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COSMIC Challenge Objective

* Our objective is to develop a wire-bending system capable of
feeding, straightening, bending, and cutting wire to generate
trusses, lattices, or frames.




Operation Overview

- »E - = -

* Wire feed: Wire must be fed from the spool.

* Straightening: Preprocess the wire remove curvature from being
spooled.

* Bending: Form the wire into the desired module.
* Cutting: Separate the feedstock wire from the produced module.

* Fastening: Close the module i.e. join the open ends and join
connecting points.




Wire Bender Isometric View

Design 1.0 Design 2.0




Fastening
Considerations

* Integrated Staple
* Spot Welding

* Wire Knot

* Fastening Die

* Rebar twist




Most Innovative Solution For Fastening

* A standalone wire-die system
capable of coil-wrapping two
produced modules

* The system can wrap around
multiple geometries, no limited to
triangular designs




Feed Stock Material Selected

* 316 Stainless Steel | 4 AWG (0.204”)
* Pros
* High corrosion & thermal resistance
* Ductility for bending operations
e Cons
* Higher mass than 304 SS

* Larger power consumption




Design 2.0 — Current Challenges

Challenges with the design:
* Spoolis left unintegrated.

e Feed mechanism s
unactuated.

* Bending implementis
translationally fixed.

* Fastening absent.



Produced Modules

10



11

Ications

Appl

deal for large space structures.

L]

IS

bender i

Ire

L]

e Thew

Solar array

te reflectors.

tell

lon sa

Icat

Commun




Thank You!
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Appendix
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Evaluation Approach

14

* Concept Alternatives numerical scoring (1-3).
* Criteria are assigned a weight percentage.

* Raw scoring is multiplied by the corresponding weight percentages and
summed for the total score for each alternative.

Scoring Method
Score Meaning
1 Poor / Unacceptable
2 Acceptable
3 Optimial




Key Trades - Feed

Operation: Feed
3 Roller WI:llc?er 2 Roller
Criteria Weight Feed Feed Feed
System System System
Size 10% 2 1 3
Mass 10% 2 1 3
Power 20% 2 2 2
Consumption
Thermal 10% 3 2 2
Resistance
Reliability 20% 3 3 2
Accuracy 25% 3 3 1
Complexity 50 5 1 3
Total Score 100% 2.55 2.20 2.00




Key Trades — Straightening

Criteria

Size
Mass

Power
Consumption

Thermal
Resistance
Reliability
Accuracy

Complexity

Total Score

Operation: Straightening

Weight

10%
10%

15%

10%

20%
25%

10%

100%

Drawing
Die

1.90

Multi
AXxis
Series
Rollers

1
2

2.35

5 linear
Rollers

2.45



Key Trades — Cutting

Operation: Cutting
o . . Shear Rotary
Criteria Weight Cutter Cutting
Size 10% 2 1
Fﬁ Mass 10% 2 1
—
Power 20% 2 2
E!i _ . Consumption
Th.ermal 10% 2 1
Resistance
Reliability 15% 3 2
Accuracy 25% 3 3
Complexity 10% 3 1
Total Score 100% 2.50 1.85




Key Trades — Materials
. 316 Stainless Steel | 4 AWG (0.204”) (Winner)

* Pros
* High corrosion & thermal resistance e e .
Criteria Weight 304 SS 316 SS 410 SS
* Ductility for bending operations
* Cons
. Size N/A N/A N/A N/A
* Higher mass than 304 SS
: Mass 20% 3 2 1
* Larger power consumption
Power 25% 3 2 1
Consumption
Thermal 15% 2 3 1
Resistance
Reliability 20% 2 3 1
Accuracy 20% 2 3 1
Complexity N/A N/A N/A N/A

Total Score 100% 2.25 2.75 1.00




Key Trades — Fastening

Operation: Fastening

Wire Knot Integrated

Criteria Weight Wherslate | |zemmie Staple
Size 10% 2 3 1
Mass 15% 2 3 1
Power 20% 3 1 2

Consumption
Thermal 15% 3 3 3
Resistance

Reliability 15% 3 2 2
Accuracy 20% 3 1 2
Complexity 50 5 5 1

Total Score 100% 2.70 2.00 1.85
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: Team Overwew
- S. O LAR.LS.

-'.V'Ve are an undergraduate research gro‘u‘p from the GSU Roboti¢s Club

* Chips on the moon! -




: Executlve Summary
S. O LAR.LS.

What are we trying to solve’?

= There have been efforts to explore manufacturlng microchips in outer space due to how |mportant they are
for space systems; however, this process can be expenswe and we are seeking to flnd ways to improve
current methods. : ,

What are we trying to Implement’?

L We are proposing to use a Fresnel lenses to help capture the heat from the sun to treat t’he m|croch|p ThIS
* method could save a lot of energy as producmg the temperatures for the epltaxy can be hard on onboard
power-supply | ,

Our Solution:

- This method, if done correctly, could save lots of money since we couId manufacture microchips on mass
W|thout worrylng to much about power resource management.



Projected Path

S.0.L.AR.LS.

- DECEMBER 15 *
'~ Finish research
topics

APRIL 6 TH
Plan for Preliminary
Design Review

'JANUARY 5
Finish System
Requirements

MARCH 3

Present Conceptual
Design Review to
mentors

JANUARY 15

Complete Trade
Studies

FEBRUARY 27

,Cdmplete Designs for
Each System



| THANK YOU.







COSMIC Capstone Challenge:
Flash Talks

Project Starch Shield, University of Hawar’i at Manoa:
In-Space Manufacturing of Aerogels
Using a Starch Simulant Lunar Regolith Composite

Students: Avi Rubin, Diarmuid Higgins, Kai Kennedy, Nick
McTurnan, Elizabeth Young, Andrew Lin

Advisor: Dr. Peter Englert

Mentor: Steven Floyd

December 8th, 2025
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SPACE, IS EXTREM
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Isolation.
To Scale



Humanity needs shielding
that is:

Resilient Maneuverable Cost effective Accessible

&
P
2




Team Overwew e s e
From The UnlverSIty of Hawal | at Manoa

 PROJECT STARCH SHIELD:
y ’Kee{wtg Youn Space Settlements Safe and Warm.”

(Sgg;g-eegg'd) (Mc;g;i';_leg%_) ~ Mechanical Eng Electnca.l_ Eng Thermal Eng Computer Eng

"A\’,, Rubin _ Diarmuid Higgins Elizabeth Young  Nicholas ~ KaiKennedy ~ Andrew Lin
McTurnan |



Executive Summary

A
PROJECT STRARCH SHIELD
@ /I \ o

. «-TheProblem: ...~ . e
Space is Extreme.

We need extremely robust solutions.

in order to survive the thermal and
radiation environment. .

. Our Solutlon MR e
Produce cutting edge : starch regollth
Com'p_05|te' Aerogel bricks for use as
'mass-efficient, effectlve passive heat and
radiation shleldlng g

How It Works:
Leveraging automated In-Situ Resource
Utilization & renewable starch for
demonstrably effective high quality
shielding, ready for use on site.




What Is Aerogel’?

