
EXPLORATION OF NEAR-EARTH OBJECTS FROM THE DEEP SPACE GATEWAY.  D. W. Dunham1 , 

K. Stakkestad2, P. Vedder3, J. McAdams4, J. Horsewood5 and A. L. Genova6, 1KinetX Aerospace, 2050 E. ASU Cir-

cle #107, Tempe, AZ 85284, david.dunham@kinetx.com, 2KinetX Aerospace, 2050 E. ASU Circle #107, Tempe, 

AZ 85284, kjell@kinetx.com, 3KinetX Aerospace, 2050 E. ASU Circle #107, Tempe, AZ 85284, pe-

ter.vedder@kinetx.com, 4KinetX Aerospace, 2050 E. ASU Circle #107, Tempe, AZ 85284, 

jim.mcadams@kinetx.com, 5SpaceFlightSolutions, 28 Barnsdale Lane, Hendersonville, NC 28791, Horse-

wood@SpaceFlightSolutions.com, 6NASA Ames Research Center, Moffett Field, CA 94035, Antho-

ny.Genova@nasa.gov. 

 

 

Introduction:  This is not about specific scientific 

goals or instruments, but about how clever use of or-

bital dynamics can lower delta-V costs to go to scien-

tifically interesting destinations. High-energy orbits 

relative to the Moon, as envisioned for the Deep Space 

Gateway (DSG), are excellent locations for reaching 

near-Earth objects (NEOs, either asteroids or comets). 

Our previous work [1] has explained the advantages of 

Earth-Moon 2nd libration-point (EM-L2) halo orbits as 

staging locations for exploration of NEOs and Mars, 

but other high-energy orbits near the Moon, such as 

nearly-rectilinear halo orbits (NRHOs; they are large-

amplitude EM-L2 halo orbits) or lunar distant retro-

grade orbits, can also be used [2]. 

Learning the structure and composition of NEO’s is 

important not only for understanding the formation of 

the Solar System, but also for planetary defense and for 

assessing their value for providing fuel and other re-

sourses that could facilitate human exploration of the 

Solar System. Small satellites (possibly cubesats) kept 

at or near the DSG could be sent quickly to NEOs, 

especially newly-discovered objects that will be found 

in increasing numbers with LSST and other surveys. 

These robotic science missions could serve as precur-

sor missions for later human missions, first a test mis-

sion (6 to 12 months) to an NEO before the longer mis-

sions to Mars. This paper will present some trajectories 

to NEOs with especially low delta-V requirements 

from an EM-L2 orbit like ones that might be used by 

payloads deployed from the DSG. 

1994 XL1:  The The asteroid, (480808) 1994 XL1, 

about 200m across, is unusual because it has one of the 

smallest semi-major axes of any asteroid, less than that of 

Venus and with a perihelion just inside Mercury’s orbit. Its 

aphelion is near Earth’s orbit, giving easy close flyby 

opportunities approximately every six years. One of 

these will occur in 2022. The trajectory shown in Fig-

ures 1-3, from [3], needs only 432 m/s of deltaV, in-

cluding departure from, and return to, an EM-L2 halo 

orbit. 

 
Figure 1:  Ecliptic-plane view of the heliocentric tra-

jectory to 1994 XL. The turquoise circle is the Moon’s 

orbit, showing the scale of both Fig. 1 and Fig. 2. 

 

 
Figure 2:  Solar rotating ecliptic-plane view of the trajec-

tory with the departure and return (from and back to the 

EM-L2 halo orbit) parts of the trajectory near the Earth. 

 

 
Figure 3:  Earth-Moon rotating lunar orbit-plane view of 

the trajectory with the departure and return (from and back 

to the EM-L2 halo orbit), as well as 3 lunar swingbys. 
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Comet Wirtanen:  This interesting comet, the 

original target of ESA’s Rosetta mission, will pass only 

0.08 AU from Earth in Dec. 2018. It provided a low-

energy opportunity to visit both this comet, and the 

split Comet Schwassmann-Wachmann-3, as shown in 

Figure 4 [4]. It would have been a good opportunity for 

multiple cubesats, to study the complex environment of 

the active comet [5]. Although missed, there will be 

other future near-Earth comet apparitions. 

 
Figure 4:  Solar rotating ecliptic-plane view of the trajec-

tory to Comets Wirtanen and Schwassmann-Wachmann-3. 

 

 2000 SG344:  This is one of the most accessible 

NEOs with a great opportunity in 2029, illustrated in 

Figures 5 and 6, needing only 1890 m/sec of deltaV 

and 7 months to and from an EM-L2 halo orbit for a 5-

day rendezvous with the asteroid. With a month longer 

flight time, the stay time at 2000 SG344 can be in-

creased to 30 days with only 60m/s more deltaV. There 

is a 1-year opportunity to 2000 SG344 in 2027 with 

several hundred m/s less deltaV. 

 
Figure 5:  Ecliptic-plane view of the heliocentric tra-

jectory to 1994 XL. 

 

 

 
Figure 6:  The part of the trajectory to 2000 SG344 

near the Earth is shown in a solar rotating ecliptic-

plane projection with a fixed horizontal Sun-Earth line 

 

Low-thrust trajectories. The trajectories above 

were computed with impulsive deltaVs. We have opti-

mized the heliocentric part of the trajectory to 2000 SG 

344 with both impulsive and hybrid (with low- and 

high-thrust maneuvers), assuming a crewed vehicle 

with a dry mass of 58 mt (metric tons) using 150kW 

Hall-effect thrusters, similar to those assumed in [6]. 

The calculations indicate that the hybrid mission offers 

a net reduction of initial mass in Earth orbit of about 6 

mt. It is interesting to note that the excess speeds at 

Earth actually increase over those of the ballistic mis-

sion, but this is more than made up by the substantial 

reductions in high-thrust propellant  

Lunar Science:  From an EM-L2 halo orbit, any 

point on the lunar surface can be reached in less than 

two weeks for a one-way delta-V cost of about 2.5 

km/sec. Other trajectory ideas that facilitate achieving 

lunar science goals are given in another paper [7]. The 

departure and return Earth orbits are highly elliptical 

orbits, similar to the phasing orbits shown in Figure 6, 

so there are extra deltaVs amounting to a few hundred 

m/sec to transfer from these orbits to an EM-L2 halo. 
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