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Two key technology enablers

Single-rod systems
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SELEX GALILEO

Multi-rod systems

Corer tool, developed in CNSR (ESA project)
Sample size d=10 cm, I=100 cm
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Rosetta Mission

Drill and corer tool with shutters, developed in De
Sample size d=12 mm, I=30 mm
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ExoMars Mission

eDri (ASI)
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Rosetta: SD2 /SELEX GALILED

Sample, Drill and Distribution system (ASI)

* Installed on the lander module of Rosetta (mission to Churyumov-Gerasimenko comet)
« Launch 2003, presently in flight, expected landing date 2014

« SELEX Galileo prime contractor

Mass: 4kg mechanics, 1 kg electronics
Penetration depth: 20 to 30 cm
Sample size d=3mm, |=6 mm

Power: 5to 15 W

Carousel and ovens

Drill tool

Rosetta mission artist’s view

SD2 system



Rosetta: sampling sequence
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Rosetta: on-site analysis 7 SELEX GALILED

Main Interfaces to scientific instruments:
e Tapping station for gas evolving analysis
» Optical window for Microscopes optical and IR

Tapping stations Oven sapphire window
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ExoMars: Drill, MA_MISS, Control System SELEX GALILED

» First mission of the AURORA planetary ExoMars Drill characteristics
i Penetration depth: 2 meters
exploration programme of ESA Sample size: d:10mpm a0
Power: 70-80 W

 SELEX Galileo prime contractor for:

 Drill : soil and subsoil sample collection
and delivery to the Sample Preparation &
Distribution System (SPDS)

« MA_MISS (MArs Multispectral Imager for
Subsurface Studies): VIS/IR spectrometer
embedded into the Drill for analyzing the
internal surface of the borehole generated
by the Drill

e Drill & SPDS Control System : electronics
and software to drive the Drill and the
SPDS mechanisms




),

o~

Multi-rod device "7/ SELEX GALILED

» Allows assembling a drill string composed of 1
Drill tool + 3 extension rods (2 meters)

 Drill tool is composed by:
 hollow tube 50 cm with auger thread
o drill tip with polycristalline diamonds cutting head [*=

« sample formation chamber with shutter at the
lower end.

« Extension rods 50 cm each, containing electrical
and optical fibres contacts

« Redundant Drill tool with sample acquisition
capabilities as spare.

* Drill box deployed and positioned by means of a 2
DOF positioning mechanism, with vertical translation,
rotation and jettisoning capabilities
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Drill tool breadboard /SELEX GALILED

Drilling to reach
Sampling Depth Core Cutting

_Central Piston (closing Shutters) |
in upper position

Tens of samples in
various materials (sand,
regolith, red brick, gas
concrete, travertine, tuff,
marble...) taken during
the test campaign

Drill uplift

Core Iiorming
o

Sample Discharge

Drilling configuration Coring configuration
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Drilling and sampling test down to 2 m in laboratory "/ SELEX GALILED
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Test support

Mars subsoil equipment

specimen
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Summary of Drill test results SELEX GALILEDO

A number of different material classes have been so far tested:

» Weak non cohesive (sand like)

» Weak cohesive (regolith like)

» Medium matrix with strong inclusions (like certain types of tuff)
 Medium hard and abrasive (with quartz content)

* Very hard ones (like marble) and in quite different operative conditions

The results so far obtained Parameter Range Remark

support the feasibility of Vertcal Thrust | 10 — 450 N Upper value for hard
the mission with limited

use of resources interms

materials and widely used bit

of needed vertical thrust Advancing 03— =20 Lowest values for marble like
torque and power Speed mm/min material
Torque 1 -6 Nm Upper value for hard material
and widely used bit
Power 70 - 80OW In the worst contition

Drill key performances
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Drilling and sampling test in Mars-like conditions "7/ SELEX GALILED

Temperature -80C Pressure 3 to 10 mbar

Regolith, marble and
red brick samples
collected

A

Thermal Vacuum chamber and GSE Drill and GSE into the chamber
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System level tests: sample delivery to SPDS 7 SELEX GALILED
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Drilling and sample discharge test exercising the p ositioning mechanism

12



),

System level tests: Drill on Rover 7/ SELEX GALILED

Drilling 2 meters depth from Drill breadboard integ rated on Rover breadboard

(Courtesy of Thales Alenia Space Italia) 13



 Down hole science is
performed by means of
MA_MISS spectrometer

« The Optical head is placed
into the drill tool

« The spectrometer is capable
of analysis in the 0.4-2.2 um
band spectrum.

* Images are conveyed to
detector via an optical link
system composed of optical
fibers interfaced with fixed
and rotational optical joints

* [llumination is provided
locally via dedicated lamp

Optical head detail
14



« ExoMars drill system qualification for flight

» Study and development of acquisition and manipulation systems for sample return
mission (Mars Sample Return)

« Mars Surface Sample Transfer & Manipulation
* Bio-containment System

» Study of next generation drill systems  with outstanding performances for subsurface
deep investigation on Mars and Moon (down to 20-30 meters)

e Coll tube drilling
* Mole systems
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Thank you very much
for your attention

Flavio Fusco
flavio.fusco@selexgalileo.com
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