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A MAXC would have two general scientific purposes:

I At a site interpreted to havhigh potentialfor both habitability and
preservation evaluate paleoenvironmental conditions, characterize
site-specific preservation properties, and seek possible evidence of
ancient life and/or prebiotic chemistry

I Collect, document, and package the samples needed to achieve the
objectives of MSR.

A The instruments needed to achieve the proposed in situ objectives are the
same instruments needed to select samples for potential return to Earth,
and to document their contextMajor Finding from MRSAG.

Outcrop access is fundamental to the M&Xnission concept.

Because our primary lifeelated hypotheses for Mars involve microbial
forms, there is important advantage in reducing the spatial scale of
Investigation from bulk measurements at the scale of cms (as per MER,
MSL, and EXM) to a scale of 100s to 10s of microns.

source: MEPAG (via MIBRG)
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500 kg +
MRR-SAG carefully considered this
400 ka - space and advocated this approach Contact, and Analytical Lah
g / based Astrobiology Payload

Rover
Mass

300 kg +

No Caching; even less

200 kg - Astrobiology Payload

100 kg +

0 kg

Science Value
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e MAX-C Payload Concept JPL

Mast
A Morphology, context
A Remote mineralogy

MAX-C rover concept based on strawman payload
suite consisting of ~15 kg of instruments and ~55 kg
of payload support (i.e. coring/caching/arm/mast).

Rover Body

Secondary Objective
A Atmospheric pressure

Rock and Sall
Interrogation

Robot Arm
A Rock abrasion tool

Select targets and establish context

© O

Sample Caching

Micro-Mapping Package
A Microscale visual imaging
A Microscalemineralogy imaging

A Microscaleorganic imaging
A Microscale elemental chemistry imaging

Sample collection, encapsulation, and
caching Systen(Location TBD)

Bulk Rock (if above is not acheivable)
A Bulk elemental chemistry
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- Sojourner

*Artistds rendering
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Major Mission/Spacecraft Attributes

Science Capability Remote and Contact Science (Color stereo imaging,
macro/micro-scale mineralogy, micro-scale organic
detection/characterization, micro-scale imaging)
Coring and Caching Rock Samples for Future Return

Mass Allocation (Launch/Entry/Landed) 4025/ 3300/ 975* kg
Launch Vehicle (Baseline) Atlas V 531
Power/Energy per Sol Cruise: 1250 W Solar Surface: ~1600 WHrs/sol Solar MAX-C delivered by a derivative

of the MSL Cruise/EDL system
Cruise ACS Stable Spinner (MSL Design) (cruise stage not shown)
Entry Vehicle Diam. / Parachute Diam. 45m/21.5m
Landing System Skycrane throttled monoprop with landing pallet

- Skycrane lands MAX-C
Rover Mast Height / Wheelbase ~1.6m/~15m rover on landing pallet
Ground Clearance/Wheel Diam. ~0.35m/~0.32m
Data Return per Sol (2-week average) ~250 Mbits UHF (W/TGM); MER/MSL-class Xband DTE
Data Storage 32 Gbits
Science Payload Mass ~15 kg instruments
~68 kg including coring/caching/mast/arm
Motor Architecture Brushless i hybrid distributed electronics
MAX-C Rover ~300 kg

Traverse Capability (Design Distance) 20 km (with component maturity-based uncertainty)
Flight Software MSL-based * Artisto
Surface WEB Thermal Range/ Design -40C to +50C / CO2 gap insulation, RHUs, supplemental htrs
Surface Design Lifetime 500 Sols

* Landed mass includes an allocation of 675 kg for MAX-C Rover, Landing Pallet/Structure, and system-level
mass margin plus an allocation of ~300 kg for possible additional payload. Sample Canister On
Mars Surface
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A The size/mass of the MAX Rover compared to MER is driven by a few key
differences in requirements and architecture.

I Avionics/Power Electronics:
A MER Avionics are based on s8ifls technology no longer available in the industry.
A The slightly heavier MAR Avionics are based on higher performing modern available

equipment consistent with industry practice/trend.

