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MISSIONS TO NEAR-EARTH ASTEROIDS: SEI MILESTONES ON THE WAY TO MARS. 
D.R. Davis (PSI, Tucson AZ), A.L. Friedlander (SAIC, Chicago IL), T. Jones (NASA JSC, Houston TX), 
and J.V. McAdarns (SAIC, Chicago IL). 

A broad new initiative for the expansion of human beings into space has recently been mandated by 
the President of the United States. However, as we develop strategies and design options for the Space 
Exploration Initiative (SEI), all possible nearby targets must be considered. To this end a NASA- 
commissioned study was carried out to assess the role that the population of Near-Earth Asteroids (NEAs) 
could play in the SEI (Davis et al. 1990). It was argued in this study that these asteroids provide exciting 
targets for SEI missions that naturally fit into strategies now being considered for the Moon and Mars by 
providing meaningful targets for precursor missions to a Mars landing mission, the "Apollo 8" mission of SEI. 
These results and recommendations were presented to the Synthesis Group, a committee commissioned by the 
National Space Council as part of an outreach program designed to acquire new ideas and concepts to be 
incorporated into SEI. Apparently missions to NEAs struck a responsive chord with this committee and were 
put forth as an option in Architecture 11, which has a science emphasis (see Stafford et al. 1991 for a 
description of all SEI architectures). Just as appropriate, though, is a role for NEAs in Architecture IV, 
emphasizing space resources in all scenarios that culminate in Mars landing, since NEA missions provide an 
exellent and realistic precursor mission before a Mars landing mission. In this abstract we show that excellent 
mission opportunities exist to the known NEA population and that additional, even better, opportunities will 
almost certainly be discovered in the near future given the increasing discovery rate of NEAs. 

Two classes of trajectories were studied for exploration of NEAs: first are minimum energy 
rendezvous trajectories for robotic precursor missions, while low AV, fast ( e l  yr round trip) rendezvous 
trajectories are needed for astronautic missions of SEI. Figure 1 gives the distribution of AV required for each 
of these classes of trajectories using the NEA population known as of July, 1991. Figure 2 gives similar results 
but using the true population of NEAs, estimated to be -5000 asteroids larger than 0.5 km in diameter. In 
the case of minimum-energy rendezvous, we see from Fig. 2 that there are 47 asteroids (0.9%) that could be 
accessible for a AV less than 5 km/sec, 257 asteroids (5.1%) for less than 6 kmlsec, and 709 asteroids (14.2%) 
for less than 7 Wsec.  A comparison of Figures 2(a) and 2(b) shows about an order of magnitude fewer 
targets for fast trip rendezvous at the same value of AV accessibility than for minimum energy rendezvous. 
Thus, for fast-trip rendezvous, about 24 asteroids (0.5%) could be reached for a AV less than 6 kdsec, 
65 asteroids (13%) for 7 kmlsec, and 145 asteroids (2.9%) for up to 8 kdsec. 

Monte Carlo calculations were also made for fast round-trip missions assuming approximately equal 
values for the asteroid arrival and departure impulses, and aerocapture to LEO at Earth return. The 
5000-sample distribution results for total round-trip AV are: 5 asteroids (0.1%) at less than 6 kdsec, 35 
asteroids (0.7%) at less than 8 kmlsec, and 85 asteroids (1.7%) at less than 10 kdsec. For comparison 
purposes, we would therefore estimate that 67 (1.3%) potential NEA targets are accessible for a AV less than 
the -9.4 kmisec needed for a lunar surface mission with aerocapture return. If all of these targets were 
discovered, there should be an estimated 9 - 10 NEAs available each year, assuming an average interval of 7 
years between the most favorable opportunities to a given target body. 

Detailed studies of several low AV rendezvous trajectories discovered opportunities to explore multiple 
bodies with the same mission (McAdams, 1992). Table 1 summarizes several mission opportunities that flyby 
either asteroids or comets as part of a rendezvous mission to 1989ML. Multitarget missions are particularly 
interesting since they offer much greater science return from a given mission. Currently, mostly two target 
missions have been identified, although the 2009 launch date does have an option for flying by two asteroids 
and rendezvousing with 1989ML. Further studies of trajectory opportunities and the ever-increasing number 
of known NE4s will certainly lead to many missions that can explore several bodies with a single spacecraft. 
A series of "NEt'Comet J3plorern spacecraft would allow a detailed reconnaissance of the near-Earth asteroid 
and comet population in a reasonable time interval and at a modest cost. 

References: (1) Davis, D.R., et al. (1990). SAIC Study No. 1-120-232-S28. (2) Stafford, T.P., and the 
Synthesis Group (1991). U.S. Government Printing Office. 114 pp. (3) McAdams, J.V. (1992). Submitted 
to J o u m l  of the Astronalltical Sciences. 
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Figure 1. Cumulative distribution of total AV (from LEO) for: (a) minimum-energy rendezvous with near- 
Earth asteroids; (b) fast trip rendezvous to the known population of NEAs. 

Figure 2. AV distribution for: a) minimum energy rendezvous and b) fast trip rendezvous to the true 
population of NEAs, estimated to be -5000 asteroids larger than 0.5 km diameter. Only the low AV tail 
of distribution is shown. 

Table 1 
Survey of 1989ML Rendezvous Missions with NEA and Comet Flybys 

FLIGHT TIME FLYBY FLYBY SPEED TOTAL 
LAUNCH DATE (YEARS) ASTEROID/COMET (kmls) A v  (kds )  

08/10/98 2. 4034 1986PA 14.256 5.654 
07/02/99 2. 1943 Anteros 8.909 5.103 
07/07/06 2. 2135 Aristaeus 21.174 5.392 
07/09/09 2. 4450 Pan 16.513 4.946 
07/15/09 2. 4544 1989FB 6.857 4.912 
07/09/09 2. 4544 1989FB 6.710 5.274 

4450 Pan 16.651 
07/06/99 6.882 S-W 3 14.028 5.230 
07/06/99 6.893 T-G-K 9.284 5.242 
07/06/99 6.865 S-W 3 8.853 5.706 
07/12/99 2.858 P-W 12.284 5.817 
07/06/99 6.023 G-Z 18.808 5.914 
07/06/99 2.123 Wirtanen 10.536 6.054 
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