SHREWSs : STRATEGIC HIGHLY-COMPLIANT ROVING EXPLORERS OF OTHER WORLDS

Introduction

SHREWs are modular, collaborative
rovers for exploring the Permanently
Shadowed Regions (PSRs) of the Lunar
South Pole. These four-wheel drive
vehicles are highly-mobile units that affect
their own extrication from immobilizing
terrain via locomotion mode switch-
INg. Caravans of SHREWSs provide
collaborative deployment and extrication
as a system redundancy. SHREWSs allow
multiple passages Iinto the depths of
PSRs through energy efficient design and
access of solar power along the lit edges
of craters. Concept Innovations enable
geophysical data acquisition required to
scout for in-situ resource utilization (ISRU)
In PSRs.

Concept-of-Operations

1. CLPS delivers modules in transport
configuration to PSR edge, 100 m from
rim of Shackleton Crater.

2. Modules exit lander, expand to driving
configurations, and link to form a caravan.
Solar module stays at rim edge for power
generation.

3. Vehicles unspool via winches to deliver
exploration SHREW(s) to PSR floor.

4. Exploration SHREW detaches from
winch train to explore PSR floor.

5. Exploration SHREW completes
research and returns to winch train for rim

return and redeployment.
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Innovations

Novel mobility concept suited for partially
tethered traverses in PSRs.

Driving Configuration

Novel driving modes & poses via independ-
ent axle yaw control. Front and rear axle roll
degrees-of-freedom retain 4-wheel contact - . * . |
with uneven terrain. 4 R | T~ | _ 4 i i 1V &y, | =

Winch, latching mechanism & end effector
enable multi-vehicle coordination and powe
transfer between units

Expandable mid-frame for push-pull anc . | * .
inchworm locomotion with one additional —— . : 9 ' ' .
actuator aids in avoiding immobilization. :

Mechanical Design

Design requirements derived from BIG Idea specifications, lunar environment, ROS/ our w

Gazebo simulation. =

Multiple locations for instrumentation *round Penetrating
Cameras) along axles or suspend?d from

Autonomous linking arm for physical, electricwnection via copper busbars. Includes
winch for higher slope angle travers

Terrestrial motors sized for 15 ° slopes, winch supEmrts slopes up to 25 °.

TwoO outer b
Radar, Spectrometer, increment/ de

dframe. | R
Yaw angle res [

Controllers protot
caravans) i

Caravan control: First
to be perpendicular to
steering;

Straight-driving modes Turning modes
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Summary of SHREW Parameters on Earth and Moon

Terrestrial Vehicle Lunar Vehicle
NominalMass |18.9 kg 125 kg

Mass with Winch & |21.6 kg 15.3 kg
Linking Arm

Lunar Night

Lunar Day Several Lunar Days

Mass with Payload |22.6 kg (Simulated Load) 13.5 kg(Micro GPR)
15.5 kg (Spectrometer)

Energy Capacity 576 Wh Minimum 500 Wh
Operating Voltage 24-32V DC 28V DC (set by Challenge)

Brushless DC 3-Stage w/ 63:1 gr Custom Brushless DC
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Beta Cloth

Sleeve
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Electronics Thermal
Operating Range
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Cotton Canvas Cover Teflon/Beta Cloth Sleeve; Nylon
and Zephyr Fiberglass Brushes

Layvers e ma
I'me ( Hours)



