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Needs of Any New -Industriql Economy ' L

Orbital, Lunar, and Planetary In-Situ Resource Utilization

In Orbit

On Moon

CISLUNAR
INDUSTRIES

£ Metal materials processing - @  End-of-life dispOsol
< Propellant production , = RBowerninfrasiiieiure
L
‘\'//
Extraction Hosting " CISLUNAR, Logistics Manufacturing

INDIVER I

Space Debris Commercial
Removal & Space Stations, Space
Transport Spacecraft : Foundry
Storage Depot & \ Manufacturing &
Transport Construction

' Metal
Lunar Metal Lunar Bases, :
Extraction Rovers, Landers Processmg
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CISLUNAR

MSF (ModulqupqceFoundry) e ” L

INDUSTRIES

Key Characteristics
2 In-space metal foundry

< Electromagnetic induction processing of most
conductive materials

* Heafs

* Manipulates
« Can be contactless

Inputs: RSO (Resident S}pdce‘Ovb‘jec:i)‘

2 Significant metal mass already in Spdce Metol foundry cmd continuous coshng Nov _2022 = Zero—.G flight .
' hardware for in-space operation continuous casting & EM steering

2 Upper stages, ISS payloads, Lunar landers
2 Aluminum alloys are most common

2023 to Present

Outputs: MSF (Primary) v
& 25mm bar for billets (used for wire extrusion)
£ 50mm rod for metal propellant

Exchanger
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Metal Propellant Ecosystem 2

Overall Objectives

< Develop an orbital ecosystem to
reuse and recycle spent upper -
stages, satellites, Resident Space
-Objects {RSO). :

@ Transform dangerous “debris” into

DeltaV and feedstock for on- orbl’r
monufoc’rurlng

Ecosystem Technology

2 End of life solution alternative to de-orbit

L

INDUSTRIES

MTE Operation on
Replacement Cartride

(PPE) Proceessing

(FLE)
Platform Element

; A 4 o d
,s,gl I £
s (MTE) \ 5=
Element / 5 s  §.— MPThryster

~\
3 Fuel Logistics
> e p B Element i ~.
/ s (PPE) Parked at 500km =< b

-Un-Crewed = A .
-Can dock with Orbital Reef for ustroncut b (RLE) Resident Space Object
"_maintenance and transfer of large mass e i f RSO) Logistics Element

(SFE) Space X
FoundryElement \

{ (SPE) Salvage
FoundySystem | processing Elerent

RSO
Capture &
e Transfer to SPE

\
Upmassed
Materials

< Reconfigure orbital assets and reuse for new missions.

2 Produce metal propellant from mass that is not reused or revconfigur'ed'v

< Station keeping with solvoged RSO

< “Refuel” ond Ilfe extension with shelf stable propellon’r cor’rrldges
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Metal Propellant Perfformance e

INDUSTRIES

~3380/yr

it el el e o \l" RSO Input = 500 kg,
] B -
' 2kg/hr
/ e e e G
53 /. ‘I .
S . 1 : *Cartridge Materials = 175kg :
Output: 12 per 24hr-day If 1 h
1
4 - . ' R i
o L
~130 carts, 2 weeks : ' <_// 5’$
! N V Q
1
1
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ISS Cast Objectives e : S

INDUSTRIES

Mission Objectives

< Cast twelve 25mm somplés in microgravity
aboard the ISS,

< Demonstrate cast sysTem and venfy '
operational parameters

7 Compore ISS Cast somples to ’rerres’rrlol
“chain” cast somples -

< Anolyze grain sTrucTures and meosure
mechanical properties

 |dentify the preferred operating region for
operation in sustained microgravity.

/1]

Feed Rate

Superheat
ainjesadwa] pjow

- . MSF Process Parameters

MSF Casts with various -
casting parameters
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INDUSTRIES

ISS CastPayload - -~ L

Cast Payload Operation

2 Cast system includes 12 pre—looded
cartridges '

2 One cartridge per experiment .

Render of 1SS Cast
Payload installed in FIR

2 Experiment porome’r‘_ers can be
adjusted between experiments

2 Cartridges are returned to earth for ’
analysis '

Friction fit mold plug

; CASTING PROCEDURE
Mission Preparation

Heating Stage — induction coils heat tundish and
sample until thermocouple in direct contact reads

% Ongoing safety review with NASA and ZIN . R e

Raw sample

< Parabolic sub'sys’rem verification ISS
payload flight November 2024

2 Parabolic full ISS del'ood flight verification
February 2025 :

‘9& Flying |SS POY|OGd OS “Dress ‘ Functlonol PrOTOTYpeOf ISSMSF : Mold moves back while piston moves forward. Material

" i rapidly freezes against mold walls. No shearing occurs
R e h eo rSO | to the material being deposited as mold moves away - j—
> i from tundish with coordinated motion. —e—
g : > ~ Castsample
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Feedihg fhje Foun;dry'

