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Project Overview

Purpose: To desigh, manufacture, and test a ski-based
braking system for the CRATER Lunar Rover

Our Sponsor
The Canadian Space Agency (CSA) is sponsoring the
project to determine the feasibility of a ski-based braking
system for their scaled down lunar cargo transport rover.

Purpose

Current braking systems may have large amounts of slip.
The purpose of the skis is to allow for a dedicated braking
system that minimizes this slip.

In Scope Out of Scope
e Design and build e Launch scenario loading
e |ntegration with rover e Design of space-grade
e Empirical testing on electronics
regolith simulant

Requirements

Name Requirement Criteria

Rover Mass Rover mass < 30kg

Rover shall be unaffected by or protected

Dust Resilience .
from lunar dust ingress

, Braking system must perform up to
Drive Speed &5y P P

100mm/s drive speed
Minimize Slip Keep slip to within 5% of target velocity
Rover Operating Power Rover must operate with < 50W

Braking system must engage within 10

Engagement Time
gag seconds

Evaluation Criteria

Weights (%)
® Power Consumption (29)
® Mass (23)
Cost (15)
® Braking Force (11)
® Stowed Drag (9)
Manufacturability (6)
® # of Parts (4)
® Compactness (3)

Battery 2

Buck Converter

Potentiomer

Raspberry Pi

Rotary Encoder

Motor Controller

Motor

Final Design

Tilt Motor ~ - Wall Plate
Nema 17 w/ 5:1 gearbox e 1/8" Aluminum sheet metal

Drives ACME 1/4" lead screw e Allows hardware mounting

Weight Support
Mount for weights

Allows CG to shift position
(Used for testing)

Rotation Mechanism
\ e Worm transmits torque to

worm gear

e Worm gear rotates main
strut

e Main strut rotates ski

Base Plate
1/8" Aluminum sheet

Allows hardware

mounting
Rotation Motor
| Wheel e Nema 17 w/ 4:1 gearbox
10" Diameter

. e Drives worm
(Used for testing)

Ski
e 1/8" Aluminum sheet metal
N e Bent edges to stop digging
.1‘.‘\. e Plows regolith to provide
; braking force

Tilt Mechsg
Leao

oint
Ball joint transmits ok

Summary

e Motors controlled with
DRV8825 motor drivers

e Tilt position controlled with
closed loop feedback using
a 652-PTA6043-103 linear

potentiometer

Linear

e Rotation position controlled
with closed loop feedback
using an AS5600 rotary
encoder

e 12V lead acid battery with
12V to b5V buck converter
used to provide power

e Raspberry Pi Pico used as
primary microcontroller for
computation

Ultrasonic )
Sensor

Testing

Test Setup

e Tests done on bed filled with waterjet cutter sand
e Masses attached to cable used to simulate the force
of gravity the rover would experience on slopes

Rover

Test Bed

w/ Sand
— Cable

Pulley

Mass

Test Results

e Tests match theoretical model for regolith plowing
force (as shown in graph)

e Rover was able to achieve full braking within
requirement time, as well as controlled descent with

some oscillations in velocity control

Loaded Pull Test Result R*2=0.90
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rotation 0.5 rad
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rotation 0 rad theory

rotation 0.25 rad theory
rotation 0.5 rad theory

rotation 0.75 rad theory
== rotation 1 rad theory

® Data

= Theoretical
Prediction

Recommendations

e Dust sealing with different flexible materials

e Testing on slope to accurately analyze soil dynamics
e More precise manufacturing to reduce efficiency loss
e Integrated testing with tracks for rover propulsion

e Weight reduction through machining down supports
e Accurate velocity measurement for accurate active

braking control
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