¢ One of the Ilghtest
solld materlals

: -Made from a polymer
~gel with the liquid
~ removed leaving

| V'behmd nano bubbles

. .These bubbles |

~_prevent heat transfer

- creating an
extremely effective
insulation while also
leveraging
extraordinary mass
efficiency

' | Lunar Regolith Slmulant
Pure Lunar Regolith  V.S. g _

- -~
(Bliard, C. 2025,

7, 7260.)
Abundant in lunar environment but Requires starch, but offers vastly
Is a comparatively poor insulator  \/ S§. improved insulatory properties,
and can require significant energy and energy efficient production

to form pure solid bricks while still taking advantage of ISRU



Process Flow Diagram - “7-Phase Plan”

The operations that will facilit_éte our capability

Aerogel Manufactoring Steps

Dispense Starch Mix to form Boil/Stir to form Cool/Mix to form Boil/Stir to form Inject/Cool Freeze/Freeze Dry into
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Preliminary Layout Diagram

« Taking advantage of natural cooling, and vacuum (with consistent easy access to power)

Freeze
(uninsulated)

Remove molds

iy and boilin
Mixing lling (uninsulated)

vessel

2nd round
mixing and boiling
vessel




Meeting The Constraints

“Thinking outside the box, building inside the parameters of the locker”

o Pressurized portion of the locker, allow'ing for heating and cooling liquids.

o Utlllzmg the natural vacuum and temp of LEO to drastically reduce energy consumptlon for the freeze and
freeze drylng processes. | *

o E‘mp'loying Induction heating, to effeetively heat and Coel-dowh mixtures.

- (As well as for its suitability for rapid, precise heating of liquids in Sealed‘ containers)

e Use of Raspberry Pi and Arduino Micro-controller units for efficient and precise processes, keeping cost
and space to a minimum.



Projected Path

« Finalize Budgets (Power, Mass, Thermal etc.). . .
To refine the details of the project, we are in active correspondence W|th the

lead author of our primary source paper: Senlor CNRS Researcher
Dr. Christophe Bliard.

(UMR /312/URCA Relms since 1 990)

|  - System R’equirements-ReView (SSR)'
- _  Dr. Christophe Bliard

o Formalize mechanlcal processes communlcatlon and data systems
Develop a rowchart for data handllng & comms ; |

e Continue to refine details of design through Consultation with advisors. .
We have interacted with a systems engineer specialist in the past, and plan to reach out
to see if he would be willing to help refine the project’'s system interaction points.

e Submit Preliminary Design Review (PDR) N

PROJECT STARCH SHIELD
Y / l \ R ———



WHAT'S THE ONLY THING MORE
EXTREME THAN SPAGE?




WHAT’S THE ONLY THING MORE
EXTREME THAN SPACE?

S

PROJECT STARCH SHIELD:




L Thank you f()r your
4 CCSldGI‘athIl




SPACE LOOM

Team Buckeyes

Gco0c/L/et






Cargo Straps

Restraint Harness

Inflatable Habitat

MMOD Shielding Fabrics

w

Gco0c/L/et



PROJECT GOALS

Design a fully automated, space cable weft
insertion system

System:

» Rotating Disc tension control mechanism
* Motorized feed and take-up units

» Rapier weft insertion

» Closed-loop microcontroller control

"3
1 MakeAGIF.com







WHY THIS MATTERS

- Enables on-demand textile production in orbit

- Reduces dependence on Earth resupply

- Foundation for future autonomous space manufacturing






Flashtalk for
SPAMM

Space Printer for Autonomous Manufacture of Mega-Structures

UNITED STATES Team Lead: C1C Nicholas Realuyo

AIR FORCE C2C Gavin Ehrich
ACA D E M Y Last semester contributors:
C1C Giorgio Simoncioni, C1C Ashley Spear, C1C Benjamin Yan,

C1C Stephen Timperly, C2C Grant Stec

Warfighters - Leaders - Critical Thinkers 1



AR iirere: Business Case

What does the future of space look like?
m What's stopping us?
= Launch Constraints!

m What if we easily build in
space instead of putting each
part on a rocket?

m How are we going to do this?

Warfighters - Leaders - Critical Thinkers 2



Ap i Payload Overview

m Space Printer for Autonomous Manufacture of Mega-Structures (SPAMM)

m Wire Fed Laser Direct Energy Deposit (DED)
m Mobility across manufactured parts
m Enable the printer to print structures larger than itself
m Autonomous operation
m Send and print
m Aluminum Alloy

m Reload Capability

m No limit to structure size WircFeeder_____\'%
Re-Solidified Alloy

Laser Head

Laser

Substrate Melting Bead

Travel Direction

Warfighters - Leaders - Critical Thinkers



UNITED STATES

sufficient power,
stable attitude,
correct timing

. J

Jv Part

] Auto-leveling

g-code is relayed Attachment
to payload

No

Seed is
provided?

Yes

(

Laser DED

)

N
A\

\

Printer Head
Movement /
Printer
Locomotion

Z

AIR FORCE . .
Operations Overview

r Command to print ) When needed at

is sent any stage:
\ ¥ J Filament Reloading
/ ™\ [ Part ]
. Detachment
Bus verifies

No

Part

finished?

Yes

[

Reset to
initial

configuration

Warfighters - Leaders - Critical Thinkers



A it Questions

m Please direct any questions to c26nicholas.realuyo@afacademy.af.edu

Warfighters - Leaders - Critical Thinkers
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AIR FORCE ACADEMY

OPR: HQ USAFA/DSX Warfighters - Leaders - Critical Thinkers



THE POWER OF COLLABORATION

COSMIC Capstone Challenge:
Mid Design Brief

AlAA University of South Florida: /=
Telescoping Robotic Arm Manipulatol

-

(TRAM)

~—

-

-

Students: Ethan DeWild, Harshitha Madabhushani, Lucas Birnbrook-
Palm, Matthew Hernandez, Yavuzalp Gulyurdu, Dulce Melendez
Advisor: Dr. Stephanie Carey

Mentor: Richard Nederlander, Molly Sullivan

December 8, 2025




Team Overview
Telescoping Robotic Arm Manipulator (TRAM)

* University of South Florida — American Institute of Aeronautics and Astronautics Student Section

Ethan DeWild ~ Harshitha Madabhushani Lucas Birnbrook-Palm  Matthew Hernandez Yavuzalp Gulyurdu Dulce Melendez

* A compact, extendable robotlc arm designed to perform autonomous drilling, screwmg and bolting
operations essential for future in-space servicing and assembly.

Telescoping Robotic Arm Manipulator



Executive Summary
Telescoping Robotic Arm Manipulator (TRAM)

Our team has designed a payload
meant to fit in an Arkisys Bosons
Locker with the goal of aiding
developers with in-space
manipulation, manufacturing and
assembly.

A flexible, telescopic robotic arm
designed to perform three major
autonomous operations: hardware
drilling, screwing, and bolting. The
system will also be supplied with a
rotating tool holder containing a drill
bit, screw bit, and a socket for the
arm to utilize during manufacturing
performances.

The functions of the robotic arm are
driven by. The tool holder will use a
gear mechanism, powered by a
motor, to allow for the rotation of the
bits.

Telescoping Robotic Arm Manipulator



Electrical Diagram
Telescoping Robotic Arm Manipulator (TRAM)

Extension Axis

— Arm 1 Section1
Joint1 e

Central Thread 1

Tool Clamp Arm 2 Section 2

QONAN

Tool Wheel

OO LY

Under the wheel
Motor

Thread
Connection

Axis 2

Arm 1 Section 2 Motor | Joint 2

Extension Axis

Arm 2 Section 1
Thread 2

Central Thread 2

Main Control Board

Telescoping Robotic Arm Manipulator



Projected Path

* January — February

- Fabricate a small-scale telescoping arm prototype to evaluate compactness, extension ratio, rigidity, and
structural strength.