Capturing Spqce Debris
< How are large ’rumbllng objecTs cop’rured2

2 Astroscale US helped inform the Con Ops for
capture of Nelelelc debiris :

< After capture, solvogmg opero’rions corhmence
- ¢ Nanoracks friction spin cutting
2 Think Orbital EBeam cutting

Metal Manipulation : ,

2 How to manipulate chips and s’rrips'?.
< Flexibility for various sizes :
2 Not getting hu'ng up

2 Lasting for-as long as possible in such a harsh |

environment

TI-IINI(
@RBITAL

MULTIPLE TOOLS

FOR WELDING, CUTTING,

= ADDITIVE MANUFACTURING,

XRAY / VISIBLE / INFRARED
INSPECTION

CISLUNAR INDUSTRIES
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ROBOTIC ARM
6-DEGREE FREEDOM
2M LENGTH

y’

Ay
SYSTEMS MODULE

INTEGRATED VIS/IR CAMERAS
AND X-RAY CAPABILITY

-
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Feedlng II.he Foundry : o ' s : ICNI[?TJL?\;/I\EI;
Continved . e | r—— | f \

Moving Metal :
2 How best to go about monlpulohng mol’ren

aluminum through a microgravity
enwronmen’r2

< Contactless ’rronspor’ro’non of
hazardous materials -

Future Cdpablllhes

2 How does the capability fo mompulo’re
molten metals enable:

< AM
2 Unique casting technologies.
2 Various Alloys, Shapes, Efc.

% Anything different from in orbit
casting processes
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INDUSTRIES

Steer Usmg Coil Arrqy e : L

3D Position Con’rrol

Year 1 Milestones: -

£ Created asimulated mlcrogrow’ry environment by Ieveroglng
buoyancy

2 Calibrated system to account for distortion due to ferrn‘e
cores .

"¢ Developed a mathematical model to de’ferhnine the
required coil current values fo generate an arbitrary force in
the calibrated workspace -

2 Verified results in simulation

F = 2llg| |——— [Bﬂ GI

2miwoa

J; = w (a,zk2 — 3 + akcot(ak))
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Steer Usmg Coil Array -

3D Position Con’rrol

Year 2 Milestones: _ :
¢ Demonstrated Open-Loop control of a semi-buoyant sphere using stable solutions
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Steer Using Coil Array' oy £

CISLUNAR

3D Position Control o = f

qur 2 Mile_s’rones:

g Demonétro’red Closed-Loop control in 3D spocevusing a PID controller
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Steer Usmg Coil Array: e T

3D Position Con’rrol

X p05|tion | y poition Z posiio

—— Closed Loop
—— Open Loop
—— Target Position
50 100
time (s)
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Steer Usmg Coail Array

3D Position Con’rrol

ISS Flight Objectives:

" @ Add 5 coil forincreased control and field/grodiénT
magnitudes :

2 Verify position control using various sized spheres Wiig! vorymg
electrical conductivity

2 Verify both open and closed-loop olgori’rhmé :

% Generate data on the response of liquid-metals to opplled
fields and gradients in microgravity

2 Demonstrate melting using 5 coil array-

Future Possibilities: ; v

# Guiding molten metals info molds/casting processes
# 3D printing with molten metals in microgravity '

2 Shaping molten metals themselves

¢ Capturing/maneuvering satellites
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Questions? .. . ﬁ
Y T siae ) e g L e UNAR

‘ | 5 i . , INDUSTRIES
Visit Seth af the M3 Robotics lab to see Steer in action!
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~ Resident Space Object (RSO)
Logistics Element

‘ 11. MTE Operation on ‘
77 Replacement Cartride L5/
- s £ b

10. SLE Client RPO'and -

COrtrfdge replacement ﬁ‘s i
. S(MTE) -
’ s 5 MP Thruster
Proceessing Element (SS-LE)I i Elerriént ‘
Parked at 500km =PRIy oo o
: Element :

Can dock with other platforms
Uses MP for station keeping/

12. RSO
Capture & -
Transfer to
SPE

7

FHSEE} space . . i (SPE) Salvage .
Foundry Element 8 i b Processing
P il ;
g S ‘Cartridge  Foundry\ ! Element
System System

9. SLE Cartrislge
Interface
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(PPE) Proceessing
Platform Element

(SFE) Sbace x
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Upmassed
Material.

. - ;

-Un-Crewed

2 Foundry Element 5

(SPE) Sqlvage , - RSO
Processing Element

MTE Operation on
Replacement Cartride

Ll b

Fuel Logisticé
Element

(PPE) Parked at 500km

~~~~~
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~
~~

~
~
Ss

(RLE) Resident Space Object
">~ _(RSO) Logistics Element

~,

maintenance and transfer of large mass

5 \
Capture & ;
Transfer to SPE




