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Introduction: Over the past decades, NASA, In-

dustry and Academia have been developing various 

sampling systems for planetary exploration [1-10]. 

Sample acquisition is required for numerous missions 

and especially those seeking signs of present or past 

life, and mapping geologic history of planetary bodies.  

In general, sampling systems can be divided based 

on required sampling depth. Using a log scale to actu-

ally differentiate between sampling systems is quite a 

reasonable approach. Hence the depth categories are: 

 1 cm scale  

 10 cm scale 

 100 cm (1 m) scale 

 10,000 cm (10 m) scale 

 100,000 cm (100 m) scale 

 1,000,000 cm (1 km) scale 

Sampling system has two critical functions: sample 

acquisition (i.e. excavation and capture) and sample 

delivery. It is therefore extremely important to consider 

both of these functions for the mission. Very often 

sample delivery in fact will drive how a sample can be 

acquired. Seemingly obvious excavation and sample 

capture approaches are deemed inappropriate if sample 

delivery also has to be taken into account. The para-

graphs below give examples and current technology 

status of various sampling systems. 

1 cm scale: These systems capture or excavate very 

near surface material. Since depth is quite shallow, 

excavator could have numerus shapes. It could be a 

scoop for loose materials, a harpoon, rotary-brush, a 

saw or double saw, piercing blades (post-hole digger 

style), abrading tool, drills and so on. The exact type 

depends what material will be excavated and what is 

the required sample type. Flight examples include Mars 

Phoenix scoop and Venera drill. New systems in this 

category are mission specific – that is, a system can 

only be developed if a mission profile is known.  

  

Phoenix Icy Soil Acquisition Device with a Rasp bit. 

10 cm scale:  At that scale, it is critical to start con-

sidering excavation energy. Going deeper means more 

material needs to be excavated. If material is loose, a 

scoop could be employed. However, if material is 

competent and hard, the least energy intensive system 

is a drill. The drill bit is long and slim and thus can 

penetrate relatively deep with minimal energy dissipa-

tion into a formation. Flight examples include Curiosity 

drill and Luna16 drill. Examples of current high TRL 

drills include RoPeC coring dril. 

 
RoPeC Coring drill 

100 cm (1 m) scale: These systems have to be in 

the form of a drill (long and slender); otherwise exca-

vation energy becomes extremely high. In very loose 

materials, impact moles such as one on the InSight 

mission could be deployed as well. Flight examples 

include Luna24 drill and Rosetta Philae drill. The 1 m 

scale drills are characterized by having one drill string. 

This significantly reduces drill mass and volume, as 

well as mission risk. Luna24 was a 2 m drill, but had a 

single 2 m coring auger. The currently highest TRL 

drill in this category is Resource Prospector Drill at 

TRL6. The drill can be used on any planetary body to 

capture and deliver samples.  

  
Icebreaker/Resource Prospector Drill 

1,000 cm (10 m) scale: The drilling systems in this 

category are characterized by using traditional 

Oil&Gas drilling approach – they have a carousel to 

feed drill pipes that form longer drill string. The maxi-

mum depth using this approach is highly limited 

though. Auger torque quickly becomes extremely high 
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and cannot be overcomes easily just by increasing drill 

power at the drill head. There are solutions to deal with 

that, but add complexity to the system. Flight example 

includes Apollo drill which was manually deployed by 

astronauts. ExoMars drill also falls in this category 

even though it is rated for 2 m depth (it could feasibly 

drill deeper by adding more drill pipes).  

 
ExoMars Drill 

10,000 cm (100 m) scale: This depth range be-

comes quite significant. To reduce mass and volume of 

the drilling system, a wireline approach needs to be 

deployed. A wireline drill is essentially drilling system 

that is suspended on a tether. To drill deeper, the tether 

is unspooled from a drum. The drill needs to come out 

of the hole every so often to deposit cuttings (which 

can be analyzed). There are no flight examples of such 

a system. The highest TRL drill is AMNH drill at TRL 

4; the system successfully drill to a depth of 13 m. Cur-

rently AutoGopher and Watson drills are being devel-

oped to reach TRL 5/6. Watson drill has integrated 

M2020 Sherlock instrument for analysis of borehole 

while the drill is below the surface (this is a new para-

digm in exploration where an instrument is brought to a 

sample as opposed having a sample being brought to 

an instrument). For ice drilling, Valkyrie melt probe is 

also possible provided sufficient power is available. 

 
AMNH Deep Drill 

100,000 cm (1 km) scale: This depth range (and 

beyond) can be captured as the last category. Drills in 

this depth range need significant surface support. Un-

fortunately ‘clever’ design will no substitute proven 

‘brute’ force approach that requires power and mass. 

Subsurface is an unforgiving environment – it doesn’t 

take much to get stuck. The deepest hole in ice (Vos-

tok) is 3.7 km deep; this took 20 years to complete. 

The deepest hole in the ground (Kola) is 12 km - this 

also took ~20 years to complete. It is therefore safe to 

assume that a deep drilling mission on another planet is 

equivalent to the Apollo program and impossible with 

the current technology level.  

 
How will deep drill look like? 
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