- Begin subsystem tests on axis control, deployment stability, and preliminary tool-changer mechanics.
* March

- Conduct full prototype testing: extension reliability, stiffness, operational accuracy, and simplified
drilling/fastening demonstrations.

- Refine mechanical design using test data and mentor feedback.

* Late March — Early April

- Finalize prototype performance report, CAD updates, and engineering analysis.
- Prepare demonstration materials for the COSMIC Showcase.

* April 13-17

- Present prototype, findings, and validated design approach.

- Demonstrate deployment sequence and multi-tool functionality at the Showcase.

Telescoping Robotic Arm Manipulator



University of Michigan "’M ISO

Michigan In-Space Servicing Orbiter
C3 Midpoint Flash Talk

December 8th, 2025

Serabi Francis, Ethan Landt, Armita Marpu, Devin Mroz, Jina Patel, Ayush Pujara, Tao Sevigny, Calvin Wong

Advisor: Prof. Aaron Johnson ~ Mentor: Dr. Ed Tate



MISO Team Overview

Michigan In-Space Servicing Orbiter

WS -
v ’
A = ,
Devin Mroz Serabi Francis Tao Sevigny Ethan Landt
g
4’; [

Ayush Pujara Armita Marpu Jina Patel Calvin Wong

“Everything You Need, All in One Place.”

Michigan In-Space Servicing Orbiter

Prof. Aaron Johnson

‘ e
¥

'y

Dr. Ed Tate




Current Situation 9y
e Motivation: # B ;h\

o Enable long term ISAM operations

o  Support future cislunar + Mars infrastructure Fr -+ AL
o Ensures sustainable operations, minimizing space debris / p— o R
o > 2

e Current Industry:

o GEO servicers focused on life extension

o All servicing vehicles rely on resources launched from
Earth

e Industry Gaps: i ':‘1;‘: i o
o No refuel/resupply pathway for other servicers K 24 |

o New GEO servicers are costly + slow to launch

Orbit Fab fuel depot
Michigan In-Space Servicing Orbiter



Delivery to Servicer Satellite Orbit Fab RAFTI Interface

CONOPS =
e MEO orbiting depot to resupply other servicers M&O

e  Targeting GEO servicers LS

e In combined constellation, store: Replacement Modules
o 15,000 kg of fuel
o 1,300 kg of replacement modules and
components
e From one depot at 21,000 km, servicers can
reach:*
o  50% of GEO satellites in 22 hrs
o 90% of GEO satellites in 43 hrs
e  Multi-depot constellation:
o  Atleast 2 depots:
m Servicers can reach 99% of GEO
within 24 hrs of leaving a depot

Ve

A

' Q
e ove gy sevi
: Satellite < Satellit
m  Stationed for optimized delta-v ‘%@ e

m For commercial clients

Michigan In-Space Servicing Orbiter 4

*Assumptions in Appendix



Projected Path

Jan

e Trade studies:

Trade
Studies

o  Fuel storage & transfer
o Robotic arm integration
o  Module storage
o Docking ports
e Design Integration:
o  Subsystem interfaces defined
o  CAD model of system
e Analysis + Validation:
o  Final SWaP estimates
o  Bill of materials
o  Software simulations of desired trajectory

e Conceptual Design Review (CDR)

Michigan In-Space Servicing Orbiter

Feb

Design
Integration

Mar

Analysis +
Validation

CDR

=MISO

(Gadd

Presentation
Prep




*»MISO

Thank you! Questions?

Michigan In-Space Servicing Orbiter



OrbitFab RAFTI Refueling Interface

Michigan In-Space Servicing Orbiter



Orbit Fab Fuel Shuttle Spacecraft

e

5

ﬂ g

> B - \
< .

AL Ll
R
— | - N

/‘

https://www.cnn.com/world/orbit-fab-gas-stations-in-space-scn-spc-intl

Michigan In-Space Servicing Orbiter


https://www.cnn.com/world/orbit-fab-gas-stations-in-space-scn-spc-intl

Orbit Fab Fuel Depot

https://www.orbitfab.com/news/fuel-geo/

Michigan In-Space Servicing Orbiter


https://www.orbitfab.com/news/fuel-geo/

Depot to Asset Time Calculations and Assumptions

° Calculation:
o Impulsive maneuver

o Response time = phasing time + time of flight
o Delta-v use calculated with Lambert’s problem for a given time of flight to use in as a penalty value
o Perigee calculated to use as a penalty value
o Response time + delta-v penalty + perigee penalty is optimized
o Monte Carlo of uniform randomized depot true anomaly and target orbital elements ran to calculated min, max, mean, and percentiles of response time for a given depot altitude
) Assumptions
o Depot:
] Non-eccentric
] Inclination = 0°
o Delta-v constrained to 1.4km/s
u Based on Firefly Elytra delta-v for 100kg payload (https:/fireflyspace.com/elytra/)
o Perigee constrained to 100 km
o GEO satellites
u In ranges

° Altitude: [35776, 357961 km
Eccentricity: [0,0.84]*
Inclination: [0,1] degrees**
RAAN: [0,360] degrees
Argument of periapsis: [0,360] degrees
. True anomaly: [0,360] degrees
u * Based on publicly available satellite catalogue from https://www.ucs.org/resources/satellite-database

[ ** Constrained for problem simplification, further exploration required

Michigan In-Space Servicing Orbiter
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THE POWER OF COLLABORATION

COSMIC Capstone Challenge: %"" -
Mid Design Brief

H2Probe, University of Pittsburgh:f L S
Geosynchronous Xenon Refueling Spacecraft (GXRS).

Ay

[ e —— . T — —

— = \

-

-

Students: Aidan Kleinhenz, Nathan Belcufine, Camden m'i'th, Alex Adams, Arin Magesh, and Mat Tannenbaum
Advisor: Dr. Matthew Barry
Mentor: Anjit Fageria

December 8, 2025




- Team Overview | o - TRD S
GeoSynchronous Xenon Refuelihg Platform

Slx-member team from the UnlverSIty of
Pittsburgh.

~ »Aidan Kléinhenz—'Progrém Director
_ ">Nathan Belculflne Refuellng Lead
".>Camden Smlth Docklng Lead
.>Ari_n Magesh — Chass_is_'l;ead
* > Alex Adams X .GN&Q Lead

»Mat Tanenbaum — Po'w.e'r.Lead

Mat Tannenbaum Alex Adams Arin Magesh

Geosynchronous Xenon Refueling Spacecraft



Executive Summary

Geosynchronous Xenon Refueling Spacecraft

* Spacecraft are often discarded once théir fuel supply runs out, polluting highly used orbits and wasting
launch resources.

* Satellites should be designed to be refuellable, rather than relying on launching replacements or Costly
mission extension vehicles which can only service one client at a time.

- * We propose an autonomous refueling spacecraft capable of supplying supercritical Xenon to satellites that
utilize electric propulsion systems. The system will employ a custom tank interface designed by our team to
enable docking and propellant transfer. Xenon will be stored as a supercritical fluid to ellmlnate active
cooling and cryogenlc compllcatlons while maximizing storage density.

