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Generic Sample Acquisition/ * Team In-Situ 

Processing System 

As t e ro i d 
Nanorover 

Titan Aerial 
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Sample Acquisition Technology: * Team In-Situ 

State-of-Art (SOA) Planetary Devices 

Flight Sample Acquisition Devices 
- Robot arms (Viking, SS RMS, MVACS'98, Mars'O1)-operate at 

-45 "C with aid of heaters, CO,/vacuum env, 
None of these devices were ever designed to operate at 
Ven uslTi tan temp or pressure extremes 

- Rovers (nano-rover (no sampling), Mars'03 rover inst deployment- 

Prototype and/or Flight-Like Sample Acquisition Devices 
RA not designed to operate at VenusITitan temp or pressure extremes 

- Honeybee Mars roverauger-operate at -45 "C with aid of heaters, Mars ambient 
atmodpress, 113 g, limited life-no testing ever done at VenuslTitan temp extremes) 

- Self tuning ultra-sonic drill (USD)-operate at Mars ambient conditions-some drilling has 
been done in the lab in -140 "C ice and 300 "C oven but with l imited success 
(i.e., system performed marginally) 

- Percussive penetrator/Micro end-effector (MEE) 
(ESA BEAGLE with MEE micro-corer/sampling device 
has been tested at Mars ambient conditions-no testing 
ever done at Venus/Titan temp extremes) 

- JPL deep percussive penetrator-sample obtained by 
forward motion of penetrator (only lab-tested at Earth- 
ambient temps) 

- JPL cryobotlsonde sample obtained by wicking/passive 
ingestion of melt liquid (lab-testedhestecl in Earth Analog 
environment (Arctic glacier) 



d$J 
Sample Handling/Prscessing Tech nology : * Team In-Situ 
SOA Planetary Devices (Mars-centric Only) 

Viking Mars Beagle-2 Mars 

Rock-hound 

Mars IPSE MVACS MSR03 
98 Athena 

MSROI ComeiYRosetfa 
Lander- 

Device 

Launched 

Lander or 
Rover 

Crusher 

Yes 1 2003 I No 
Yes I NO 2003 No No 

Lander Rover Either nder Lander 

No No Yes No 

scoop, 
Sieve, 
Sensors 

RA End- 
Effector 

Instruments 
scoop Micro-Motion 

Device 

No Carousel 

Sieving / 
Grinding 

Sample Bins 

Storage 

Cleaning 

Sample 
Processing 
With in 
Instrum en t 

Sieve 

No 

No 

No No Sweep 

Sample 
analyzed by 
microscopic 
imager/APXS 

) 

electrodes 

Soil heated 
in chamber 

Micro-corer 
delivers sample 
to oven-sample 
heated/analyze 
volatiles 

Sample inserted 
into port- 
sample heated/ 
interrogated with 
UV spec 

Soil heated 
in chamber/ No 
volatiles 
examined 
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Benefits to Solar System 
g&&- 

’ Team In-Situ 

Exploration Missions 

In-situ samplinglanalysis provides an opportunity to 
engage the public in experiencing the environment of 
Venus, a cometlasteroid, or Titan through surface/ 
subsurface images and data collected at the surface. 

Remote sensing platforms are limited in ability to do detailed 
chemicaVbio assays-scientists need both remote sensing 
data and actual in-situ analysis of surface/sub-surface 
material to get a true understanding of planetary/smalI body 
history and make-up. 

Age dating, stratigraphy, Understanding heating/cooling cycles, 
volcanism (Venus), pristine chemistry are very difficult to do 
at Venus/Titan/smaII bodies, unless in-situ samples are 
obtained and analyzed. 
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Technology Development Plan/Roadmap: ' Team In-Situ 

Strategy and Methodology 
Extreme Temperature Actuators/l ns u lators 

I>, ICCLII,II 

Piezoelectric 

Abrasion, 
drilling or 

corering bit 

2008-Develop Advanced High-Temp Actuators: 
- Ceramic piezo actuators (400-600 "C) 
- Shape memory actuators (400 "C) 

aterials (hydrated salts/ 
oling/heat transfer 

bly driven by mini-RPS)) 

monents: 

ase-change materials (Li-hybrids) 
- Shape memory actuators (>200 "C) 

e material changes at z 200 OC 
anced hig h-temp. materials 

t TitanlSmall Body Components: 

t 
ti 
? 

z! 
0 

-1 00 v 

3 
cn cn 
L Q, - AlNiCo magnets 
a - Molybdenum-based dry 
3 - Si-hybrid enamel film wi 

- NiCractua 

9 -3nn 
as Reauired 
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Technology Development Plan/Roadmap: ’ Team In-Situ 

Extreme 

Strategy and Methodology 
Temperature Sample Processing/Transfer Systems 

2008-IntegratelTest System: 
- Reduce 0.5-cm particulate to 20-1.1 fines 
- Reduce sample temp. by factor of 5 
- Separateltransfer IO-g hot sample to instrument suite 

2005-DeveloplDemo: 

