






• The SEP bus becomes the lander
• A long deployable boom keeps the bus protected
• Supports a capable penetrating science payload
• Emphasis on 0.1-1 km NEOs à can eliminate the need 

for chemical propulsion à long mission lifetime









• Lightweight boom is sufficient to support free-fall (1-10 cm/s) landing stresses
• The spacecraft mass (~75 kg) enables slow inertial penetration
• Low impact velocity and high momentum = buried instrument suite

Initial design point: 
extremely lightweight 
truss (Orbital-ATK) 
withstands 180N loads.



• SEP thrust exceeds surface gravity of a small (<1 km) NEO
• In principle, can avoid the use of chemprop systems

Example: dual rendezvous 
based on 75 kg (wet) 750W 
MicroSurveyor (JPL)



Goals Measurables Observables Payload Capability

Volatiles & 
Organics

Bound and free water 
content in the regolith

Abundance of H2O 
ice in the regolith Gas Chroma-

tograph
and Mass
Spectrometer

(GCMS)

Collector to 
acquire volatiles 
and organics 
from >30 cm 
below surface

Spatial and chemical 
distribution of 
identified organic 
species

Abundance and 
composition of 
carboxylic acids,
PAHs and amino 
acids

Seismology

Seismological 
properties of asteroid 
and local regolith

Seismic reflections 
detected for >1 
minute

•Geophone
• Thumper
• Vibrators
• Accelero-

meters

• Camera
Imaging

Sensors buried 
to >30 cm depth 
into seismically 
competent 
material

Navigation

Regolith response to 
tactile forces, 
compactions, vibrations 
and jolts

Landing/takeoff
forces and 
accelerations

Vibration response

Penetration depth



• GCMS. 

• Seismology. 



Target Requirement Probability
First asteroid target must be 
primitive (B, C or D)

Certain; many candidates

Regolith bed at least 1 m deep 
exists somewhere on the 
asteroid

Almost certain for NEOs >100 
m diameter; can be verified 
by groundbased IR/radar

Clast sizes <30 cm in the 
target footprint (dust ponds, 
gravel beds are ideal)

Unknown for the smallest 
(~50 m) bodies considered;
almost certain for 0.3–1 km

Regolith cohesion < 10 kPa in 
the target footprint

Could be greater if ice-
cemented materials 
(unlikely), or as low as 10–100 
Pa

Surface g < 0.3 mm/s2 for 
gentle landing and to allow 
SEP-powered escape

Certain for <1 km diameter

Any asteroid
~0.1-1 km will do





Risk Likelihood Impact Mitigation (study effort)

Spike tip breaks Low
Medium/
Severe

Explore penetrator materials/designs; develop
failsafe mode for immediate departure

Boom 
mechanism 
collapses

Low Severe
Obtain engineering copy early to begin 
exhaustive testing

Bus and arrays 
encounter dust Medium Medium

Design preprogrammed auto-depart 
sequences and status monitors/cameras

Wobble of 
spacecraft High Low

Develop one-minute science acquisition 
strategies; model in detail

Spikes 
encounter big 
boulder 

Medium Medium
Design mission to low-TI targets; develop 
algorithms to survey for buried rocks

Spacecraft 
cannot extract Medium Medium

Develop event sequence using vibrators and 
thumpers and springs to get clear.

Asteroid lacking 
regolith Low Medium

Attempt landing in area of lowest thermal 
inertia; use thruster to increase penetration



Questions?
Comments/Opinions/Advice?