Geosynchronous Xenon Refueling Spacecraft



Projected Path

Docking

* Design 2-part soft-capture system (GXRS & Client Tank) which extends and retracts to guide and
stabilize the target satellite. Once satellites are sufficiently aligned, the docking assembly performs a
controlled “lunge,” allowing the soft-capture mechanism to engage and interlock with the correspondlng
ring on the client satellite. —

* After the two soft-capture rings connect, an onboard fluid transfer mechanism extends and connects to
the client’s fuel tank interface. This mechanlsm will be a Iarge focus of the deS|gn ‘with both a Simulink
and practlcal model likely. ,

* A mockup of the chassis will be created, currently undergoing research into whether existing platforms
could suit project needs. Stress and vibrational analysis will be performed to ensure systems are
protected during launch and docking, and a CAD model to draft the placement of components like the

- refueling mechanism and power systems. '

Design interface and fuel system, then supporting chassis and fuel systems.

Geosynchronous Xenon Refueling Spacecraft



System Overview

Refueling
* Looking into in-orbit propellant transfer methods, P&ID of Interfaced Refuel System
accumulators can be used with a nitrogen pre-
5 A 3 A A-TITANIUM BELLOW ACC. [COPV] F - LATCHING SOLENOID VALVE
charge within a metal bellow for driving pressure. B P GAS OYLINDER

D - INTERFACE I - FLOW CONTROL VALVE
E - HP TRANSDUCER J - CHECK VALVE

* To maintain Xenon at a supercritical state, the client
tank must be pressurized before prop transfer.
Helium can be used for pre-pressurization as an
inert gas, avoiding hindrance of Xenon fuel
efficiency.

e Methodology (Formulating within Excel):

CLIENT TANK

- ldentify target mass transfer (150kg)

2. Utilize Van der Waals EOS Equations to actively PROPELLANT SOURCE
determine pressure ' , ,
5 : REFUELING SYSTEM DIAGRAM
3. Sizing Metal Bellow Accumulator (Xe propellant & Pre- H2PROBE - COSMIC
charge Nitrogen) O O T D

11/10/25

4. Calculating final equilibrium Pressure from ideal gas
mixing equation

Efficient'and safe Xenon'retueling. Geosynchronous Xenon Refueling Spacecraft



THE POWER OF COLLABORATION
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Mid Design Brief ’

Questions?




OSCAR@VT
Project S.H.l.E.L.D
COSMIC Capstone Challenge: Orbital Servicing
A modular GEO servicing spacecraft designed to protet high-value ;;te.llites during gxtrefne CM vents.

. . ' 7 3
- - a %
- - . y
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* S.H.LE.L.Dwillbe contracted by S "41'( d e
clients to shield GEO satellites “"f“ i ance,‘,_:_. Ly
during CME events. -

* For duration of the contract, A g -'*“-' .
S.H.I.LE.L.D maintains 4 km e R
distance during dormancy.

e S.H.ILLE.L.D will close the

distance and maintain line of T e . U -
eclipse at a 5m distance while W w® T e distance.

the CME event is active, then
return to a 4 km distance.




7- Maintain line
3- Rendevous with client's orbit Of. eclipse bfatween
7 client satellite

and the sun for
the duration of
the CME

1- Launch ESPAStar-D 2- Use ESPAStar bus to 4- Maintain ‘C[ “ 4
bus into GTO orbit insert into GEO orbit . 2 ) 4 km distance A
via Falcon Heavy at client sat's neighborhood”/» g %~ from client

5- Recieve advanced

| Jlily \| CME warning from
\ '| NOAA and other 5 6

OSC AR@ VT | associated entities = M ™

ove 1nto
S. H.I.E.L. D \\ position near client
CONCE pT OF CME threats consist of high “é

energy protons and electrons, as well as

OpER ARION S sparse high energy particles




High Level Problem Definition

Significance of Problem: Purpose of S.H.l.E.L.D

 GEO satellites cost ~$200M  Many GEO sats were launched
and operate for 10-15 years. decades ago, not designed for

e CMEs cause: SEUs, latchups, today’s extreme cycles.
dielectric charging, surface * S.H.LLE.L.D intends to serve as a
charging, failure of life extension for GEO satellites
electronics. by shielding against protons,

* In 2023, 47 satellites electrons, and high energy
experienced anomaliesin a particles that would contribute
single storm. to the degradation of its

* Historical failures (ANIK E1/E2, components.

TDF-1, Telecom-2A) led to
months-long outages.

VIRGINIA

TECH.



Value System Design Overview

Objective Hierarchy

S.H.lLE.L.D

I

[
Performance
|

Payload
Performance

Customer Type

Servicing
Performance

Key

# of Clients =
Maximize

Minimize

Power
Required

2 34 ERN] T8 L LU P 1314 1516 1718 19 20 12 23
Client Increasing Mass
Impact

$ per Client

[%@!ESB/"C: VIRGINIA

TECH.



S.H.lI.E.L.D Preliminary Block Diagram

r

| ESPASTAR-D Bus L S-H.LE.L.D. !
I

: : I Power Propulsion :

| Power Propulsion | : Solar Array Altitude Control Thrusters |

: 4-Panel Solar Array 5 Ibf Hydrazine Thrusters (4x) : I Primary Battery | L Hydrazine Thrusters (4x) :

I

| 24 Anhr Li-ion Battery (4x) 0.2 bf Thrusters (12x) : : |—- Secondary Battery I !

| | I

| J :: | : | Avionics !

: Communicationa| | Avionics : [ Communications | |- - -| Command & Data Handling System [~ ~ 1=~ :

- - - [
: Uplink System : | Command & Data Handling System |« - - o : +| Uplink System .| Power Management & Distribution System : : bl
. ] |
: [* Downlink System |+ ' L I poyer Management & Distribution System | |1 :: ! Downlink System ._] | ! :
| | | Attitude Determination o
Il |

: Transponder : ]I | Transponder | Control : : : :

' Attitude Control ! : ==

| [t ol S || | [T i

| [ComesrencoCree ]| | o —— | | [ o

| MLI Blanketing | B Cooling ::
| I

P Heating o
I Lo
' D
I o
' I
| I
I

VIRGINIA
TECH.



Shielding Concepts Overview

* 5 Shielding Concepts Ildentified and researched

Graded-Z
H-BNNT
H-CNT
Electrostatic
Magnetic

* Trade Studies are still being refined for down-selection
with the following criteria weights:

Ok OONM=

Minimize Maximize
Shleldlng Stopping
Options I\?ES)S P(()V\Q;;a " | cost ($) Se?ggdd)ary TRL Power
8 (MeV/cm) || Score
Criteria ) 9594 0.0284  0.0229 0.1395 0.4111 0.3356
Weight

VIRGINIA

COSMIC

TECH.



Work Moving Forward

* Finalize shielding material selection (Graded-Z vs. electrostatic).

* Complete subsystem component trades (power, thermal, comms,
propulsion).

* Refine orbital trajectories & proximity-operations profile for CME
response.

* Begin structure + component placement within ESPAStar-D envelope.

* Validate design against mission-level and derived requirements.

* Develop updated mass & power budgets based on selected components.

* Integrate shielding design with CONOPS for deployment + station-
keeping.

