FINAL PRODUCT BREAKDOWN

TEAM: 20F11 NAU Psyche Exploration Robot

Due Date: April 23, 2021

Provide several pics of the completed system here:

Figure I. Angled View of Small-Scale Model standing in “tpose” position

Figure II. Front View of Small-Scale Model standing in “tpose” position
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Figure II1. Image of Small-Scale Model walking on laminate surface
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Figure IV. Image of Small-Scale Model walking on gravel
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Figure VII. CIose- View of Full-Scale Leg Model claw

The following are the Action Items each person completed between Hardware Review 2 and the
completion of the final product:
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Team Member: Isaac Anderson

Action Item C Date Result/Proof of Completion
ompleted

Finish programming walking 4/3/21 Finished working through the angles at which the servos

sequence for the small-scale rotate, trial and error. Found the angles that provide the

model. most stability to the model, allowing it to run through the
walking sequence. Videos of the small-scale model walking
are available in the final presentation (show videos).

Finish testing the small-scale 4/4/21 The small-scale model was tested on laminate, gravel, sand,

model walking on various concrete, and asphalt. The gravel simulated potential debris

surfaces. ridden areas that could be present on the asteroid. The
sand represented finer debris which could also be present
on the asteroid. The laminate simulated potentially slick
surfaces which could be present on the asteroid.

Finish operations portion on 4/13/21 Discussed the primary operations of the small-scale model.

the operation and assembly Discussed the purpose of the walking program, and how it

manual for the small-scale controls the servos. Also discussed how to operate the

model. model (uploading the program to the Arduino and then
running it.)

Finish assembly portion of the | 4/15/21 Provided instructions on how to assemble the small-scale

operation and assembly model, given the various pieces. Provided pictures with each

manual for the small-scale step, to ensure the user has little to no difficulty in

model. assembling the model.

Working on Final CAD Package | 4/16-4/22 Developed drawings for each part of the small-scale model.

and BOM Developed drawing for the full assembly of the model,
included BOM of each part made within SW on the model.
Turned each drawing into a pdf, just need to combine into
one document and order them based on the BOM of the
assembly. Will also include the BOM that incorporates prices
and hardware not designed within SW.

Working on Final Report 4/19-4/23 Currently have finished the concept generation portion,
requirements portion, and benchmarking portion of the
report.
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Team Member: John Dynda

Action Item Date Result/Proof of Completion
Completed

Finished the code for the 04/03/2021 Edited the angles for the servos to perfect the walking

Small-Scale Rover to walk sequence (Specifically to move the servos either a bit more
or less). Proof is in the final presentation where videos are
displayed of the rover walking.

Finished the testing portion of 04/04/2021 Tested the small-scale model with Isaac on laminate

the Small-Scale Rover. flooring, gravel, and dirt/sandy materials. Also tested on
concrete and asphalt, but only have good videos of the
laminate, gravel and sand.

Completed the operations and 04/16/2021 Completed my portion of the assembly manual as well as

assembly manual for the small-
scale rover.

editing the operations portion of the manual. Specifically,
the electrical components portion and editing the entire
document to ensure it had proper formatting and
grammar...

Team Member: Eric “Sean” Sullivan

. Date .
Action Item Completed Result/Proof of Completion
Meet with leg group to 03/27/2021 Attached and adjusted the upper arm segment
assemble
Meet with leg group to 03/28/2021 Drilled bracket holes to mount motor to lower section of
assemble upper arm segment.
Meet with leg group to 03/29/2021 Attached, adjusted and tested the lower arm segment.

assemble

Drilled the motor mount for the wrist joint.
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Print 3d Claw parts 03/30/2021

Meet with leg group to 03/31/2021 Created first bracket to attach the claw motor and secured
assemble the claw in place.

Meet with leg group to 04/01/2021 Issues with bracket. Claw slips off shaft.

assemble

Meet with leg group to 04/02/2021 Redesign claw motor bracket

assemble

Bend wrist bracket 04/03/2021 Gain access to metal break in Rm119. Thank you Perry.

Reprint 3D claw parts at 100%
infill

Reprinted linkages at 100% for claw assembly.

Page 6 of 14



Meet with leg group to 04/04/2021
assemble
Wire the motors 04/06/2021

Testing performed to pick up and move object.

