  the above analysis i s  presented in  the Appendix. 
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FIGURE 4. EARTH HYPERBOLIC DEPARTURE SPEED FOR LONG 
I 
1 .  DURATION MARS MISSIONS (OPPOSITION YEARS 1975 - 1990) 
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FIGURE 5. EARTH DEPARTURE DECLINATION FOR LONG DURATION 
MARS MISSIONS (OPPOSITION YEARS 197 5 - 1990) 
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TABLE 1. - SUMMARY O F  EARTH DEPARTURE WINDOWS 
SELECTED FOR STUDY 

OPPOS 
Year  

1975 
1978 
1980 
1982 
1984 
1986 
1988 
1990 

1975 
1978 
1980 
1982 
1984 
1986 
1988 
1990 

Conj 
Y e a r  

19 75 
1977 
19 78 
1980 
1982 
1983 
1985 
1986 
1988 
1990 

Jul ian Date 

Departure  Time Stay T ime  Time T ime  
of Ea r th  Outbound Inbound Total T r i p  

k20 Days (Days) (Days 1 (Days) (Days) 

Mars  Missions (Long-duration) 

244 -26 73 
2 44 - 3 42 5 
244-4 167 
244 -4942 
244 -5 745 
244 - 6540 
244-7348 
244-8142 

244 -2 540 
244 -3 3 20 
244-4200 
244 -49 60 
244 -5 700 
244 -6480 
244-7300 
244 -7990 

380 
340 
350 
320 
300 
270 
190 
380 

390 
430 
430 
500 
480 
5 10 
580 
370 

Mars  Missions (Short-duration) 

220 
240 
200 
220 
280 
260 
190 
240 

20 
20 
20 
20 
20 
20 
20 
20 

180 
190 
200 
170 
180 
180 
160 
180 

250 
260 
200 
220 
220 
220 
260 
260 

950 
960 
980 
990 
960 
960 
930 
930 

49 0 
520 
420 
460 
520 
500 
470 
520 

Jul ian Date Inbound Total T r ip  

Departure  Time Long /%or t Long /Short L o n d h o r  t 
of E a r t h  Outbound Stay Time Time T ime  

+20 Days (Day S) (Days 1 (Days)  (Days)  

Venus Missions (Long/Short-duration) 

244 -2 5 78 
244-3 160 
244 -3 7 34 
244-4360 
244-49 14 
244 -549 8 
244-6080 
2 44 - 6 654 
244 - 72 80 
244 - 78 2 5 

120 
120 
120 
160 
170 
120 
120 
120 
160 
170 

5 l O / Z O  
490/20 
520/20 
440 /2 0 
450/20 
5 l0/20 
490/20 
520/20 
440/20 
450/20 

1 l0/270 740/410 
l00/280 710/420 
110/270 750/410 
110/320 710/500 
120/320 740/5lO 
1 l0/270 740/410 
l00/280 710/420 
1 l0/270 750/410 
110/320 710/500 
120/320 740/5lO 
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Opposition/ 
Conjunction 

Year 

1975 
1978 
1980 
1982 
1984 
1986 
1988 
1990 

1975 
1978 
1980 
1982 
1984 
1986 
1988 
1990 

1975, 1983 
1977, 1985 
1978, 1986 
1980, 1988 
1982, 1990 

TABLE 2. - SUMMARY OF LAUNCH WINDOW 
GENERAL COMPATIBILITY 

E a r t h  Departure  Orientations Orientations 
Window Duration Not Covered Covered 

(Days) (Deg) (Pe rcen t )  

Mars  Missions (Long -duration) 

40 
40 
37 
39 
40 
40 
40 
40 

- 
168-195 
143-210 
2 10-270 

- 

Mars  Missions (Short-duration) 

40 
40 
40 
40 
40 
40 
40 
40 

Venus Missions (Long- and Short-duration) 

100.0 
92.5 
81 .4  
83.3 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
75.0 

100.0 
100.0 
100.0 
100.0 
100.0 

37 
40 
30 
33 
40 

- 100.0 
- 100.0 

116-120 9 8 . 9  
150- 180 91.  7 

- 100.0 
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I 

BLE 3. - SUMMARY OF LAUNCH WINDOW COMPATIBILITY 
REFERENCED TO 1975 MARS FLYBY MISSION 

OLF Compatible with E a r t h  
Opposition/Conjunction Year Departure  Window 

M a r s  Mi s s ions (Long -duration) 

1975 
19 78 
1980 
1982 
1984 
1986 
1988 
1990 

1975 
1978 
1980 
1982 
1984 
1986 
1988 
1990 

Venus 

1975 
1977 
1978 
1980 
1982 
1983 
1985 
1986 
1988 
1990 

lis s 

Yes 
Yes 
Yes 
No (qualified) 
Yes 
Yes 
Yes 
Yes 

Mar s Mi s s ions (Short -duration) 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

long- and Short-duration) 3ns ( 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
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SECTION VI. CONCLUSIONS 

I The following conclusions a r e  a r e su l t  of this study effort: 

Although this study has  been l imited in scope and level  of effort, 
it leaves no doubt that a single, permanent  OLF can be compatible with 
a l m o s t  all possible missions to Mars  and Venus during the operational 
l i fe  of the OLF. 
launch dates  is known s o  that the OLF orb i t  can be established with the 
proper  initial orientation s o  as  to be compatible with the planned miss ions .  

