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Introduction: One of the most pressing questions 

in exploration is whether life exists or existed any-

where else in the universe. Water is a critical prerequi-

site for life as we-know it, thus targets for extraterres-

trial life are bodies that have or had liquid water, i.e. 

Ocean Worlds such as Titan or Europa. Due to the 

large radiation fluxes at Europa, or the possibility for 

burial by aeolian sediment at Titan, the search for life 

demands the capability to sample subsurface locations. 

State-of-the-art life detection instruments require a 

sampling system to deliver a subsurface sample to the 

instrument (non-contact instruments alone are insuffi-

cient). A sampling operation normally has four steps: 

1. sampler deployment, 2. material excavation, 3. sam-

ple capture, and 4. sample delivery. These steps have 

to be considered in a context of the entire system rather 

than a stand-alone operation.  

A review of the sampling approaches deployed on 

other bodies show that scoops and drills were methods 

of choice (Table 1). Scoops were used for sampling 

loose materials while drills for competent materials. 

Many adaptations of terrestrial excavation approaches 

and numerous exotic systems have been proposed and 

developed in the past. Yet, rarely can they compete 

with the scoop/drill approach, unless in unique scenari-

os such as the Touch and Go operations that last sec-

onds. We developed dozens of sampling systems: 

scoops, trenchers, rasps, harpoons, piercing blades, 

spinning cutters, clams and others. However, only 

hammer drills solved all the challenges related to exca-

vation, sample capture, and drop off. In addition, drills 

penetrated deeper than other systems and were easily 

scaled up or down to capture a desired sample volume 

from depth. 

Table 1. Planetary sampling approaches 

Mission Scoop Drill 

Surveyor (Moon) X  

Apollo (Moon)  X X 

Luna (Moon)  X 

Venera (Venus)  X 

Vega (Venus)  X 

Viking (Mars) X  

Phoenix (Mars) X X 

Curiosity (Mars) X X 

Rosetta (Comet)  X 

Hayabusa    

We recently received funding to develop a drill-

based Integrated Sampling System (ISS) for Ocean 

Worlds. To date, no sampling systems have been de-

veloped that could successfully deal with a range of 

Europa’s cryogenic materials: ice and salty ice, and 

Titan’s cryogenic materials: rocks, soils, sticky soils, 

and liquids (hydrocarbons on Titan). The ISS will be 

baselined to reach 30 cm depth and capture up to 30 

samples 1 cc each, or fewer samples of greater volume. 

Integrated Sampling System (ISS): The ISS con-

sists of a deployment arm, rotary-percussive drill with 

powder sample acquisition and capture bit, and pneu-

matic sample transfer and drop-off (primary) and gravi-

ty drop-off (backup) as shown in Figure 1. To enable 

penetration into cryogenic material, the hammer system 

will deliver 1 J/blow at 30 Hz. The Weight on Bit will 

be limited to <40 N because of the low gravity and low 

spacecraft mass. The system will include a contingency 

sampler (blue cylinder on top of the drill) which could 

be used to capture at least some loose material and very 

dense liquid. The target mass (including deployment) 

will be 10 kg, the target volume will be 5,000 cc, and 

the energy limit will be 250 Whr (heating of actuators 

not included). 

 

Figure 1. System Components 

Figure 2 shows the drill in deployed position and 

prior to drilling and at depth. Figure 3 shows pneumat-

ic sampler transfer. Gas options incl. compressed gas 

from a dedicated tank (Europa), a compressor or a suc-

tion blower (Titan). Additional cyclone is used to 

dump excess sample onto observation tray. 

In the case of gravity deployment, the bit is placed 

above the cyclone, and the drill rotates/hammers the bit 

to dispense sample. Sample drops, flows through the 

cyclone separator (vibration assisted) and into a sample 

transfer cup. 
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Figure 2. Drill deployed and sample captured. 

 

Figure 3. Pneumatic sample transfer.  

To enable pneumatic transfer, the drill bit is a com-

bination of a coring bit and a full faced bit (Figure 4, 

Figure 5). The coring cutters ensure a bore hole can be 

started even on a steep incline while the full faced cut-

ter ensures generation of cuttings rather than a core. 

Most instruments require cuttings rather than a core 

and cuttings are easier to deal with than a core, which 

can be broken up.  

There are two possible pneumatic transfer modes: 

compressed air/gas and suction. In the compressed 

air/gas mode (Figure 4), a compressor (Titan) or a tank 

of compressed gas (Europa) can be used to generate 

pressure and flow needed to move the sample. The 

carrier air or gas would need to flow through a gas 

swivel, down to the annular space in the bit, exit the bit 

through the circumferential gas injection holes on the 

inside of the auger, loft the sample up the center of the 

drill, and directly into a cyclone separator and into the 

instrument. Venturi effect could potentially improve 

system efficiency. This has been demonstrated under 

PlanetVac project [1].  

In the suction approach (Titan) –see Figure 5, a 

blower would generate vacuum at the cyclone separator 

end as in conventional household vacuum cleaners. A 

suction with ‘vacuum tank’ was used on Venera and 

Vegas mission on Venus. A TRL4 hardware to demon-

strate this sampling approach has been fabricated and 

successfully tested [2].  

 

Figure 4. Sample transfer using compressed air or 

gas.  

 

Figure 5. Sample transfer using suction.  
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