I Motor Control (e.g. brushed/brushless, central/distributed):

A MER used centralized control of brushed motors.
A MAXC uses distributed control of brushless motors for greater reliability/testability.

I Solar Array and Battery Sizing:

A MAXC has higher power avionics (higher performance, not as pow&mized)
A MAXC has more challenging operational and seasonal requirements (drive farther, and have

high throughput in all seasons).
I Instruments:
A Compared with MER, a larger and more challenging instrument set is included fe€M#&X
proposed by the MRBAG, consistent with an astrobiology and sample selection objective.
I Coring/Caching and Payload Support (e.g. Arm, Mast):

A MAXC must also carry the tools and equipment necessary for coring and caching samples, anc
the associated arm and mast to support the instruments and these tools.
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Roadmap from MER to MAX-C Mass

JPL

MER
175 kg

Change to MSL
Electronics, Brushless
Motor Control

MAXC
~300 kg

(with component maturity
based uncertainty)
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Adwvionics (+5 kg
Aviot Ctrl (+4 kg)

and Battery

Grow Solar Array

ASolar Array (+3 kg)
Mattery (+5 kg)

Add

Instruments
and Coring/
Caching

Scale up Structure and

Mobility to match
(nearly 2x factor)
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ACorer/Cache (+17 kg)
Anstruments (+11 kg)
Adrm (+20 kg)
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Preliminary Assessment of
Payload Accommodation Mass Sensitivity

JPL

A Payload needs drive the mass of support hardware like masts and arms, and overall

A The table below presents a spectrum of preliminary payload and rover mass driven b
Coring and caching (represented by the proposed MAcapability vs no coring/caching)
Size/complexity of payload (represented by the notional MAPayload vs MER payload)
Tool and contact instrument placement capability (represented by the proposed®ido vs no arm).

A The 300 kg MAX rover concept with notional ~70 kg
payload forms one end of the spectrum:
Mast (10 kg) with instruments (4 kg): stereo imager, near IR line

spectrometer

Arm (25 kg) with tools/instruments (10 kg): migroager, APXS,
Dualwavelength Raman spectrometer, corer/abrader

Bodymounted hardware (20 kg): core handler and cache and

support electronics for magarm-mounted elements.

A A MAXC architecture rover, carrying a ~20 kg MER

payload provides the other end of the spectrum:

CGS -

Mast (11 kg) with instruments (2 kg): stereo imager, IR spot
spectrometer

Arm (4 kg) with tools/instruments (2 kg): miamager, APXS, MB

spectrometer, RAT

Bodymounted hardware (2 kg): support electronics for mast
/arm-mounted elements.

11/5/2009

"For Planning and Discussion Purposes Only"

Approximate Payload plus Support
Mass/ Rover Mass *
With Without
Coring/Caching | Coring/Caching
MaxX-C | MER Max-C | MER
Payload | Payload | Payload | Payload
45 k 30k
0 Arms 6 5 25 kg 15ke
250kg | 230kg | 220kg | 190 kg
70 50k 35k 20
1 Arm e & & e
300kg | 270kg | 240kg | 200 kg
/1 =T
MAX-C Rover

MER Rover cast in MAX-C architecture

* All masses contain a component
maturity-based uncertainty factor 9
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A Several technology efforts have developed coring capabilities in the past several years,
including ATK, ASI, JPL, and Honeybee Robotics

A Twoflightl i ke corers were developed by Honeybee
and CAT (for MSL). Further developments are required to satisfy ND-SAG requirements

Mini Corer CAT Designed for MSL

JPL Sample Transfer
Concept design

Recent Studies:

A ND-SAG coring requirements have been used to
develop four independent concepts for sample
acquisition and encapsulation by ATK, ASI, JPL,
and Honeybee Robotics

A Feasibility of these concepts are being assessed

Percussive coring from |
a FIDO class rover

10
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Sample Acquisition Concepts
ASI, Honeybee Robotics, ATK, and JPL

JPL

Robotics and Control of
Sampling (RoCS)

Tool Deployment
Device (TDD)

Sample Acquisition
Tool (SAT)

Sample Handling
and Caching (SHaC)
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