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Introduction: Every ten years National Research
Council carries out a “decadal survey” for planetary
science [1]. This survey is the primary input that NASA
and National Science Foundation use to design their
programs of planetary science and exploration. The
recent Planetary Science Decadal Survey recom-
mended to begin NASA/ESA Mars Sample Return
campaign with the first of the three missions called the
Mars Astrobiology Explorer-Cacher (MAX-C). The
goal for the MAX-C rover is to perform in situ science
investigations and collect and cache samples (rock
cores, soil, and atmosphere). The cached samples
would be returned back to Earth by another mission
[2].

We have developed a core drill and sample acquisi-
tion and caching architecture for the MAX-C mission.
The architecture includes a drill with various bits, a
deployment device (i.e. robotic arm), and a cache. The
main advantage of the system is that each core is
housed in individual bits, which are stored in a cache
for sample return. Having individual bits for each core
simplifies the sample manipulation process, adds re-
dundancy to the sampling system, and reduces cross
contamination.

Mars Sample Return Rotary-Percussive Corer:
The core drill employs a low thrust, low-speed rotary-
percussive drilling approach [3]. This enables efficient
cutting of rocks at low power and modest preloads.
The coring bit is a hollow tube with custom-designed
cutting teeth and flutes along the outside of the bit for
cuttings transport. Once a desired depth is reached a
core is sheared and captured by the core break-off ac-
tuator using Honeybee’s patented core break-off tech-
nique.

The drill includes five actuators (Figure 1). The
drill requires <100 Watt to acquire 50 mm long and
10mm diameter cores in hard rocks such as basalt with
strength of 120 MPa. The core acquisition operation
takes less than 10 minutes when 40 Newton Weight on
Bit is applied or approximately 20 minutes using 20
Newton Weight on Bit. The total drilling energy per
core is less than 30 Whr.

The drill weighs 5 kg.
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Figure 1. Rotary-Percussive coring drill undergoing
testing in 120 MPa basalt. The drill can reach 5cm
depth, break-of the core and capture it in 10 min-
utes

Mars Sample Return Architecture: The pro-
posed architecture consists of three elements: (1) a
rotary percussive drill with integrated core break-off
and retention system, (2) a 5-DOF robotic arm for po-
sitioning of the drill on a rock, and (3) a bit carousel
with an earth return cache [4]. The drill acquires and
retains 1 cm diameter and 5 cm long cores. The core,
together with a drill bit, is inserted into an Earth return
cache or a bit storage carousel (Figure 2). A new drill
bit is attached to the drill for acquisition of the next
rock core. Once the cache is full, the arm places the
cache on the ground, to be later picked up by a fetch
rover.

The same drill also uses custom drill bits for brush-
ing and abrading of rock surfaces, for rock powder
acquisition and for acquisition of short cores for in-situ
analysis. These bits are used for rock interrogation



ROTARY PERCUSSIVE CORING DRILL: K. A. Zacny

prior to acquisition of cores for sample return. After
the cache is placed on the ground and primary mission
is over, these bits enable further exploration of the
Martian near subsurface (Figure 3).

The sample acquisition operation may follow the
following steps. First, the rock will be analyzed by
non-contact instruments. If the rock is of interest, the
surface will be brushed and re-analyzed. If the results
are encouraging, the surface will be abraded and ana-
lyzed again (this is the approach currently used on
Mars Exploration Rovers using Rock Abrasion Tools).
If the results on the abraded surface are encouraging,
the core drill can be used to acquire small core for in
situ analysis. This can be followed by a powder acqui-
sition drill. Powder could be analyzed by instruments
such as X-Ray Diffraction or Mass Spectrometer.
Once the results from all the investigations confirm the
rock represent a high scientific interest, the 5 cm drill
bit is used to acquire a 5 cm core. The bit with the core
inside is then cached for return to Earth.

bit (with a core inside it) directly into the Cache. A
new bit is then acquired for the next core.
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Figure 3. Example of the suite of bits that can be
used with the MAX-C drill.
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