COSMIC VIRGINIA

TECH.
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~ Meet the Team

Cade i\_/lay Laith Bader Claire Brandon - - Jacob Bui Justin Wade
BAE/MEM - ' | BAE ' BAE BAE BAE/MEM

BAE — Bachelor of Aerospace Engineering

MEM — Materials Engineering Minor Laser Sintering Robotic Hexapod



Project Overview

_ Laser Sintering Robotic Hexapod

Team AULUNA at Auburn Univer_si_ty IS designing a héxapod rover that will
| aUtonomoust use a laser sintering device to create lunar landing pads.

Sample rendering of an LSRH design

- Astrobotic’s Griffin Lunar Lander

Laser Sintering Robotic Hexapod



Executive Summary
Laser Sintering Robotic Hexapod (LSRH)

* Problem: Dust plumes generated by lunar landers can
damage structures and vehicles on the Moon

 Solution: Buiid dust mitigating landing pads to reduce
plume size and provide stable launch and landing sites

~ * How it Solves the Problem: The autonomous rover will

. utilize lunar regolith to create launch and landing pads

~ (LLPs), while being able to navigate the harsh lunar
surface SR '

Concépt Art of LSRH - Not Final Design

Laser Sintering Robotic Hexapod



1. Arrive from Earth

3. Maneuver to

. 4.Perform Site Survey

2. Deploy from construction site

-the Grifﬁn

®

-+

5. Carry out Sintering
Process -

%ﬁ.’./";iiv -
HHEIREOE '

'".Illi i *




Dust Plumes Could Create “Ultra-FOD”

PFGT, mdotHi» h/D=18, Pamb=680 Pa Timestep = 11600 Simulation Time = ©.0%
Snil: 158 micron spltwres,  Desar T

o oz iilpbod). 775wt qpploseiit

. Regolith parti‘cles come in many sizes, .
and porous/jagged gralns lead to hlgh
abrasion -

=
g

SE=NNWW A0
CRERLTEIER"

- i"’* W\ * Lack of atmosphere allows regollth to be
- [ | Iaunched across pIanetary surface i

'_'OXIdlzed iron Wlthln the regolith can glve

~ electrostatic charges (Cohesion effect)
and could potentially damage eIectronlc
components ; : _

NASA Gas Granular Flow Se_l\_/er (GGFS) Dust Plume Simulation

[1] Lunar sourcebook : a user's guide to the Moon . ' 3
[2] NASA@SC22: Rocket Plume-Surface Interaction Simulations for Moon and Mars Landings Laser Slnterlng Robotic Hexapod



Laser Sintering

BPY amorphous powder

1% thermal cycle
Ar atmos I
10*C/min

* Afiber optic laser with tunable power settings will be used to .
uniformly sinter regolith until annealing temperatures are
met (820 850 °C) [3] | | | L

heating

. Annea'ling treatment allows for the compressive strength of
processed regolith to 'be increased considerably

100,00

Average maximal stress (MPa)

[3] Www.seiencedirect.com/science/article/pii/80094576524005988

Laser Sintering Robotic Hexapod


http://www.sciencedirect.com/science/article/pii/S0094576524005988

* Future lunar and planetary missions will be required to traverse B
steeper, rougher terrain where wheels will reach their limits '

. 'InSp.ired by.the.mover'n.en't of spiders, the hexapod will be well-e_uited
to mount the obstacles of these future missions [6] :

| * The hexapod’s point 'foot contacts create less drag and abrasion
compared to wheels or tracks |mprovmg |ts rellablllty and reS|I|ence
in regohth

s We mtend to- prove hexapod feaSIblllty on a mission W|th simple
mobility requwements

-

s
0 o e

Curiosity Rover Wheel Damage [5]

[4] youtube.comlw_atch?v=6T8NDrmijc
[5] robotics.jpl.nasa.gov/imedia/documents/fmwi-rankin-2022-0225-final.pdf
[6] ieeexplore.ieee.org/document/7536027/

Laser Sintering Robotic Hexapod



What’s Next?

Planned Project Timeline through C3 Outbrief Presentation

8/11/2025 9/30/2025 11/19/2025 1/8/2026 2/27/2026 4/18/2026

_Today

Literature Review: Phase 1 ]
System Concept Review | ]
Literature Review: Phase 2
Trade Study
Trade Study Revision
System Requirements Document
Flash Talk
Bill of Materials
CAD Assembly
Risk Assessment
Prototype Development
PDR
Prototype Tests
Prototype Submission

Outbrief Presentation

Laser Sintering Robotic Hexapod
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C-L'E-AR
Executive Summary

Converting Lunar Environment for Access and Residence

WAR EAGLE
LUNAR TEAM

*Lunar South Pole has slopes emblematic of the nghlands terrain
with roughly 0.2% harsher grades. |

*An Autonomous Rover that utilizes an updated version of Bettemir’s
| [4,] algorithm to_grade-ahead of other Lunar Missions.

*Allows Lunar Bases to have groundwork Iald and m|n|m|ze future
m|SS|on payload sizes

War Eagle Lunar Team



C-L-E‘AR

Overarching Objective

Converting Lunar Environment for Access and Residence > &
it | . | _ | WAR EAGLE
* Device(s) that establisha | ' LUNAR TEAM
favorable geog raphy for a ' Representative Distribution of Lunar Highland Slopes

(Median = 7.6%)
future permanent lunar base.

* Previous Auburn projects
have produced remote
controlled rovers [1][2]

>
(@]
(=
(O]
3
(= 3
()
|-
(e

2.5 5.0 1.5 10.0 12.5 15.0 17.5
Slope (percent)

War Eagle Lunar Team



| * | G EAR
- Executive Summary

5 Co’nvertin‘g Lun'ar EnvirOnment for Access and Residence

Sl e WERIRAGLE
'».° Lunar Structures such as | <l e s GLURAR TEAM

Landlng Pads, Roads and
- Berms will need a Certaln
grade level to begin

. constructlon e

' Good Site choice can

o m|t|gate Ievel of gradlng
requwed butnotaH

[3]

Grading will be'requi'red in order to construct a Lunar Base.

War Eagle Lunar Team



Gantt Chart of Remaining Work

Converting Lunar Environment for Access and Residence

January February March

- Link Budget

MATLAB Sim

- lterative Resizing + MATLAE Sims

Heat Balance

Fower Balance

Prototype Testing and Filming
Cosmic Prototype Submission

' Cosmic Report Submission

WAR EAGLE

LUNAR TEAM

War Eagle Lunar Team
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Overview

* NASA currently wants a power grid with a justification being
"Allows for the deployment of future science loads that do not
need to carry their own power generation .

* Need for charging infrastructure to support future devices

* Lunar dust and harsh conditions creates problems with traditional
physical charging methods



Statement of Work

* Utilizing Armadas Voxels as a base, we will design a modular and scalable
rover charging infrastructure that will generate power, store power, and
charge exploration rovers at mission critical sites such as ISRU excavation at

the Shackelton Crater
* We will be outlining robotic assembly process of charging station.