- Analysis of pressure environment 
- End-to-end sample processing chain simulation (sample flow model) 

se-change equations 
pressurelhigh organics 

- piezo pumpshalves 
osmotic pumps - Transfer ice Om in micro-capillary 
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Technology Development Plan/Roadmap: ' Team In-Situ 

Strategy and Methodology 
Contamination Control Systems 

2008-DeveloplDe by Weight Control: 
- End-to-end co control 

processingl cleaning 

ontamination Control 

ultiple chambers vs. single chamber 

adhesion dynamics 

- Mechanical/gas cleaning (e.g., ultrasonic/ vib/gas jet) 

2008-DeveloplDe by Weight Control: 
- End-to-end co control 

processingl cleaning 

eight Contamination Control 

y Weight Control: 

Weight Control: 
on control system 
ssingl cleaning 



Tech no logy Prod LI cts/D rivers S u m mary ' Team In-situ 

Model thermal/dynamic processes (thermal fatigue, 
phase change, surface adsorption) 

Technology Product 

Required to understand how materials/samples behave under 
extreme environmental conditions 

Tech no I og y D rivers 

Sample processing---sample volumetric splitting Required by sample processing system to move controlled 
amounts of sample (by volume/mass) to different instruments 

Design/develop high temp actuators/ insulators ~ Must develop actuators/insuIators which will operate at >200 "C 

Sample handling---precision transfer/manipulation 

Sample acquisition/delivery systems 

Required to enable transfer of sample from planetary surface to 
pressure/temp-controlled storage chamber and instrument 
interrogation chambers 

Must design/develop sampling technology that will function in 
extreme environments and meet severe mass/volume/power 
constraints 

Acquisition/process monitoring and automation 

Contamination control 

Sample processing---expose fresh surface 1 Required by majority of analytical instruments 

Required to accommodate comm delays/real-time fault 
n i  a n age m e n t 

Required by analytical instruments to reduce cross- 
contamination between samples and prevent distortion of data 

Sam p I e processing ---sievi n g , f i I te ri ng 

Sample processing ---f i ne g ri nd 

Sample processing---sample storagehetrieval 

Required by many analytical instruments to control sample 
grain size and/or sample quality 
10-1 00 pm requested by some instruments (mass spec) 

Requires system feature for maximizing potential science by 
allowing multiple instrument interrogation of same 
sa m p I e/sa m p le portions 



Extreme Tem perat u re 

cerm,ic 

Micro-piezo actuator design can be used for rotary/percussive actuation 

Actuators/l ns u lators 

Shape memory actuators for moving material and/or 
providing positional control of acquisition devices 

FY'04 FY '05'07 

Tasks: 
Extreme Heat 

Investigate/characterize actuator/insulator material 
changes that effect operation at >>200 "C 
Identify new materials and/or required cooling 
strategies to keep material in stable regime 
Develop lab experiments to confirm models and 
test limits of materiakooling hybrid system 

Extreme Cold 
Test SOA actuators/insuIators to confirm 
performance-test limitations at -200 "C 

FY '07 -' 09 

Objectives: 
Develop extreme actuation/insulation technologies 
to enable control of sample acquisition devices and 
sample transfer/processing devices at either hot 
ambient conditions and/or with minimal additional 
temperature control subsystems (e.g., phase change). 
Significant consideration must be given to minimizing 
mass/vol u me. 
Products: 
- Prototype actuators which operate at > 460 "C or 

-200 "C 
- Characterization of component failure modes/life 

and whether additional thermal control required 

Funding Profile ($M): 

Milestones to TRL 6: 
FY'04: Investigation/lab test advanced actuator 
designdmaterials and cooling materials (phase change) 
FY'05-'07--Design/fabricate prototype actuators/ 
insulators and test in controlled lab environment 
FYY07-'09--Develop/demo complete actuator/temp 
control system for hot/cold environments 



Kev Products/M i lestones: 

Ultra-sonic tethered 
penetrator 

Sample 
I 

Acqu isi tion/Del 

Ultra-sonic drill mounted 
on rover 

~ Cryobotlsonde showing three instruments in wet/ 
pump bay with internal sample delivery wicking system 

Tasks: 
Investigate sample acquisition concepts for 
Venus/cold bodies, e.g.: 
- U It ra-son i c d ri I Is/mech an ical augers 
- Percussive penetrator/Melting sonde with 

Determine likely configurations that meet flight 
vol u melmasslpower constraints 
Design/develop prototype systems (H/W 
and S/W) 

Validate system performance in simulated 
extreme environments 

micro-wicking (shallow penetration -1 0’s crn) 

ivery Sys tems 
Team In-Situ 

Objectives: 
Develop sample acq u is it ion desig ns/p rototypes. 
Effort includes use of extreme actuator/insuIator 
technology, design/development of sampling 
prototypes (mechanical + electron ics/S/W control). 
Products: 
- Prototype sample acquisition/delivery H/W and 

- Demo of sample acquisition/delivery to 

- Test of system performance/reliability at 

S/W 

instruments 

extreme tem Deratu res 
~ 

Funding Profile ($M): 

