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Introduction 

Purpose of study 
- Define science requirements for Mars in situ 

sample preparation systems 
- Determine PROS and CONS of a common (facility) 

vs. distributed (PI-provided) system 
- Assess required technology development. 

- Mars Landers: 2009 (MSL) through 2020 
Scope 

91 1 6/02 3 



Sample Preparation Options 
COMMON DISTRIBUTED 

Samples 

Facility Prep 

PI Prep 

Ins trum en ts 

Each PI provides their 
instrument and their 
own sample prep. 

Sample Prep done in 
Comments a facility system 

91 1 6/02 4 
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Analysis of Sample Preparation Systems 

In order to decide between common and distributed 
sample preparation, we need comparative analysis - 

This study describes the characteristics and 
constraints of a common system 
- Essential subsystems, flow logic, engineering constraints 
- Mass estimate 
- Technology development program needed 
Separate systems hard to document, since they are - 
100% dependent on PI selection, and their 
strategies. 
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General Common SPAD System Relationships 
Interface 

1 

Sample 
Acquisition 

System 

In t e rfa ce 

Sample Prep and 
Distribution System 

1 Sample Storage 

I Decision I 

I 

(overlad 

SAMPLE MOVEMENT 
91 16/02 6 



Roadmap of Shared SPAD Science Priorities 
(listed in approximate priority order) 

First Decade Needs 
0 

0 

0 

0 

0 

0 

Coarse Crushing 
Splitting (of 
crushed material) 
Purging between 
samples 
Temporary sample 
storage 
Sieving 
Environment control 

Second Decade Needs 
Selective 

Advanced surfacing 
Sample 
preservation 
Breaking, cutting of 
uncrushed rocks 
Fine crushing 
Precision loading 

Subsampling 

Sometime Later: Thin section, Mars H,O filtration 
91 1 6/02 7 



Common System: Mass vs. Performance 

Low Medium High 
Note: Mass is CBE 

91 I 61 02 
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Common SPAD Technology Development 

High 
QI 
0 
LI 

Med 
3 
6 
I- Low 

91 1 6/02 

Expose Rock 

Sizing 
Process Monitorina / 

Surface 

v 

Automation 

Precision Loading, 
Manipulation 

Start in FYI 

Low 

Sample Volume 
Splitter 

Sample Storage A 

I 

FYO3-05 
)4 

Medium 

Coarse Crush 
Sample Movement 
Contamination 

System Architecture 
Control - Mechanical 

Design 

1 Rock Cleaver 
1 Fine Crusher 
1 Selective Subsampling 
1 Sample storage + 

environmental controls 

LEAD TIME REQUIRED 
High 
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Long-Term Considerations 
What can we do in the in-situ program to 2020? 

Given a reasonable technology program: 
- We can develop substantial robotic sample preparation 

capability for missions in the next two decades. 
- However, some MEPAG measurements are dependent on 

sample preparation capability that exceeds reasonable 
expectations of the robotic program 

Given landed missions of the size of MSL: 
- SPAD functionality will be limited by the mass fraction 

that can be allocated to it. 
Increasing complexity in sample preparation will limit in- 
situ sample science. 

9/ 1 6/02 
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What Next? 

The decision on whether to use common or 
distributed sample preparation on MSL needs to 
be incorporated into the A 0  strategy. 
- COMMUNITY INPUT NEEDED ON THIS 

DECISION! 
- PIS need to know this in order to respond properly 

to the AO. 

91 1 6/02 12 





Sample Types/Issues: Next Two Decades 

Mini-core rocks Deep drill 
rock, Long it u d i na I zon i ng 

Regular shape 
Small mass 

Loose scoop samples 
Heteroaeneous - I  Kake, tong 

rocks 
- iiicyuiai aut; 

and shape 
Oxidized rim 

Water 

regolith 
High rate 
potential 

Control evaporation, 
freezing 
Fi I t ra t io n 

Regular 
shape 
High sample 
mass 

Ice I 
Control sublimation, 

Admixed rock? 
melting 

14 
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Example: MSL(A) Ref. Payload /Primarv 
I I 

Instruments designed to look at: 

all rocks Sed. Rocks, Regolith Regolith only 

n I I 
XRF MOD TOFMS Mol 

(200 mg) (7-4g) (20 mg?) f 7g) 

Ir 1 Analysis 

~ 

Note: By-pass needed for fast analysis of regolith 

9/ 1 6/02 

Advanced Analysis Svstem 

V -  

I 

I( Decisions I =PI Instruments 

+Sample flow 
Facility Processing X Routing 



* 
S 
0 

D m  

Longer Term Technology Development 

* * Higher 
I- I 

- 
Q) 
L 1 Fine Crushing 

m 
91 1 6/02 

Lower 

Advanced 
Surfacing 
Splittingkleaving 
rocks 

Precision Loading and 
Manipulation 

Medium 

Autonomous control 
Sample Selection and 

Selective Subsampling 
Cross Contamination 

Management 

Control 

Sample Preservation 
(incl. Environmental 
Con t ro I s) 

LEAD TIME REQUIRED 
Higher 
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