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Introduction: Sample return missions from Mars 

or from comets and asteroids, and delving past the sur-
face ice layers on Mars in search of organics and pos-
sibly life, will require lightweight, low-mass planetary 
drilling and sample handling.  Unlike terrestrial drills, 
these future exploration drills will work dry (without 
drilling muds or lubricants), blind (no prior local or 
regional seismic or other surveys), and weak (very low 
downward force or weight on bit, especially on small 
bodies, and perhaps 100W available)  Given the light-
speed transmission delays to Mars, Europa, and even 
most Near Earth Objects (NEOs) accessible from 
Earth, an exploratory planetary drill cannot be con-
trolled directly from Earth.  Therefore highly auto-
mated operations will be necessary, with the ability to 
safe the drilling system and recover from the most 
probable fault conditions. [1] 

Planetary Sampling Drill Concepts: Several past 
NASA-sponsored development efforts have attempted 
to test different aspects of automated drilling.  The 
Mars Analog Rio Tinto Experiment (MARTE) went to 
a biological analog site with a local anaerobic ecosys-
tem, to test life-detection instruments fed by a multi-
string drill with automated string changeout, sample 
core extraction, handling and curation.  It demonstrated 
fully automated topside operations, but all drilling was 
under direct human control. [2] The Drilling Automa-
tion for Mars Exploration (DAME) project conversely 
went to an Arctic impact crater site (Haughton Crater) 
to develop and test fully hands-off drilling, including 
fault detection, recovery and resumption of drilling, 
without human intervention. [3]  Put together, MARTE 
and DAME demonstrated end-to-end the automation 
necessary for a drilling mission beyond the Moon, with 
conventional rotary-drag drills.   

However, given the presence of likely basaltic 
rocks and ice at the lunar south pole and on Mars, ro-
tary-percussive drills make more efficient headway 
and are faster than rotary-drag designs, at the cost of 
more complexity and the shock-loading of drill system 
components. [4] Shown in Figure 1, the Construction 
and Resource Utilization Explorer (CRUX) drill is a 
rotary-percussive prototype drill that was tested with 
automated controls, also at the Haughton Crater analog 
site, in 2009. 

Objectives – 2009 Field Season: Past tests with 
planetary prototype drills had focused on automation 
for conventional rotary-drag drill designs.  Chamber 
tests with the CRUX drill indicated that it might dem-
onstrate efficiencies in breaking through ice lenses and 

avoiding jams in hard materials, by comparison with 
rotary-drag designs.  Possible use of a rotary-
percussive drill in a future Mars polar lander mission 
required more technical maturity of the CRUX design 
as well as credible operations of both the drill and its 
software controls in a relevant environment.  

 
Fig. 1. CRUX rotary-percussive lunar prospecting proto-

type drill tests at Haughton Crater in July 2009. 

Objectives for the 2009 Haughton Crater tests were 
therefore to test the CRUX drill in frozen impact brec-
cia; to meet or exceed the maximum depth drilled by 
earlier designs (3.2m); to demonstrate the expected 
fault modes of the drill, for use in failure detection and 
automated control; and to compare the required energy 
and downward forces needed to make headway, com-
pared with previous drill designs tested at the same 
location. 

Field Test:For  2009 CRUX field testing, a plane-
tary-analog drilling site was used– someplace with 
subsurface ice (as at the Martian higher latitudes) and 
the broken, depth-graded textures similar to impact 
regolith. The similar morphology, at  an impact crater 
site, was also a plus. The Haughton-Mars Project oper-
ates a research station in the Canadian Arctic adjacent 
to Haughton Crater, on Devon Island, Nunavut at 
75.2N, 89.7W, jointly supported by NASA and the 
Canadian Space Agency.  The Haughton Crater Re-
search Station (HCRS) base provides seasonal logisti-
cal support for up to 40 researchers and staff working 
in or around the 22-km wide Haughton Crater impact 
site during summer months. 

Results: The CRUX drill and automation software 
were deployed to Haughton Crater on  17 July 2009.  
The drilling site was chosen on a massive breccia de-
posit located inside the northwest crater rim [5].  A 
large 3m-diameter dome tent covered the drill and 
support equipment.  A portable generator provided 
power, although the drill itself was constrained to use 
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no more than 100W peak, including both rotation and 
percussion.   

The CRUX drill considerably exceeded in total 
depth all past prototype planetary drills tested at the 
Haughton Crater analog site, reaching 8.2m cumula-
tively over six boreholes drilled.  Figure 2 shows the 
total depth, power, and weight on bit over the course of 
the testing.  Five primary drill hardware faults were 
encountered naturally in the course of drilling.  A suc-
cessful attempt to create bit impingement required add-
ing small 1cm diameter pebbles down the borehole, as 
the hammering motion of the CRUX drill otherwise 
handled the natural breccia clasts and ice.   On the 
next-to-last day of testing, cold water was added to the 
borehole (past the permafrost layer), and covered and 
left overnight to intentionally freeze the drill in place.  
When the CRUX drill was activated the next day, the 
percussive action quickly freed it from its encapsulated 
ice and enabling shaft rotation and further drilling to 
continue.  

 
Conclusions: The CRUX rotary-percussive plane-

tary prototype sampling drill met or exceeded all of its 
2009 test goals.  It did so at lower power levels, with 
less weight on bit, and faster than previous rotary-drag 
drills tested at the same Haughton Crater site.  The 
improved performance of the rotary-percussive design 
justifies its additional design complexity over simpler 
drills, and its ability to match or exceed the perform-
ance of other planetary drill designs under difficult 
analog-site extremes indicate that its maturity level is 
suitable for consideration in near-term planetary sur-
face mission proposals. 
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Fig. 2. Depth, power and downward force applied 

over the cumulative CRUX field tests in July 2009. 
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