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Introduction: PlanetVac is a revolutionary tech-
nology for acquiring and transferring regolith from
almost any planetary body to instruments (for in situ
analysis) or sample returned container (for sample re-
turn missions) [1-4]. PlanetVac uses a robust and dust
tolerant pneumatic approach, similar to traditional
pneumatic based powder delivery technologies used on
Earth. The main difference is the sources of gas:
PlanetVac uses a standalone gas canister to provide the
working fluid (Figure 1).

The range of instrument types and mission goals
has driven complexity of sample delivery approaches.
Some instruments require 50 micrograms of sample
delivered into small cups (GCMS), while others want a

5th leg/boom). It is connected to instruments or sample
return containers via a pneumatic transfer hose. The
exact location of the instruments and sample container
is irrelevant since the transfer hose can be routed
around other systems.

Figure 2 shows operation of PlanetVac. The gas
jets inside the sampling head are pointed down to
sweep and loft regolith into a transfer tube. The cap-
ture system separates the sample from the flow and
delivers it to the instrument. Sample collection occurs
in a matter of seconds after single valve opening com-
mand. As a result, total power draw is virtually non-
existent given the brief operation. In addition, no oper-
ator in the loop is required for collection.
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with non-cohesive or cohesive materials (the latter
materials have been the most difficult to deal with on
prior missions, especially in low gravitational fields).
PlanetVac: PlanetVac, in the baseline design, is at-
tached to a footpad (or footpads if more than one
PlanetVac is used) of a lander or deployed (e.g., using

Figure 2. PlanetVac sample acquisition and cap-
ture.

The main advantage of the pneumatic transfer is
that the point of acquisition and point of delivery can
be anywhere on the spacecraft. Unlike scoops de-

Parameters

Robotic arm and scoop PlanetVac

Mass, Volume, Power High
Cost, Complexity High
Sampling time Hours — Days
Relies on gravity Yes
Works with sticky sample? No
Can easily meter out? No
Kinematic flexibility No

Ability to sample >1 location Yes No
Sample size High Small

Figure 1. PlanetVVac vs Robotic Arm sample delivery.



mailto:zacny@honeybeerobotics.com

ployed by robotic arms which are constrained by kin-
ematic position of the arm and the location of instru-
ments, pneumatic transfer lines can instead be routed
around potential obstacles. As such, sample acquisition
hardware can be placed where it is best for sample
acquisition, and instruments can be placed in the best
location for performing analysis.

Blue Ghost mission: PlanetVac has been selected
as part of the NASA Lunar Surface Instrument and
Technology Payloads (LSITP) program to fly to the
Moon’s Mare Crisium in 2024 onboard Firefly Blue
Ghost lander. It consists of four main systems: Sam-
pling Head, Sorting System, Transfer Tube, and Avi-
onics (Figure 3). Figure 4 shows inside view of the
Sorting System. The system includes two chambers
with a screen between them, and several material cou-
pons to test regolith adhesion.
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Figure 3. PlanetVac consist of Sampling Head,
Sample Sorting System, Transfer Tube (not shown),
and Avionics.
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Figure 4. Sorting System includes several coupons
that will be used to determine dust adhesion.

Figure 5 shows PlanetVac being deployed using a
5th leg (a boom) underneath the lander. Upon a com-
mand, the 5™ leg will be deployed and it will actively
preload PlanetVac against the surface. A burst of gas
will be activated to aloft regolith into the Sorting Sys-
tem for inspection by a camera.

The system, in nominal operation, should require
minutes to accomplish its baseline tests.

Figure 5. PlanetVac will launch to the Moon as part
of CLPS 19D. Shown is PlanetVac deployed by a
boom (5th leg) on Firefly Blue Ghost lander.
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