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Introduction: One of the goals of the NASA's 

Mars Exploration Program is to ascertain if life ever 

arose on Mars. To enable this one strategy is to drill 

into ground ice or ice-rich soils and acquire samples 

for analysis. Samples need to be acquired from depths 

greater than any previous mission (>20 cm) where bi-

omarkers might have been protected from the radiation 

that reaches the surface of the planet.  

For the past 8 years, we have been designing the 

IceBreaker mission to search for life on Mars [1]. An 

integral part of that mission is the Icebreaker drill, 

which went through three stages of development. The 

current generation, called the IceBreaker3 is at TRL 

5/6 and weighs approximately 10 kg [2]. 

The IceBreaker Mars Drill: The drill consists of a 

rotary-percussive drill head, a sampling auger with a 

bit and integrated temperature sensor, a Z-stage for 

advancing the auger into the ground, a sampling station 

for moving the augered ice shavings or soil cuttings 

into a sample cup, and a 3 Degree of Freedom deploy-

ment boom (Figure 1). The drill employs rotary-

percussive action, which reduces both the Weight on 

Bit (WOB) and the energy consumption [2, 3].  

 
Figure 1. Components of the IceBreaker Mars Drill.  

To advance the TRL of the drill, the IceBreaker 

drill was tested in the University Valley, Antarctica. 

University Valley is a good analog to the Northern 

Polar Regions of Mars because a layer of dry soil lies 

on top of ice-cemented ground and in some cases mas-

sive ice (depending on the location within the valley); 

the same stratigraphy has been found at the Mars 

Phoenix site.  

The system successfully demonstrated drilling in 

ice-cemented ground and in massive ice at the 1-1-

100-100 level. The drill reached a depth of 1 meter in 

less than 1 hour, while using approximately 100 Watts 

of power and less than 100 Newtons of Weight on Bit. 

These fit well within the resources available from the 

Phoenix-like platform. The bit temperature measured 

by a thermocouple embedded inside a drill bit never 

exceed the formation temperature by more than 10 °C 

demonstrating efficient drilling, and it also never ex-

ceeded the critical temperature of 0 °C, thereby avoid-

ing melting the ground ice, demonstrating the drilling 

software worked as designed.  

The IceBreaker was also tested in a vacuum cham-

ber at Mars pressure, and penetrated to a depth of 1 

meter in both water-ice at -20°C and water-ice with 2% 

perchlorate at -20°C.  

It should be noted that the drill bit temperature 

could also be used to determine subsurface temperature 

with depth, while drilling telemetry could be used to 

determine subsurface strength and identify ice-lenses 

in permafrost.  

Sample Delivery: The IceBreaker follows the 

“bite’ sampling approach, which is analogous to peck 

drilling in machine shop terminology. The drill cap-

tures sample every 10 cm or so, and deposits it inside 

an instrument or sample transfer system (Figure 2). 

This approach has many advantages, including: 1. stra-

tigraphy is preserved every 10 cm, 2. risk is reduced 

(“graceful failure”) – e.g. if a drill gets stuck at 60 cm, 

5 “bites” have been analyzed by then, 3. it allows time 

for sample analysis while the drill is in ‘safe’ location 

(above the hole), 4. it allows subsurface to cool down. 

 
Figure 2. Bite sampling approach. 

Once above the surface, the sample is initially 

stored within the protective auger tube (Figure 3). 

From this point onwards, there are three different op-

tions for sample delivery to instruments: 1) Robotic 
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arm with a scoop, 2) Pneumatic, 3) Drill with a 3-

Degree of Freedom (DOF) deployment boom.  

With respect to the first option, the robotic arm can 

place a scoop underneath the cuttings drop off point 

[4]. Once captured in a scoop, the scoop can be posi-

tioned above the instrument inlet port for sample drop 

off (Figure 4). This sample delivery is similar to what 

has been employed in previous Mars missions such as 

Viking and Phoenix.  

 
Figure 3. To deposit a sample, auger is rotated 

and retracted while sample is brushed off and grav-

ity falls down.  

 
Figure 4. Sample transfer using a robotic arm with 

a scoop.  

The pneumatic sample delivery system uses com-

pressed gas to move the sample directly into the in-

strument (Figure 5). The sample initially gravity falls 

through an open door and into a small chamber. Once 

the chamber door closes, a puff of compressed gas is 

injected from one side, and exits the chamber on the 

opposite, while carrying it entire content. This ‘dusty 

gas’ follows a hose all the way to a cyclone separator 

where it falls down into the cup (instrument). This ap-

proach allows very simple point-to-point sample trans-

fer.  

The third approach uses the drill itself to deliver the 

samples into the instrument. Since the drill is deployed 

using a 3 DOF boom, it can be moved from its position 

over the borehole to a position over a sample inlet port 

(Figure 6). The sample is discharged by rotating and 

advancing the drill with respect to the auger tube. A 

brush attached to the instrument can enhance sample 

discharge. Once sample delivery is complete, the drill 

is moved back into the hole to acquire another sample. 

 
Figure 5. Pneumatic sample transfer.  

 
Figure 6. 3 DOF boom enabled sample delivery. 
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