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Executive Summary

• Current missions and plans show promise for extracting 
materials from a regolith. There are few projects and 
methods defined for turning the extracted material into 
useful products.  

• Skyforge aims to aid in further development of 
interspace manufacturing by utilizing a payload that 
turns regolith into a rod structure.

• Rod structures, when incorporated into a structure will 
eliminate the need to supply Earth materials for 
structures in orbit.

• While the technology for the mission exists, it has never 
been used in a way Skyforge plans to. With current 
technology Skyforge could be launched in the near 
future.

Stellar Solutions: Project Skyforge

Image Credit: Hive Satellites Redefine Disaggregation | the Aerospace Corporation. Aerospace 

Corporation. https://aerospace.org/article/hive-satellites-redefine-disaggregation. [3]
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2.4 Systems Engineering Milestones

• The total calendar time since project introduction 

has been 32 weeks

• Initial mission concept formulated by week 5. 

Skyforge set as the mission name.   

• Self appointed and project milestones culminate 

into the preliminary design.
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3.1 Innovative Concepts
Concept 1: Levitation Heating

Concept Description:

– Using induction coils to induce a magnetic field which will 

levitate and melt material.

– The material will be in a mold which remains solid while the 

contents melt.

– A robotic arm would transport the cartridge within the 

payload.

Lessons Learned:

– The introduction of an arm creates more points of failure. 

This is especially so for thermal and mechanical components 

of the arm.

– Levitation increases risk of failure because the molten metal 

is difficult to contain once the magnetic levitator is turned off.
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3.1 Innovative Concepts
Concept 2: Solar Centrifuge

Concept Description:

– Material heated via concentrated solar thermal ray optic 

arrangement in conjunction with electric heating coils.

– Material moved with a pulley and spring system.

– Artificial gravity imposed through centrifugal force.

Lessons Learned:

– Complex designs correlate to more points of failure.

– The introduction of a rotating shell creates issues 

transferring material.
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3.1 Innovative Concepts
Concept 3: Injection Molding

Concept Description:

– Heated via an electric heating coil

– Chamber with preloaded regolith powder carried to 

coil via a conveyor/pulley system and heated.

– Syringe extracts molten material injects into mold to 

cool.

Lessons Learned:

– The use of one syringe and mold creates a 

possibility for slag accumulation.

– Reusability is vital to prove scalability.
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Criteria Weight (%) Injection EM Levitation

Solar 

Centrifuge

Cost 10 9 5 5

Reliability 15 6 8 6

Thermal Management 20 6 8 7

Power Consumption 20 7 4 6

Scalability 5 8 8 10

Complexity 15 8 7 6

Design Uncertainty 10 7 5 6

Technology Maturity 5 7 9 8

Totals 100 705 650 640

3.1 Innovative Concepts
Concept: Trade Study

Trade Study:

– A trade study was conducted to 

determine the most appropriate 

design.

– Injection molding was chosen due 

to its applicability in microgravity 

and simplistic design.
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2.2 Storyboard of Complete Operation
Macro-Mission Architecture 
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2.1 Animation of Key Operating Sequence

• 1: Heating and Churning

- The induction coil generates a strong 

magnetic field 

- The electrical resistance then causes the 

material to heat to the point of melting.

- The rotating motion of the screw is performed 

by utilizing a DC motor.

• 2:   Chamber Loading

- As the screw turns, the axial flow causes 

molten material to fill the chamber.

• 3: Cooling

- Mold is cooled to a solid state through a  fluid 

cooling system.

• 4: Extraction

- A door is opened in the injection plate and a 

piston forces the solidified product into an 

ejection chamber.

http://drive.google.com/file/d/1YmwcdKexM8goZSYvb7BqH4Vm1zrIlBsy/view
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Subsystem Traits & Analysis
3-View Component Breakdown 

Mold Chamber

PistonForge

Radiator

Coolant Pump

DC Motor
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Subsystem Traits & Analysis
Mass, Power and Component Analysis 

- Most component masses calculated using 

Solidworks mass properties

- Coolant mass estimated using density and volume 

of fluid flow regions.

- Given a 20% margin of error.

- Calculated by using real-world examples (especially for the 

mechanical components and sensors).

- Power needed for heating was calculated using an 

induction heating power requirement calculator.

- Given a 20% margin of error, which is industry standard.
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• Heats the metal to 700C 

while managing excess 

heat via a cross flow heat 

exchanger.

• Uses Globaltherm 

Omnistore MS-600 as a 

coolant to bring the 

molded material

to 400C

Subsystem Traits & Analysis
Thermal Analysis
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Subsystem Traits & Analysis
Structural Analysis

- Carbon-Phenolic Composite chosen for 

syringe shell material.
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1.5 Risks
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2.3 Data Handling and Comms

• Optics necessary to provide non-continuous visual 

confirmation of satellite integrity as well as verification of 

electrical orbit signaling.