Roles

Power Flow Battery Thermal Management Outfitting

Inductive Resonance Overall Structural Visual illustrator Robotic Assembler

Charger Design Operations
Energy/Power

Requirement

Power Generation



Operational Time Comparison

* Timeline to compare benefits
of charging station to current
rover operational cycle

* Vipercanonly function when
light is presentto charge its
battery

* Charging station stores energy
for viperto charge from during
darkness

* Perday Roveruptime is 18hrs
(75%)

_ Operational Time

Viper W/O 355.2 hrs per
Charging Station  cycle

Viper W/ Charging 531 hrs per cycle
Station

Legend

Transition point from —_—
light to no light

3Hr
Charging -
Time
Non-operational
Time

Operational
Time

Light Darkness

| I

295 Earth
Days

14.8 Earth Days

Viper Rover Operational Time W/O Charging Station
de

+

Extended Viper Operational Time W/ Charging Station

LR

Operation
Expanded View of Operational Time W/ charging Station

9 Hrs 24 Hrs




ARMADAS Voxel and Assemblers

SOLL-E transports
and places
ARMADAS Voxel

MMIC-| traverses
ARMADAS voxel and
bolts them together




Inductive Resonance
Charging

* |nductive Resonance Coupling is using
an oscillating magnetic field via
transmission coil and receiver coil.

* This couplingis called a inductive
resonance circuit where
power is transferred similarly to the
effect of a transformer.

* Power is transferred through AC then
rectified to charge the rover.

V,

\
/
..—
Y
Se

Power Oscillator
Source

Resonant/
Circuits

A

Rectifier Load




Block Design

Solar Tower




WIRE

Block Design
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Track 4 Alignment — In-Space Assembly / Orbi'rdl Sérvicing' ¥
Wormhole directly supports Track 4 by enablmg safe compllam‘ capture and .
stabilization of uncooperative objects, a ‘core. requirement for future ;
in-space servicing, assembly, and debris- handl:ng archlfecrures

One-Sentence Mlssmn Summqry

-ty :

Wormhole is a soft-robotic . end- effecfor des:gned for orbn‘al serv:cmg
missions to safely capture and sfablllze uncooperahve debns or inactive
satellites. A ¥

® Wormhole B December 2025
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Problem

LEO is increasingly congested with debris.

e  Evensmall fragments travel =7 km/s and threaten satellites.

e  Existing rigid capture systems (arms, nets, harpoons) are heavy. high-risk, and require
predictable target motion.



Key Technologies

AFC — Autodynamic Flexible Circuits

e  Flexible PCBs that bend with the structure
e  Carry power + sensor signals through soft robotic fingers

e  Enable lightweight, embedded sensing = “nervous system" of Wormhole

SMA — Shape Memory Alloy (Nitinol)

e  Wire "muscle” that contracts when electrically heated

Figure I SmallSat 2024 demo system

e  Provides 3-5% strain = curls fingers with no motors



How Wormhole Works

Soft-Robotic Capture Mechanism:

e  SMA-actuated PEI/Kapton fingers curl around objects
e Embedded IMUs + flex sensors measure motion and curvature in real fime
e  Central electronics bay controls SMA drivers & sensor fusion

e  Vision system triggers the capture sequence



https://docs.google.com/file/d/1V90szaLYpTwybcZzrnku9g64jb0L-_2b/preview

Autonomous Toss and Catch Prototype
Demo

Proof-of-Concept Demonstration (2026):

e  Detect a free-floating object using embedded vision
e  Estimate trajectory + trigger SMA actuation
e  Fingers close around a 5-inch balloon

e Demonstrates adaptive grasping. impact damping. and stabilization

Validates the core mechanics of orbital servicing »

a scalable, low-risk approach fo capturing uncooperative debris
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Team Overview

In-space Manufacturing of Carbon Fiber Tubing

*\We are Rats in Space, a team from Texas A&M -
University

“*Qur team consists of 6 undergraduates of
aerospace engineering:

— James Glenn, Hirokuni Kakiuchi, Alison MacKay, Lily
Mikulas, Oliver Roberg-Perez, and Aidan Timofte

*We wish to create a Conceptual deSign for an
in-space manufacturing process for carbon fiber
tubing '

Carbon Fiber Tubes In-Space



_ EXecutive Summary

In-space Manufacturing of Carbon Fiber Tubing

« Carbon Fiber Reinforced Polymers (CFRPS) are’

increasingly prevalent in spacecraft structures
— Superior stiffness-to-weight ratio is ideal for ISAM

A ‘Simpl‘e_, CFRP beams can'be used to construct
complex truss structures :

'We”.pfopose a small-scale system capable of
manufacturing carbon fiber tubing from constituent
- components 5

* In-space manufacturing of CFRP.components would
allow for larger, more efficient, and more complex
in-space assemblies

Image Source:
https://www.nitprocomposites.com/blog/carbon-fiber-tubes-advantages-disadvantages-and-applications

Carbon Fiber Tubes In-Space



Projected Path

In-space Manufacturing of Carbon Fiber Tubing

*\We have begun a conceptual design that satisfies the constraints and goalé of C3 Cosmic Track 1
*Moving into next year,‘ we plan to finish our CAD design in January, 2026

8 Uhder the Texas A&M Capstone design class, we plan to select components and assemble a physical
prototype by March

Carbon Fiber Tubes In-Space
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Meet the Crew

Structures - Jacob Bustamante, Dominic Escamilla, David Limbert
PP&T - Eliud Garcia, Shawn Lattner, Luke Logan
Computer Systems - Calvin Schroeder

ADCS/GNC - Carson Capps, Juan Pena, Nate Rodriguez
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Background and Motivation

o EX p onen t| a I | y | ncreas | ] g Annual number of objects launched into space i Data

This includes satellites, probes, landers, crewed spacecrafts, and space station flight elements launched into

satellite population in LEO
« Starlink, Kuiper, etc.

- No current/past way to service

satellites in orbit efficiently
- NASA OSAM-1 cancelled

* Projected 50,000+ in LEO
® SPARROW (Spacecraft Platform for Autonomous

Repair Refuel and Orbital Work) 500

* Inclination Target: [50, 71.6]°
° AItitUde Target: [500, 650] km "5 1970 1980 1990 2000 2010 2024

Data source: United Nations Office for Outer Space Affairs (2025) OurWorldinData.org/space-exploration-satellites | CC BY

Note: Where they differ, launch attributions are based on the commissioning country, not the country conducting the operations.

2,500

1,000

“Annual Number of Objects Launched into Space.” Our World in Data,
ourworldindata.org/grapher/yearly-number-of-objects-launched-into-outer-space
?country=~OWID_WRL. Accessed 27 Oct. 2025. 3



Main Payload - Robotic Arm

Rendezvous grappling
Modular end effectors

Universal Robots UR8 Long
- 44.7 kg
1.75 m reach
Modified for in-space use

2




i

Volume Block Preliminary Structure

- Payload compartment is
scalable; structure is
designed as such.

- Payload configurable to
client needs.

- Rough estimate of sub-
assemblies.

