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The organizational structure of MOCA is presented below.
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MOCA utilized a timeline to organize tasks and remain 
on schedule.
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2.4 Program Management Milestones



MOCA will support future space exploration by providing 
major benefits.
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Space Exploration Reducing Launches Building Large 
Structures

1.1 Impact



MOCA will provide a viable solution by following these 
two objectives.
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RepeatabilityCold Welding
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1.3 Innovation



MOCA developed a concept of operations for constructing 
large space structures.
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2.2 Storyboard



MOCA developed a method of joining two Aluminum members 
using cold welding.
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2.2 Storyboard



Three main trade studies controlled the direction of 
the design.
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3.4 Trade Studies



MOCA developed a system to perform the concept of operations.
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2.1 Animation



MOCA’s alignment mechanism moves the pieces through the 
Cleaning Mechanism and into the Pressure Mechanism.
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1.2 Feasibility



Aluminum members are inserted and maneuvered through 
the Cleaning Mechanism.
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Insert Members

Cam to Overlap Members
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1.2 Feasibility



The Alignment Mechanism maneuvers the aluminum 
members into the Pressure Mechanism.
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1.2 Feasibility



MOCA’s Cleaning Mechanism removes the oxide layer and 
brushes off the contaminants.
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Cleaning 
Mechanism
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1.2 Feasibility



The Cleaning Mechanism has the required abrasiveness 
needed to scrap the oxide layer off.
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Abrasive Wire Brushes
Nylon Cleaning Brush
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1.2 Feasibility



MOCA’s Pressure Mechanism applies pressure to the 
members. 
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Pressure
Mechanism
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1.2 Feasibility



The Pressure Mechanism is a clamp that applies pressure 
to a very small point.
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Apply Pressure to 
Create Weld
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1.2 Feasibility
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MOCA is designed to fit within the Arkisys’s Bosuns Locker, 
following C3 regulations.
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1.2 Feasibility



The Electrical Subsystem will require two harnesses.
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Electrical Passthrough

Vacuum Compatible 
Wire
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1.2 Feasibility



MOCA uses I2C to gather data from the sensors and 
initiates each step with code written in Arduino IDE. 
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01010101010
10101100101
00101010111

MOCA code with I2C initiating cold welding process

3.3 Data Handling & Comms



MOCA inputs commands and displays the sensor and 
status data with the serial monitor.
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01010101010
10101100101
00101010111
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Arduino UNO Serial Monitor

3.3 Data Handling & Comms



MOCA explored several innovative ideas.
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Cold Welding Laser Cleaning Laser 
Communication

4.1 Innovative Concepts



MOCA requires additional technological development to become a 
usable product in space.
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Increased 
Pressure

Degrees of 
Freedom

Particle 
Confinement

4.2  Tech Gap Assessment



MOCA faced several challenges during development.
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Manufacturing Cleaning Quality Weld Quality

4.3 Biggest Challenges



MOCA’s Risk Matrix and risks decreased impact after mitigation 
techniques are implemented.
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3.2 Risks



MOCA will perform thorough testing of the prototype in 
preparation for PDR.
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2.3 Path to Preliminary Design Review (PDR)



Cold welding will support missions such as NASA’s Small 
Satellite Factory.
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[1]

1.4 Advancing High-Value Missions



A paper has been written detailing MOCA’s operation, objectives, 
and requirements. 
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5.2 Paper

• 230 word abstract
• 10 pages
• 2 references

• Proposed publish location: AIAA SciTech Fest 



MOCA will enable the construction of cold welded truss 
joints while in orbit.
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Questions?
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MOCA would like to acknowledge the assistance and advice 
provided from the following people and groups. 
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This image depicts a finished weld point.
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MOCA has three critical system level requirements. 
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The Pressure Mechanism is a clamp that applies pressure 
to a very small point.
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MOCA developed a system to perform the concept of 
operations.
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MOCA will support future space exploration by providing 
major benefits.
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MOCA enables truss joints to be cold-welded by removing the 
oxide layer and applying pressure.
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Total mass of MOCA is 365 kg, total power is 252 W, 
and costs $1,450.
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MOCA has operational and manufacturing risks.
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MOCA’s weld quality will be evaluated through Non-Destructive 
and Destructive test methods.
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MOCA analyzed a worst-case power draw with all motors 
running at stall torque.
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Power Sample Calculation
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System Prediction Analysis of Performance
- Pressure Mechanism
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System Prediction Analysis of Performance
- Alignment Mechanism
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Three analyses were conducted for the pressure subsystem.
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Pressure Mechanism Analysis Calculations
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MOCA is designed to fit within the Arkisys’s Bosuns 
Locker, following C3 regulations.

48
48

15.7 in

[4]

Manufacturing of Cold-welded Assemblies



The Mechanical Subsystem provides a compact and 
lightweight structure.
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The deformation of the pressure lever was examined 
and has a very small magnitude.
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The stress distribution of the pressure lever was examined 
and determined to not exceed structural limits.
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The deformation of the pivot pin and support was examined 
and determined to be very small (<0.21 micrometers).
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The stress distribution of the pivot pin and support was examined 
and determined to be within structural limits.
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The stress on the carriage was examined and 
determined to have a FOS of 1.94
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The stress on the carriage was examined and 
determined to have a FOS of 1.97
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Weld Pin Shear Stress
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MOCA Master Assembly Drawing
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MOCA Master Assembly Exploded Drawing
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Base Structure Assembly Drawing
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Base Structure Assembly Exploded Drawing
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Cleaning & Alignment Assembly Drawing
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Cleaning & Alignment Assembly Exploded 
Drawing
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Full Alignment Assembly Drawing
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Full Alignment Assembly Exploded Drawing
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Cleaning Mechanism Assembly Drawing
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Cleaning Mechanism Assembly Exploded 
Drawing
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Pressure Mechanism Assembly Drawing
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Pressure Mechanism Assembly Exploded 
Drawing
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Lever & Crimper Assembly Drawing
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Lever Assembly Drawing
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Lever Assembly Exploded Drawing
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Crimper Assembly Drawing
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Crimper Assembly Exploded Drawing
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Pressure Frame Assembly Drawing
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Pressure Frame Assembly Exploded Drawing
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MOCA created three subsystem teams to address 
building the full system in one semester.
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Pressure Mechanism Trade Study – Electromechanical Screw 
and Spring were selected.
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Cleaning Mechanism Trade Study – Scraping was selected.
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Alignment Mechanism Trade Study – Linear Rail was selected.
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Material Trade Study – Aluminum 3003 was selected to cold-
weld in space.
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Joint Type Trade Study – Lap Joints were selected.
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Data Transmission Trade Study – Laptop Transmission of 
Commands was selected.
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Testing Methods Trade Study – Vacuum, Compressive, Visual, 
Tensile, and Bending Tests were selected.
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Weld Quality Trade Study – Inspection was selected.
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Size and Shape of Members Trade Study – 1/16’’ or 1/8’’ 
Thickness was selected.
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Frame Material Trade Study – Aluminum 6061 T6 was selected.
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Material Handling Actuators Trade Study – NEMA 17 
was selected.
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Actuator Interface Trade Study – Screw was chosen.
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Power Supply Trade Study – Lab Power Supply was selected.
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Temperature Sensor Trade Study – Pt100 Sensor was selected.
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Microcontroller Trade Study – Raspberry Pi Zero was selected.
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