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Introduction: Mars missions may benefit from sample
acquisition systems under development that are capable of
acquiring samples from the surface, from a few centime-
ters below the surface, from 1 meter below the surface and
from 10 meters or more below the surface.

The SATM: The Sample Acquisition and Transfer
Mechanism (SATM)1 is a highly developed sampling tool
that features interfaces with in-situ science instruments and
sample return containers.

Figure 1: The 1 Meter Deep Drilling SATM
Prototype

A prototype SATM has been developed and successfully
tested at Honeybee Robotics to demonstrate the perform-
ance requirements necessary to meet the ST/4 Champollion
mission goals., many of which could be applicable to a
Mars sampling mission. The SATM has been designed to:

e acquire surface samples, samples at 20 centimeters
below the surface and samples at 1 meter (or more) be-
low the surface, without cross contamination. To ac-
commodate the different sample volume requirements
by each instrument, the SATM is also designed with a
sample chamber that can be infinitely adjusted
from 0.1 cc to 1.0 cc. A newer version of SATM is
being planned for development in FYO1 in collabora-
tion with the JPL Exploration Technology program,
where the sample volume will be increased to a
maximum of 50.0 cc. This new SATM will also be
capable of taking a core sample.

e transport and transfer samples to a microscope/IR

spectrometer, chemical analysis ovens, and a sample
return container. For the microscope, the SATM
features a sapphire window through which the
samples in the chamber can be presented for
analysis.

Figure2: SATM Interfacewith OVEN

Deep Drilling Sampler: a Deep Drilling Sampler
(DDS) for use on Mars has been initiated this year by
Honeybee Robotics for the NASA PIDDP program.
This system will be capable of acquiring and ma-
nipulating a stratigraphy maintained sample from 10
meters deep below the surface of Mars. The DDS
technology will be a scalable, low mass (10-25 kg),
small form factor (58cm x 37cm x 13 cm), deep
drilling (5 m in the PIDDP implementation but easily
scalable), core sampling robotic device. The DDS
will be capable of supporting both in situ analyses of
collected samples, as well as transferring of samples
to sample return containers. The DDS samples can
be taken from many depth levels and will always
have its stratigraphy maintained.

Leveraging Mature Sample Acquisition Devel-
opments: The DDS is already quite developed as the
basic drilling technology closely leverages the highly
developed SATM.. Additionally the method of ac-
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quiring the sample, with its stratigraphy maintained is
closely related to the method first advanced by the
Athena Mini-Corer, which is nearly flight ready. '

The DDS Sample Capture subsystem:. The sam-
ple capture subsystem of the DDS is the mechanism
capable of acquiring a stratigraphy maintained sam-
ple. During the development of the Mars Athena
Mini-Corer, technology was developed that allowed
core samples to be taken from rocks. The DDS will
enhance this capability to enable the acquisition of
short cores down to the 10-meter range. Furthermore
the technology will be refined to allow a more com-
plete sealing of the acquired sample so that
unconsolidated samples may be acquired. Under the
PIDDP effort, a breadboard will be developed to
achieve these goals, by putting motors needed for
actuation inside the lead drill string, and by enhanc-
ing the nested tube geometry to prevent loose grains
from escaping the sample chamber. The motors in-
side this lead drill string provide a method of moving
a center-drill/pushrod device used for drilling-sample
ejection and for rotating the shear tube which shears
the sampled core from the base rock and captures it
inside the sample chamber. A key goal is to develop
this technology into as small a form factor (small
diameter drill string) as possible, while still main-
taining high reliability and the strength needed to
shear cores from strong rock.
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Figure 3: A copy of the existing Champollion/ST4
SATM prototype will be modified into a Robotic Drill
Tower capable of accepting drill string segments.

To Reach 10 Meters Below the Surface: Deep
drilling will be achieved by using multiple drill
strings (segments) which can be autonomously attached
to one another during drilling, and then detached during
extraction. Instead of a tall drill tower with a single long
drill string attached, a much smaller device will be created
which will be able to use many smaller drill string seg-
ments. This segmented approach allows deep drilling to
take place from a small, low mass device. . To enable this,
a drill string feeder is being developed to present the indi-
vidual drill strings to a robotic drill tower.

Miniature Samplers: Additional miniature sam-
ple acquisition systems have been developed by Hon-
eybee Robotics under a NASA Phase I SBIR award.”
They include:

¢ A miniature penetrator that is ballistically fired from a
rover or lander. The miniature penetrator is tethered
to a rover or a lander. Retraction of the penetrator ac-
tivates a sampling mechanism that captures a sample
at the furthest depth penetrated.

e A miniature inchworm sampling system that is de-
ployed from a rover or a lander. This system employ-
ees an inchworm locomotion technique for subsurface
travel.

e A telescoping sampling system is highly compact in
the stowed condition but extends to the surface to ac-
quire stratigraphy maintained cores.

Figure 4: Miniature Penetrator Sample
Acquisition System
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