This i s  especially t rue  i f  the s e r i e s  of miss ions  and 

( 2 )  A total of 2 7  Ea r th  depar ture  windows for Mars  and Venus 
missions during the 1975 - 1990 period was investigated. An a r b i t r a r i l y -  
chosen OLF orbi t  was completely compatible with all of these except two, 
and was compatible with these la t te r  two with only minor additional 
energy  requirements  . 

l 

(1)  The orbital  launch window c r i t e r i a  does not impose any 
par t icular  constraint  on the feasibil i ty of a permanent  Orbital  Launch 
Faci l i ty .  

( 3 )  Of the 26  E a r t h  depar ture  windows investigated for genera l  
compatibility, 18 were  compatible with all possible  orientations of a n  
O L F  orbi t .  
75 - 99 percent  of all possible orientations.  
launch window was not investigated for  genera l  OLF orb i t  orientation 
compatibility . 

The remaining 8 launch windows were  Compatible with 
The 1975 Mars  flyby miss ion  

(4) Increasing the inclination angle of the OLF orbi t  would inc rease  
the percentage compatibility of the eight ca ses  that w e r e  not completely 
compatible. 

(5) The inclination of the OLF orb i t  has  considerable  influence 
If, for on the attainability and duration of the orbi ta l  launch windows. 

instance,  the E a r t h  escape velocity asymptote,  V,, declination i s  
g rea t e r  than the OLF orbi t  inclination, then a coplanar launch is not 
possible.  This a r e a  needs additional investigation. 

(6) A few possibil i t ies exis t  for  varying the nodal r eg res s ion  r a t e  
of the OLF orbit  in  o rde r  to influence the orb i t  compatibility with a pa r t i c -  
u la r  launch window. One method of doing this i s  to pe rmi t  the orbi ta l  a l t i -  
tude,of the O L F  to vary  by natural  orbi ta l  decay due to  air drag .  After  the 
increased  precession r a t e  has  accomplished the des i r ed  change, normal  
station-keeping would rees tab l i sh  the proper  alt i tude.  This  a r e a  a l s o  needs 
m o r e  investigation. 
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APPENDIX 

ORBITAL LA UNCH WIND OW S 

This section p resen t s  orbital  launch windows der ived f rom a 
portion of the available Ea r th  departure  windows for  Mars  and Venus 
miss ions  in  the 1975 - 1990 t ime period. 

F igu re  A-1, which was derived f rom F igure  14, p re sen t s  a 
family of orbi ta l  launch windows for a Venus miss ion  in  1977 and 1985. 
It can be seen  f rom F igures  14 and A-1 that r ega rd le s s  of the O L F ' s  
orientation it will hit  the 1977 and 1985 window. It  can a l s o  be seen  in 
F igu re  14 that two coplanar solutions exis t  for some orientations,  and 
that t h ree  coplanar launch opportunities occur for  the 240-degree 
orientation. 
windows in  F igure  A - 1  is the Ea r th  depar ture  window referenced  to 
E a r t h  orbit .  
to inject  into an  escape  hyperbola without a plane change. 
points where  the 240-degree orbital  launch window meets  the E a r t h  
depa r tu re  window rep resen t  coplanar injection conditions. The coplanar 
launch opportunities for  the 240-degree orientation occur on 244-3 140.5, 
244-3 160, and 244-3 179.5 J. D. 
depa r tu re  window a plane change i s  necessa ry  to  inject  into the required 
escape  hyperbola. 
A AV limit of 6 km/sec  was a rb i t r a r i l y  s e t  for the orbi ta l  launch windows 
i n  F igu re  A-1  in  o rde r  to compare  the window widths for  the var ious 
or ientat ions.  I t  can be seen  f r o m  this f igure that the maximum orbi ta l  
launch window occur s  for  the 240-degree orientation case .  Launch can 
be made on any of the 40 days without exceeding the 6 km/sec  limit. 
The minimum window duration (approximately 5 .6  days)  occur s  for  the 
60-degree orientation. Therfore ,  it can be seen  that the orientation of 
the O L F  grea t ly  influences the orbital  launch window duration. 

The dashed line which envelopes the family of orbi ta l  launch 

This E a r t h  depar ture  window defines the velocity required 
The th ree  

At a l l  other t imes  within the 40-day E a r t h  

This is evident by the AV variat ion in F igu re  A-1. 

F igu res  A-2 and A-3 show orbital  launch windows for  sho r t -  
durat ion Mars  miss ions  in 1978 and 1982, respect ively.  
windows f o r  long-duration missions to Mars  in  1984 and 1986 a r e  presented  
in  F igu re  A-4  and Figure  A-5. 
or ientat ions is shown in Table A-1. 

Orbital  launch 

A summary  of these windows for  var ious 
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