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    Introduction: Hundred-meter-class asteroids, rem-
nants of the precursors to planets, are important sci-
ence objects and represent the peak of the impact haz-
ard. They are also potential targets for human explora-
tion and resource utilization. Their extremely low 
gravity allows us to devise a repeat-landing mission 
that requires no chemical propulsion, thereby saving 
on cost and risk, and allowing for multiple subsurface-
probing measurements at multiple asteroids using an 
ESPA-class solar electric propulsion (SEP) spacecraft.  
    Mission Concept. A potential spacecraft design is 
based around the JPL Micro Surveyor that has a mass 
of 75 kg (wet) including two science instruments that 
access >10 cm beneath the surface. The spacecraft is 
estimated to have a delta-V of 5 km/s sufficient for 
performing a tour of 2 small NEOs. After surveying 
the first asteroid, the spacecraft is directed into a pre-
cisely guided free-fall, impacting slowly (v~10 cm/s) 
under milligravity (ag~0.1 mm/s2) into a selected patch 
of regolith (Fig. 1). The bus comes to rest vertically on 
top of the Science Instruments Module which is de-
ployed at the end of a ~3 m rigid extensible truss (Fig. 
2). The base of the SIM has two penetrators that are 
pushed into the subsurface to enable science that has 
never been done at an asteroid: subsurface volatile and 
organics determination and seismology.  
    A single landed spacecraft can be much lower risk 
and cost than an asteroid orbiter that deploys discrete 
landers to do the same science. A sub-lander that 
measures compositional and seismic properties at 
depth introduces weak links in thermal, comms, ACDS 
and power, and thus has lower overall capability. But 
unlike a compact hopper that can land in free fall and 
tumble around the surface, SPIKE must touch down in 
a controlled manner and not tip over. The very low ve-
locity landing dynamics is forgiving to a “grab-and-
go” approach, that is sufficient for our science, but 
longer duration landings are possible. We are studying 

the degree to which spacecraft motion, asteroid mo-
tion, solar wind and gravity can be balanced using 
standard reaction wheels, and if necessary, the gim-
baled Hall thruster on that pushes gently down, to ena-
ble repeated landings of arbitrary duration without re-
quiring chemical propulsion. 
    Target Requirements. The target asteroid(s) must 
be smaller than about 1 km so that the free-fall will not 
damage the spacecraft, and so that the reliable but low 
thrust SEP motor can accelerate away from the aster-
oid. For example, free fall of the NEAR spacecraft on-
to the surface of asteroid Eros was around 4 m/s. Not 
only is this speed difficult for this kind of spacecraft to 
bear, but getting up off the surface requires more thrust 
than a Hall thruster can deliver, approx. 0.3 mm/s2 for 
our spacecraft configuration. For an asteroid smaller 
than 1 km, the thrust exceeds the weight by a factor of 
several, so all that is required is for the spacecraft to 
hop mechanically from the surface, using the same 
damping mechanism that is used to soften the landing, 
at merely 1 cm/s. This weak hop sends the spacecraft 
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Figure 1. The science mission begins with a survey phase 
using a camera to determine asteroid rotation state and 
gravity and look for suitable landing locations. Descent is 
in free-fall. For take-off a 1 cm/s push-off is sufficient to 
send the spacecraft on a sub-orbital hop, giving time (tens 
of minutes) for the spacecraft to turn and fire its Hall 
thruster, eliminating the need for chemical propulsion. 



on a suborbital arc 10-100 m from the asteroid, provid-
ing tens of minutes to rotate and depart on an escaping 
trajectory exceeding the small gravity, either to prepare 
for another landing site or to depart for a new asteroid. 
    For penetrator science the target requires a patch of 
regolith ~1 m deep. Ignoring friction, the work done in 
stopping the spacecraft (½mv2) equals the energy re-
quired to crush and/or deform regolith, so d = 
mv2/2Asc = (50kg) (0.2m/s)2 [2(1000N/m2)(10-3m2)]-1 ~ 
1 m, inversely with sc. Because gravity is so weak, 
shear strength does not increase much with depth like 
it does on the Moon. A force of ~1 N is sufficient to 
push in the spikes; by comparison the truss we are con-
sidering can withstand 20 to 180 N depending on the 
load point. If interparticulate cohesion is much weaker, 
then the spike will penetrate deeper; the Science In-
struments Module has substantial cross section (~0.5 
m2) so that even a loose dust pond (sc~100 N/m2) 
would stop it in a few cm, leaving only the penetrators 
fully in the subsurface. For stronger materials the im-
pact velocity can be accelerated, while for weaker ma-
terials the spacecraft can fall from lower altitude at 
lower velocity. These operations can be tested rigor-
ously in Earth gravity using a cantilevered pendulum. 
    Mission Significance. A spacecraft lander without 
chemical propulsion will be a remarkable advancement 
for asteroid exploration, given the extremely high reli-
ability of SEP compared to chemical systems, especial-
ly for multiple-rendezvous missions lasting years. The 
mission responds to the call from the National Re-
search Council's study Defending Planet Earth: Near-
Earth Object Surveys and Hazard Mitigation Strate-
gies Final Report, which seeks "dedicated spacecraft 
missions to NEOs providing extended periods for ob-
servations and investigation close to NEOs to obtain 
detailed characterizations of their rotational motions, 
masses, sizes, shapes, surface morphology, internal 
structure, mineral composition, and collisional histo-
ry." The 2014 NASA Science Plan notes that in the 
NASA Authorization Act of 2008, Congress mandated 
that "tracking and characterizing near-Earth objects 
greater than 140 meters in diameter" be a specific pro-
grammatic activity of NASA. The SPIKE mission 
promises to characterize the surfaces and interiors of 
multiple NEOs of the size deemed most important for 
hazard mitigation. Probing the interior structure and 
chemical abundances (which include volatiles and or-
ganics) of these bodies will shed light on their colli-
sional evolutionary history and address questions 
posed by NASA's Earth and space science program in-
cluding "How did our solar system originate and 
change over time?" And "How did life originate, and 
are we alone?" 

Target Requirement Probability 
First target must be prim-
itive (B, C or D) 
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cemented materials (un-
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for gentle landing and to 
allow SEP-powered es-
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Figure 2. SPIKE sci-
ence instruments are 
on the end of a rigid 
deployable boom, with 
sensors in the spikes 
and analytical compo-
nents in a ~7 kg sur-
face package kept at 
distance by a long 
boom.  
 

Payload includes seis-
mology spike and 
GCMS spike, each fo-
cused on its unique 
goal. A heated tube 
feeds into a compact 
ISS-heritage GCMS in 
the Science Instru-
ments Module 
 