]
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Critical Sensor External Layer

Computer/ Critical Electronic Compartment
Storage Compartment

Scalable Payload Compartment

4l
i
i‘
|
\
i
i
5

Hydrazine Fuel Tank

N204 Fuel Tank

Thruster Mounting Layer
Thrusters




Propulsions Structure Concept

Primary Structural Tube

7601t

N204 Fuel Tank

Hydrazine Fuel Tank

Fuel Tank Holding Brackets

1108It

Fuel/Thruster Separation Plate
Thruster Mounting Plate
Thrusters




Comms. & GNC Structures Concept

i

Stereo Camera Relay Antenna

Mono RGB Camera

Pipe Antenna Rx Pipe Antenna Tx




Comms. & GNC Structures Zoomed

i

LNA

SSD
NVIDIA Jetson AGX Orin CMCube
Hybrid Coupler RF Switch
SCR-108 Transceiver

TR200 Transceiver
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Pose
Sensors]
(RPO
only)




Basic External ADCS Architecture

i

Sensor Legend:
I Star Tracker

Sun Sensor
Il Magnetometer

GPS Receiver
I RCS Thruster

Notes:

e Scale exaggerated for visualization
e Internal components (IMU, Reaction
Wheels, Magnetic Torquers) not visualized
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Estimated Cost Table (Pt 1)

Pm, Input Data RDT&E CER" SE
Component Range (FY0OS$K)
e Leverage (old) SMAD T =
_ 1.1 IR Sensor aperture dia. (m) 02-12 356,851 X058 |53 5501
Table 20 4 1.2 Visible Light Sensor aperture dia. (m) 02-12 128,827 X058 | 19,3381
1.3 Communications comm. wt 65-385 3533 X 51
o X parameters based on e e s T
. + 2.1 Structure structure wi. (kg) 54-392 157 X083 38
estimates + known — e e
- .1 X,0.810 X,,0.843
component masses o et | oM |MEBEEXEEE]
2.3 Electrical Power System X, = EPS wt. (kg) 31491 62.7 X, 57
(EPS) X, = BOL power (W) 100-2,400 | 263 (X, Xp)0712 | 38
2.4 Telemslry, Tracking & TT&C/DH wi. (kg) 12-65 545 X0.761 57
Command (TTAC)/DH#
2.5 Attitude Determination & ADCS wt. (kg) 20-160 464 X0.887 48
Control Sys. (ADCS)
2.6 Apoges Kick Motor (AKM) “A:Kor;«) 81-968 17.8 X0.78 =
9
3. Integration, Assembly & Test | spacecraft bus + payload 2,703 - 989 + 0215 X 46
(IA&T) total RDT&E cost (FY00$K) | 395,529
4, Program Leve! spacecraft bus + payload 4,607 - 1.963 X0841, 38
total RDTAE cost (FY00$K)| 523,757
5. Ground Support Equipment | spacecraft bus + payload 24,485 - 9.262 X0.842 34
(GSE) total RDT&E cost (FYO0$K) | 581,637
6. Launch & Orbital Operations NA 1
Support (LOOS)




Estimated Cost Table (Pt 2)

~32 million in RDT&E

costs

COTS increased by

20% for integration

costs

Falcon 9 launch cost

not factored in

o Adds ~$70 million
per launch

i

Parameter X RDT&E CER | RDT&E Cost
Cost Component (unit) X Input (FY25 $K) (FY25 $K)
1. Payload
1.1 UR8 Long (x2)| COTS cost ($) 65517 2542 X 157.24
2. Spacecraft
21STR weight (kg) 150 157 X*.83 15071.16
2.2 PROP LAE wt. (kg) 19.04 17.8 X775 0.97
X1=POW wt.
k
23 POW (kg) 150 62.7 X 14.11
X2 =BOL 2.63(X1
power (W) 7500 X2)»712 80.25
X1 =thermal
wt. (kg) 75 394 X11.635 9.17
2.3 THM| X2 = spacecraft
wt. + payload 1.1 X12.610
wt. (kg) 65517 X2" 943 800.01
2.5 CDH| COTS cost ($) 76198 12X 91.44
2.6 COMM weight (kg) 35.994 353.3X 12.72
2.7ADCS + GNC| COTS cost ($) 1,841,970 12X 2210.36
Spacecraft bus
+ payload total
3. 1A&T RDT&E cost 1844743 989+ 216X 1483.82
Spacecraft bus
+ payload total
4. Mission Ops RDT&E cost 19931.25| 1.963 X*.841 12159.62
TOTAL 32090.87
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InStellis | Work Organization

Advisor
Michael Kinzel (Ph.D)

Jan Erik Foerster (Ph.D)

C3 Mentor
Zaheer Ali

Materials Handling
Kaylee Kirivong

Integration / Electrical
Vansh Varak

Containment and Cartridge
Design

Team Lead / Testing
Bhumi Hamal

NENNERGEN )

Raman Spectroscopy Analysis
Shiloh Cuffe

UV Curing / Electrical
Matthew Eversole




InStellis | Work Organization

Problem definition

Literature research

Specify requirements

Concept development

/

4 )
Phase 2:
Detailed design and
analysis
- J

f Draft developments and )

sketches
4 N\
Optimization
\\ J
4 N\

Verification with

requirements

-

Phase 3:
Prototype adjustments

\

)

Vs

Materials / Product
selection

~

Adjustments of Printer

Proof of concept

Communication of
results




InStellis | Problem Definition

Current Situation \

Earth to Space Supply Chain

Need for In-Space
manufacturing to support long
term space missions with

mandatory products

» Cost inefficient logistic system

* On-demand supply of products not J

The Future

In-Space Manufacturing
However...
» Limited resources in space
* Unknown effects on material
\ processing and end-product quality /




InStellis | Concept for Solution

K Utilization of in-situ space resources such as lunar regolith to produce products during long term space
missions

» Direct Ink Writing (DIW) of UV-curable polymer-based inks as an additive manufacturing methods for
ISAM

o Low temperature process

o Low energy consumption

o Contact-based process

o Processing of various slurries / inks

\

Camera

Raman probe

- 00O

UV-light
Two-level containment

e L

DIW printer (Prototype), Isometric View DIW printer (Prototype), Top View




InStellis | Constraints

[ Bosun’s Locker ]

K Available volume: \

o 15.75" x 15.75"
x 35.45"
« Payload mass limitation:
o 400 kg
« Peak available power:
o 1000 W

« Sustained available power:

K o 300 W /

| DIW Printer Prototype |

/- Printer volume:

o 12"x12" x 12"

» Control unit volume:
o 8"x10" x 4"

» Expected payload mass:
o 10 kg

« Power supply:

k o 500 W

/




InStellis | Concept of Operations and Capabilities

» Cartridge preparation
o Implement tank for regolith slurry into the system
o Connect to cartridge filling system
o Begin mixing to ensure homogeneous slurry
* Printing
o Adjust desired print settings (if needed)
o Move printing bed into the printing section
Grab and lift the cartridge

Move the cartridge to the printing bed

Dispense regolith slurry out of the cartridge
through mixing nozzle

Move back used cartridge into cartridge storage
o Drop the cartridge

@)

@)

Cross-section of dispensing unit

O

O

= Curing and Analysis Cartridge storage

o Start and stop UV light / curing

o Adjust the UV light intensity

o Start Raman spectra analysis

o Quality inspection acc. to Raman data

o Exchange print bed with processed product

Manufacturing area
(Print, cure, analysis)




InStellis | Design Requirements

'+ | subeyson

4 UV Curing

5 Mechanical

6 Mechanical

7 Integration

8 Data Collection

Curing shall achieve full polymerization without causing deformation of extruded
features.

The system shall include mechanisms to effectively switch and manipulate cartridges
and test beds

The containment wall shall be able to protect the surrounding environment in case of
material leakage.

