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Cubesats and smallsats enable measurement pro-

grams that were once unaffordable, by reducing manu-

facturing and launch costs. However, planetary mis-

sions have requirements for large delta-V to escape 

Earth’s gravitational field and to slow down once they 

reach their targets if they are going to land or orbit. 

Often planetary missions need to maneuver frequently 

to observe multiple targets or to change orbit on a sin-

gle body. Ion propulsion, such as the electrostatic sys-

tem used by the Dawn mission, shown in Figure 1, 

produces a high-speed neutral plasma with a beam ve-

locity an order of magnitude greater than chemical 

rockets but with a low thrust. Thus, such thrusters are 

ideal for changing orbits and attitude control, but not 

for launching from the surface of the Earth. These 

thrusters now exist and can be used with moderately 

sized cubesats (6U, 12U) to enhance our ability to 

achieve our objectives in exploring cis-lunar space and 

the inner solar system between Venus and Mars. Such 

mission design would align itself with NASA’s scien-

tific roadmaps, its planetary defense goals, and its 

technology roadmaps [1].  

 
Figure 1. Dawn spacecraft. 

 

An example of how this technology could be used 

in this way would be to launch and release a small ion-

propelled spacecraft with a camera and small space 

plasma package that could detect the coherent signa-

tures in the solar wind produced when it flows through 

the electrically charged dust clouds produced by colli-

sions. These structures, termed ‘Interplanetary Field 

Enhancements,’ are carried outward by the solar wind 

and help pinpoint regions where meteoroids have col-

lided. At 1AU, a one-meter meteoroid can totally dis-

rupt a 100-m meteoroid. Inward of 1 AU, the ratio is 

larger because the relative collisional speed increases. 

The camera would be used to detect hazardous ma-

terial (that could be heading to Earth) by observing the 

region inside 1 AU from locations even closer to the 

Sun so that the meteoroids are illuminated by the Sun 

and visible to the camera on the spacecraft. Figure 2 

shows the orbits of the over 17,000 Near Earth Objects 

that cross Earth orbit. If the spacecraft detected a par-

ticularly hazardous situation, such as a cluster of mete-

oroids produced in a previous collision that would in-

tersect the Earth’s orbit as the Earth approached, it 

could adjust its orbit to survey more precisely the bod-

ies’ trajectories and sizes. Even if the bodies were not 

immediately hazardous to Earth, the collisional disrup-

tion and the gravitational perturbations of material near 

the hazardous zone would improve our understanding 

of the complex processes involved in predicting haz-

ards to Earth.  

 
Figure 2. The orbits of the over 17,000 NEOs that cross the 

Earth’s orbit. 

 

This work would leverage the experience gained in 

operating the Dawn spacecraft. Figure 3 shows the 

delta V achievable with electrostatic ion thrusters, Hall 

thrusters (magnetic), pulse plasma and chemical thrust-

er. Figure 4 shows that as Dawn has already achieved 

the ion thrusters can be used to charge the velocity of 

the spacecraft when the ion fuel mass is 33% of the wet 
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mass of the spacecraft. Other systems reach, at most, 

one-third of this value, and chemical systems reach less 

than 5%. For maneuverability, especially when the 

spacecraft trajectory needs to be adaptable to discover-

ies, ion propulsion is the optimum approach. 

 
Figure 3. Mission V miniature thruster options. 

 
Figure 4. Mission V for mass ratio of 0.33. 

 
Figure 5. Results of a previous mission study to implement 

the MiXI thuster in a standard 3U CubeSat configuration. 

 

Figure 5 shows how such thrusters could be mount-

ed in a standard 3U cubesat [2]. 
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