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Introduction: The Mars 2020 mission might be the 

first mission in the Mars Sample Return campaign. In 

2020 the Curiosity-size rover, could acquire rock cores 

with a core drill, and place the cores in the cache. The 

cache would be left on the ground, while the rover 

would continue exploring the planet.  

Since 1999, Honeybee Robotics has been continu-

ously engaged in developing technologies applicable to 

the MSR. In particular, we built several surface coring 

drills, ranging in TRL from 4-6, and ranging in mass 

from 1 to 5 kg [1-5]. We also performed end-to-end 

core acquisition and caching demonstration under 1 

hour, and with less than 20 minutes spent on the actual 

drilling process. The drill used 45 Watts of power and 

25 Newton Weight on Bit [5].  

We believe that the single most important factor 

that should be taken into consideration for sample ac-

quisition and caching is mission risk. Our approach 

was to reduce the risk by implementing a “One Bit per 

Core” approach to returning rock core samples. This 

approach is at the heart of the proposed MSR architec-

ture. However, to make this architecture feasible, we 

also developed a number of critical technologies relat-

ed to core breakoff, bit designs, and caching. 

The proposed architecture consists of a 1) Rotary-

Percussive Core Drill, 2) Bit Carousel, 3) Cache, 4) 

Robotic Arm, and 5) Rock Abrasion and Brushing Bit 

(RABBit), which is deployed using the Drill. The sys-

tem also includes PreView bits (for viewing of cores 

prior to caching) and Powder bits for acquisition of 

regolith or cuttings. The architecture uses One Bit per 

Core Approach. The total system mass is 32 kg. 

One Bit Per Core Approach: The reduction of 

mission risk was chosen as having greater priority than 

mass or volume. For this reason, we selected a “One 

Bit per Core” approach (Figure 1). The enabling tech-

nology for this architecture is Honeybee Robotics’ “ec-

centric tubes” core breakoff approach [1-4]. The 

breakoff approach allows the drill bits to be relatively 

small in diameter and in turn lightweight. Hence, the 

bits could be returned to Earth with the cores inside 

them with only a modest increase to the total returned 

mass, but a significant decrease in complexity.  

Having dedicated bits allows a reduction in the 

number of core transfer steps and actuators. It also al-

leviates the bit life problem, eliminates cross contami-

nation, and aids in hermetic sealing. An added ad-

vantage is faster drilling time, lower power, lower en-

ergy, and lower Weight on Bit (which reduces Arm 

preload requirements). Drill bits are based on the 

BigTooth bit concept, which allows re-use of the same 

bit multiple times, if necessary [4]. 

The “One Bit per Core” approach is illustrated in 

Figure 1. Each drill bit is used to acquire a single rock 

core. The core is then sheared off at the base using 

Honeybee Robotics’ patented Core Breakoff technolo-

gy which simultaneously breaks the core and captures 

it within the Bit. Once the core acquisition process is 

complete, the Bit is encapsulated within a sleeve using 

a threaded connection. This particular connection also 

allows for hermetic sealing. All of the encapsulating 

sleeves are housed within the Sample Cache. As rock 

cores are collected, the Sample Cache is gradually 

populated with Bits. Once full, the Sample Cache can 

be removed from the rover body and placed within the 

Orbital Sample for return to Earth. 
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Figure 1. The “One Bit per Core” approach - each 

core is acquired and then stored in individual bits. 

Triage of Rocks: In order to select the appropriate 

sample for earth return, the rock should be thoroughly 

interrogated in-situ. For that reason, our architecture 

includes additional 3 tools: The Rock Abrasion and 

Brushing Bit (RABBit), The PreView, and the Powder 

and Regolith Acquisition Bit (PRABit) as shown in 

Figures 2-4.  

The Rock Abrasion and Brushing Bit (RAB-

Bit): The RABBit uses the same approach as the Rock 

Abrasion Tool on the Mars Exploration Rovers to 

brush and abrade rocks. It creates a surface ~35 mm in 

diameter, weights ~ 360 grams (this can be further op-

timized), and fits within a 30 mm diameter and 55 mm 

tall cylinder. An estimated life of the bit based on the 

RAT-data and increasing the grinding bit volume is 45 

operations in hard rocks and 120 operations in softer 

rocks. 
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Figure 2. The Rock Abrasion and Brushing Bit 

(RABBit). 

Core PreViewBit: The PreView bit acquires short 

cores for in-situ analysis by non-contact instruments 

such as LIBS, Raman, Microscopic Imager etc.  

 

Figure 3. The Core PreView bit allows for viewing 

and triaging of cores in situ with non-contact in-

struments. 

The PrewView Bit has side slots in the break-off 

tube and the auger tube. The bit takes advantage of the 

Honeybee break-off system utilizing two rotary-

systems: an inner rotating sleeve to shear and capture 

the core and outer auger/bit. During drilling, the inter-

nal break-off tube is rotated to open the side slot. Dur-

ing the break-off stage, the inner tube is rotated so as to 

close the side slot (and at the same time shears and 

captures the core). Hence the captured core cannot fall 

out. During the core dispensing stage, the break-off 

tube is rotated to open up the slot. The advantage of 

this bit is that the core can be viewed while inside the 

bit i.e. in a known location. The bit can incorporate a 

BigTooth design for dispensing a core onto an observa-

tion tray [4]. 

Powder and Regolith Acquisition Bit (PRABit): 

The Powder/Regolith Bit can be used to acquire rock 

cuttings during the drilling process (as is done by the 

MSL drill), and it can also be used to acquire regolith. 

Once the bit acquires rock powder or regolith, the 

sample can be either dispensed into an observation tray 

or cached for earth return along with rock cores. Bit 

operation is very similar to that of the PreView bit in 

that there are slots within the break-off tube and the 

auger. When the slots are aligned, the regolith or rock 

powder can flow into the inner cavity. When the slots 

are closed (the inner tube is rotated with respect to the 

outer auger) the powder inside the bit is retained. The 

PRABit has integrated sieves and can either acquire 

particles below sieve size or retain particles above cer-

tain sieve size, depending upon mission requirements. 

If an original, unsorted sample is desired, the bit could 

then dispense a sample having various particle sizes. 
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Figure 4. Powder and Regolith Acquisition Bit 

(PRAB) Collection Positions. 
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Core acquisition and caching: 

http://www.youtube.com/watch?v=aT8q9g_0E04 
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