All mechanical, electrical and software interfaces shall be compatible with one another
and operate under defined universal constraints

All raw data from sensors, measurements, and observations shall be recorded

UV Safety Procedure, UV
Testing, Print Quality

CAD, System Testing

CAD, Environmental Testing

CAD, FlatSat Testing, System
Testing

Exported Data Files



InStellis | Milestones

December: Milestones and
Requirements Matrix

January: UV Light Finalization

February: Bill of Materials

Finalization
March: Part Order and
Installation
April: Final Presentation




InStellis | Final Outcomes

N\
‘ Design Concept of Payload
\

‘ Design of containment for locker
\

‘ Payload Prototype
|

‘ Bill of Materials

/
‘ Test Validation
/
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Objectives and Goals

Develop a compact, autonomous fabrication payload for

Belted Gantry
System

the Bosun's Locker that integrates multi-functional

Rotary Tool
manufacturing processes, including 3D printing, Exchanger
soldering, and wire embedding. Ensure spaceflight-
ready performance through compliant materials, Multi-Axis Print

bed

automated tool-changing, advanced sensing and control,
validated operation via modeling and subsystem testing.

The system was designed using commercially available

parts for maintainability and ease of assembly.

Bosun Locker with integrated subsystems







Belted Gantry System

» Belted vertical and
horizontal axes allow
for movement of the
toolhead with one
motor per translational
axis

* The rotary tool
swapper was
positioned to reduce
collision risk with
locker and gantry

Front Isometric View of Gantry

POM Wheel
Assembly

Stepper Motors

Tool Exchanger
Assembly

Timing Belt
Bearings

Back Isometric View of Gantry



Animation of Working Components

Select Joints

Belted Gantry assembly Belted Gantry with tool in motion .




Multi-Axis Print Bed

Hot plate

* The multi-axis print bed is
designed to reduce or eliminate
support material for overhangs

Turntable
bearing

* Two pulley-driven stepper motors
provide the bed with two
rotational degrees of freedom

 Guide rails under the bed
carriage add one translational
degree of freedom

Isometric view of the multi-axis print bed

« Combined with the printer’s
existing X/Z motion, the system
achieves five total degrees of
freedom: three translational and
two rotational

Linear
guides Side view of the multi-axis print bed




2. Align properly so it slides into 3. Move gantry to ready position and lock
1. Rotate Keys holder keys

4. Move gantry upward to release from tool 5. Move gantry downward out of the way of tool
exchanger exchanger




Inspiration

*Bed Slinger 3D printer

*Wire Embedding Additive Manufacturing
*CNC Machine

Polar 3D Printer Hotbeds




Future Plans

Locking

Tool Head Key

Tool Holder Holder

Tool Exchanger

« The project is still a work in progress

* Integration of the wire-embedding and soldering
tools is ongoing as available methods are
evaluated

« The rotatory tool exchanger is designed for future
adaptability

Rotating
Pin

* The spaces in the rotary tool exchanger are
intentionally designed to hold future tool designs.

Base

Rotary Tool Exchanger with empty tool
compartments




Results

Thermal Simulation, Power
Consumption, FEA



Thermal Simulations: Heated Printing Nozzle R

* The thermal simulation was done to
determine heat dissipation capability under
max power

-229248

* The printing nozzle was assumed to operate
with an applied load of 50W at the inner heat smoa
cartridge face

 The environment was assumed to be -270°C
and convection-less to simulate low orbit
conditions

654.798

* The low emissivity simulation had a max
temperature of 1103°C and high heat creep

430216

* The high emissivity simulation had a max
temperature of 463°C and lower heat creep

High Emissivity Simulation
€=0.8. e.g. Anodized Metal

205633

g ==

-1895 Min

Low Emissivity Simulation
€ =0.05. e.g. Polished Metal .




Power Consumption

» To ensure the system operates
within the maximum power limits of
1000 W peak and 300 W
continuous, we calculated the total
power consumption of the entire
system.

» The operating torque for the motors

Component | Max
Power
(W)

Stepper
motor

Print Hot
Bed

Nozzle
heater

Servomotor

General
Operating
Power
(W)

was also calculated to ensure the
selected motors could sustain the
load imposed by the system’s
weight.

* The total maximum power
calculated was 429.8 W, with the
general system power consumption
at 150.8 W.

Total System Total System

Power (MAX) Power (General)

Quantity

Total MAX

Total
General




Structural Analysis - FEA

 To verify that the gantry could support the weight
of the subsystems, we conducted some analysis

on the frame e

* The stress experienced by the gantry and the

[ o |
resulting displacement were minimal,
demonstrating its structural integrity under the =
applied load -

« The simulations assume Earth conditions and
represent the subsystems' weights as point loads

: : : Safety Factor simulation in Fusion360
« Simulations resulted with a safety factor of 15

and a maximum displacement of 0.045mm,
confirming the gantry’s reliability under operating
conditions

Max displacement simulation in Fusion360
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Mission Statement

Track 2 Challenge: Lunar Operations (C3-Lunar)

* Design a payload, to be delivered by the Griffin lunar lander, that can create infrastructure for a
permanent lunar outpost.

¢ 'Fig 1. Astrobotic’s Griffin Lunar Lander Fig 2. REV-LE CAD

Regolith Excavation Vehicle for Lunar Exploration



Team Overview

* Senior capstone design
aerospace design project

* Team REV-LE, Texas A&
University :

Ram Vedula ’ Miranda Kang . .Evan McCuaig - Dr. Manoranjan Majji
. Structures TeamLead - :+Software & Autonomy  Advisor

s REV-LE makes the moon ready
for touchdown and construction

Joshua Cole Wayne Williams Brooke Wolfram ' David Fgmero Tim K!enberger
Compaction Robotics and Systems Electronics/Power ~ Cosmic Mentor
Manufacturing
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Executive Summary

* Lunar regolith is fine, abrasive, electrostatically adhesive, and easily erodes causing unstable
landing conditions, dust plume kickup, erosion, and hardware damage

* REV-LE is an autonomous rover that identifies suitable compaction sites, levels terrain, compacts
regolith, and verifies surface stability and density to support safe landings and lunar surface
infrastructure construction

- * NASA identifies landing site preparation as a critical unmet need

e Currehtly no CLPS/Artemis missions include autonomous leveling and compaCtion

* Regolith Strength increases 2-4x with moderate compaction, greatly reducing plume kick-up and
iIncreases building site stability
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Projected Path

TASK TITLE 3116-113-17 11/30-12/6 12/7-12113 4-11-128-1-1) 111-117 1/18-1/24 1/25-1/31 21-2/7 2/8-2/14 ZN15-2/21 2/22-2/28 3/M1-3/7 3/8-3/14 3/15-3/21 3/22-3/28 3/29-4/4 4/5-4/11 4/12-4/18 4/19-4/25 4/26-5/2 5/3-5/9
PDR

Presentation Submitta

Prepare to Present PDR in Class
PDR Report Due

COsSMIC

Submit Midpoint Flash Talk Chart
REV-LE Midpoint Flash Talk

C3 Final Showcase Briefing
Prototype Entry Video

COSMIC Technical Paper

24 Minute Briefing

Next Semester

Finalize IDD for GLL

Order Parts for Prototype
Prototype Assembly

Prototype Testing

Interim Progress Review Report IDR
Interim Progress Review IPR

CDR Presentation

CDR Report

Regolith Excavation Vehicle for Lunar Exploration



 Thank you'

Any Questions?
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