Team Member: Kate Collette

Action Item

Date
Completed

Result/Proof of Completion

Meet with leg group to
assemble leg (28 hrs)

3/27/21-4/4/21

Resized CAD files (0.5 hrs)

3/28/21
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Met with team to detail 3/30/21 ; . e e
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Worked on final 5/4/21 1
presentation for client (2.5
hrs)
: :

* o

Future Work

P— Lrr—

Worked on wiring motor 5/6/21
controller for full-scale
model (1.5 hrs)
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Worked on final 5/7/21
presentation for UGRADs

(3.5 hrs)

Edited video for UGRADs (1 | 5/8/21

hr)
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Worked on Operations and
Assembly Manual (5.5 hrs)

5/11/21-
5/16/21
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Edited draft of final poster
(1 hr)

5/20/21

NAU

NORTHERN
ARIZONA

UNIVERSITY

Mechanica

Abstract

The aim of this project was to design and
prototype a robotic explorer capable of
traversing the hypothesized surfaces of the
16 Psyche asteroid. The propased rover will
house various scientific instruments for
s on the

measuring the surface cond
asteroid. The scope of this project includes
construction of both a small-scale rover to
demonstrate mobility over various surfaces
as well as a full-scale model of one leg of the
rover to demonstrate leg actuation and claw
grip. These prototypes were then validated
through a combination of

n Arizona Un:

Project Goals

+ Design a rover concept that can traverse the hypothesized
surfaces that might be found on 16 Psyche.

- Prototype a small-scale model and full-scale leg model to

validate the full-scale design

Test the models on different surfaces for maneuverability as

well as ability to manipulate objects around the rover.

Design and Testing
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Background
The current NASA Psyche Mission is an orbiter
mission and vl not lznd on 16 Psyche. Ft set to
launch in 2022 and arrive at the asteroid in
2006, 16 Poyche is a urique metalic type
asteroid which may De the remnants of
planetary core. This mission could help us to
further understand planet formation. Howver,
after learning about Psyche from orbit, there
may be scientsts and engineers interasted in
proposing 2 subsequent mission to land on the
asteroid. At thi time, sclentists hypothesize that
16 Psyche could be comprised of surfaces such
as flat metalic, fiat metallic with metal andjor
rocky debris, rough/high-relie metallic andor
rocky terrain, and high-relief metallic crater
walst. The robtic explorer must be 3ble to
traverse each e hypothesized surfaces
The low gravity on 16 Psyche as well as its
distance from the sun could cause further
challenges for the explorer
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Results

The small-scale model was able 1o traverse several substrates effectively.
Despite the slow movement through the loose debris the rover was stil
‘3ble to move through the substrates.

e tesing procedure for the fukscie eg ndudd mmnz up objects
placed in the leg's path and moving pe of testing can
indirectly demonstrate the movement of w.amng, wnien a0 s on
precise placement af the dlaw and ratation of the leg joints.
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Team Member: Jacob Sasse

Action Item

Date
Completed

Worked with leg team to
assemble the prototype.

3/27/21-4/4/21

Redesigned parts of the claw

to allow for easier 3d printing.

3/28/21

Result/Proof of Completion
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Worked on presentation for 5/4/21
client. DV EE BT
Worked with leg team on 5/6/21
wiring and programing the
model.
Worked with team on the final | 5/7/21
UGRADS presentation.
= |
Worked on UGRADS 5/8/21 Recorded the sections regarding the design generation and
Presentation voice recordings. the wooden prototype the team built at the beginning of the
semester.
Worked on operations and 5/11/21-
assembly manual. 5/16/21
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Team Member: Chad Schafer

Date

Result/Proof of Completion

Action Item

Completed
3-27-4-21

= R —
‘——T ;-
y —

Worked on assembly of the
full-scale leg model

5-6-21

Worked on wiring with team

5-7-21

Worked on UGRADS
prestation

5-1

1-5-26

Worked on operations
Manual

5-8-21 Explained éa.ch hsiide. by recording

UGRADS prestation

Completed voice over
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Worked on final report

4-20-21

Updated the final report with all the team's progress.

Read over final poster

5-20-21

NAU
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Mech

Abstract

The sim of this project was to design and
prototype a robotic explorer capable of
traversing the hypothesized surfaces of the
16 Psyche asteroid. The proposed rover will
house various scientific instruments for
measuring the surface conditions on the!
asteroid. The scope of this project includes
construction of both & small-scale rover to
demonstrate mobility over various surfaces
35 well 35 2 full-scale model of one leg of the

Project Goals

+ Design a rover concept that can traverse the hypothesized
surfaces that might be found on 16 Psyche.

« Prototype a small-scale model and fulkscale leg model to
validate the full-scale design.

+ Test the models on different surfaces for maneuverabiltty as
well 35 ability to manipulate objects around the rover.

Design and Testing
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Results.

The smal-scale moel was able 1o traverse several substrates effectively,
Despite the siow movement through the loose debris the fover was Ul
sbie to move through the substrates.

The testing procedure for the fulkscale leg included picking up objects
placed in the keg's patn ang moving them. ThiS type of tesung can
Ingirecty demonstrate the movement of walking, which aiso relies on

rover claw
grip. These prototypes were then validated
through 3 combination of
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