• Two ground stations in the Near Earth Network and one 

ground station with a dedicated network were chosen for 

analysis. 

• The total line of sight data was modeled using the STK 

software.

• The facility at Wallops Island, VA was chosen due to its 

total line of sight availability, eligible link margin, and its 

proven capabilities with other speacraft in the NEN.

Communications Architecture
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2.3 Data Handling and Comms

• Due to the lack of necessity for audio or video systems on the 

payload, the expected bit rate is

relatively low

• Communications equipment was considered for two ground 

stations in the Near Earth Network: The Wallops Island, VA 

facility and the White Sands, NM facility. Both ground station 

facilities provide an adequate link margin for communications 

operations.

Calculations & Data Specifications



Project: Skyforge

3.2 Technology Gap Assessment

Helmenstine, A. Superconductors and Superconductivity. 

Science Notes and Projects. 

https://sciencenotes.org/superconductors-and-

superconductivity/.[3]

Strength - Density. Cam.ac.uk. University of Cambridge, 

UKhttp://www-

materials.eng.cam.ac.uk/mpsite/interactive_charts/strength-

density/basic.html. [2]

https://sciencenotes.org/superconductors-and-superconductivity/
https://sciencenotes.org/superconductors-and-superconductivity/
http://www-materials.eng.cam.ac.uk/mpsite/interactive_charts/strength-density/basic.html
http://www-materials.eng.cam.ac.uk/mpsite/interactive_charts/strength-density/basic.html
http://www-materials.eng.cam.ac.uk/mpsite/interactive_charts/strength-density/basic.html
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3.3 Biggest Challenges Encountered

– Most of the challenges faced 

were brought up at an early 

stage, during either team 

meetings or during concept 

design. 

– Most challenges were overcome 

with concise design strategies.

– Some challenges had to be 

overcome with reasonable 

assumptions.
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4.1 Paper

• Information about the paper

– Abstract (169 words)

– Length (20 pages)

– There were 14 sources referenced

– Could be presented at the SmallSat Conference, 

August 23-26, 2026 Salt Lake City, UT. The SmallSat is 

most applicable to design and capabilities that are 

possible with current design structure.

Stellar Solutions: Project Skyforge
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1.6 Path to PDR

• Power

– Establish connection to dual solar array

– 444 W of steady state power during “daytime” operations

• Structure

– Payload mounting made easy by small size

– Attachment created by mounts on thermally stable components

– Mounting may vary depending on Venus Bus interface

• Communication

– Connection established with host spacecraft comms-systems

– Specifications are unknown, though likely within common ranges for LEO spacecraft

– 5 kBps is highest anticipated data rate for engineering and “health” data

– Most communications are for health and analysis, therefore requiring a semi-autonomy

Venus X-Class Bus Integration
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1.6 Path to PDR

• Implement backup battery for emergencies

• Research superconducting materials

• Develop components for slag removal

• Minimize imperfections in product

• Identify enhanced thermal insulators

• Trade study of ceramic insulators

Future Work and Next Steps
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Summary

• The Mission
– Stellar Solutions’ Skyforge mission will demonstrate metal injection 

molding of structural components in the harsh space environment

• Innovation
– Demonstration of injection molding in space
– Payload operations under intense thermal gradients

• Impact
– Proves viability of semi-autonomous industrial operations
– Encourages future space construction and industrialization efforts
– Lowers launch costs and simplifies spacecraft design

• Lessons Learned
– Heat management requires high-grade coolants and careful design
– Moving material in microgravity heavily influences production 

processes
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Questions

Questions?

Stellar Solutions: Project Skyforge
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Backup Slides
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Backup

• Orbit Characteristics:

– a = 6878 km

– e = 0.00 (circular 

orbit)

– i = 45.1°

– 𝜴 = 29.8°

– ⍵ = 0.00°

– T = 94.61 min 

• Eclipse Times:

– 34 – 36 min

Orbital Analysis and Features
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Backup

● Bit Rate calculation
- Data rates account for motor, thermal 

heating and cooling, and orbital 
maneuvering such as docking, if needed.

- The margin for error in bit rate allows for 
substantially more measurements.

- Bit error and ground station systems 
calculated using S-band frequency and 
modulation outlined in the Near Earth 
Network User’s Guide.

● Line of Sight Modeling
- Line of sight modeled in STK.
- Ground stations set and total line of sight 

access points and time in line of sight 
used to assist in ground station 
determination.

Communications Calculations
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