FY’04 FY’O5-’07 FY’O7-’09 

0.7M 3M 5M 

Milestones to TRL 6: 

FY’ 04-S ys te m desig ns for hot/col d envi ro n men ts 

FY’ 05-’07-Develop/t es t system com po ne n t s in 
extreme envi ron men ts 
FY’07-’09-Demo prototype integrated system with 
strawman instrument suite 
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* Team In-Situ 
Key Products/Mi lestones: Sample Processing 

Architecture DesignlDevelopment 

FY’04 FY ’05’07 

Sample Transfer Prccesslng System to LanderRover Interface 

FY ’ 07 -’ 0 9 

Corekuttings Piezo-driven 
removal surface 

and storage prep device 

0.5M 

Tasks: 
Mec h a n ical des ig n cons ide ri n g exam ple i nst ru men t 
sample needs 
Aero-platform/rover/lander sample acquisition interface 
design 
Electronic control system design 
S/W architecture design (process monitoring, 
automation , fa i I u re an a I ys i s/fa u It recovery) 
TesVdemonstration of sample processing system: 
- Core removal, crushing/sieving with sample splittins 
- Staged pressurehemp control 
- I ce/l i q u id/d us t separation , f i I t e ri ng , sample s pl it t i ng 

1.5M 3M 

Objectives: 

Develop and demonstrate architectures for sample 
processing and distribution. Effort includes design 
to strawman instrument sample type/ physical 
properties (core, fines, icehquid), aero-platform/ 
rovedlander interface design, automation and 
process mon i tori ng/con t rol . 
Products: 
- Sample process/prep designs 
- Interface designs with possible instrument 

payloads and acquisition platforms 
- Prototype sample processing system 

Funding Profile ($M): 



Key Products/M ilestones: 
Sample MovementlStorage 

FY ’04 FY’ 0 5 -’ 07 

Micro-fluidic circular and linear Ultra-sonic grid showing particles 
fluid transfer traces redistributed evenlv 

FY ’07 -’09 
Tasks: 

Mechanical g ravi ty fl ow/con t rol led sample ret en t ion 
or disbursement and portioning (cores/fines/ 
ice-dust/l iq u id) 
Sample storage (storage of splits, pressurehemp 
control of sample in holding chamber) 
Motion and control (sample presentation to 
instruments included) 
Controlled sample manipulation/sieving to move 
select sample volume/particulate size 
Core/ice sample separation or filtering 
P rot otype/B B system develop men t/demo 

g&SX.- 
* Team In-Situ 

0 b j e c t i ves : 
Develop, test, and evaluate system concepts for 
movement of samples to and from sample processing 
stations, instruments and storage containers. 

Products: 
- Design of hot/coId sample transfer system 
- Develop/test sample transfer system options 
- Integrate/test/demo sample prep + sample transfer 

system 

Funding Profile ($M): 

I 0.7M I 2M I 4M I 
Milestones to TRL 6: 
FY’04-Lab test sample transfer mechanisms to 
establish best options for solids/ice/liquid, e.g.: 

- M EMS/nano-o p tical bench 
- Electrostatic g ridsh ltrasonics 
- Piezo-pumps 
- Micro-fl u idsldoped particle carriers 

FY’ 05-’07-Des ig n/deveIo p sample transfer 
components including sample storage 
FY’07-’09-Test/demo sample transfer and storage 
system for solids/liquids 



Key Products/M i lestones: 
Contamination Control/Cleanout 

FY’04 F Y’ 0 5 -’ 07 

Cross 
Typical core/fines 

processed 

F Y ’ 07 -’ 0 9 

Sweeper system with 
anti-static coating 
on sample wheel 

% - 
mc Cleaning effectiveness plots 

Tasks: 
Model effectiveness of mechanical (vi b/brush), 
gadliquid jetting, surface coatings 
Verification of particle adherence 
characteristics (charge and size distribution) in 
lab 
Ultrasonic vibration efficacy as enhancement to 
mechanical cleaning 
Antistatic coatings on non-conducting surfaces 
Design/test of gas jetting/dilution/flushing 
strategies 

&!%6J- 
‘ Team In-Situ 

Objectives: 

Develop, test, and evaluate system concepts for 
controlling cross contamination to better than 0.5% 
(eventual goal of 0.1 %). Effort will include mechanical 
means, anti-static coatings, gas jetting or flushing. 

Products: 

- Results of contamination control modeling and 

- Demonstration of contamination control 
determination of most effective processes 

technologies in controlled lab environment 

Funding Profile ($M): 

I 1M I 2M I 2M I 
Milestones to TRL 5-6: 

FY’04-Complete modeling of particle adherence/ 
adsorption dynamics 

FY’ 0 5 ’  07-Devel o p/tes t benc h-to p con t am i nation 
control strategies 
FY’O7-’09-Demonstrate capability/issues with 
reaching 0.5% by weight and 0.1% by weight 
con t a m i nation goals 
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