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Project Description

Design a test fixture that attaches a 12U 
CubeSat to a spherical air bearing

Fixture must align the center of gravity 
with the center of rotation of the bearing

The intention is to design a test mount 
fixture for GA to use for testing their 

satellite
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Design Description
•Currently in prototyping stage

•Functions
• Fixture relocates center of gravity using the X, Y, and Z 

axis adjustments

• X and Y axis move the mass of the CubeSat horizontally

• Z axis moves the masses of weights vertically

• Shifting these masses alters the location of the center of 
gravity balancing the fixture CubeSat assembly
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Model CubeSat

X and Y axis adjustment

Z axis adjustment

Model bearing

Figure 1: 3D printed Prototype Model



Design Requirements
•Important Customer Requirements

1. CubeSat-fixture assembly is secure

2. Adjustable position of center of gravity

3. Lightweight

4. Allows rotation and tilt of CubeSat

• Seen in Figure 2, requirements 1, 2 and 3 are 
satisfied

• Seen in Figure 3, requirement 4 is satisfied
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Figure 2: CubeSat Clamps and Adjustments

Figure 3: Model Bearing



CAD (prototype)
•The full concept is too complicated to be tested at this point 
and several subsystems are being discussed and analyzed 
separately for the individual analysis assignment, so 
redesigns are still possible.

•To help test some of the subsystems before constructing the 
full thing, a 1/3 scale model was designed.

•This was intended to be primarily 3D printed with the use of 
machine screws to adjust the CubeSat location and 0.177 cal
bbs as a scale replacement for ball bearings to replicate the 
functionality of a spherical air bearing.
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Satellite Bracket (2)

Rail 
Bracket 
(2)

1/3 Scale CubeSat ~200g

6-32 x 1.25 in 
Machine Screws (10)

Stand Base

Stand Column

Outer Bearing

0.177 cal bbs (~50)

Inner Bearing

Rail (2)

Weight ~12g (2)

Figure 4: Exploded View of CAD Model



Prototype
1/3 Scale

Objectives:
◦ Rough estimate of bearing effectiveness

◦ Surprisingly smooth, rotates easily and freely

◦ Identify potential issues, conflicts

◦ Rails must be shorter or angled to allow range of motion

◦ Assess importance of automation

◦ Manual adjustment is tedious and difficult to set up, automation is strongly 
preferred

https://www.youtube.com/watch?v=GiU3P0_KwF4
(video is roughly 1.5 min. long)
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Figure 5: Finished Prototype

https://www.youtube.com/watch?v=GiU3P0_KwF4


CAD (Updated)
•After testing the prototype, additional work has been done on 
the CAD model based on the efficacy of the results.

•The current iteration is still incomplete and is waiting on the 
decision to either use the worm gear setup or lead screws.

•It is our intention to imitate the way that a 3D printer shifts the 
bed around layered twice to allow movement in both the x and 
z directions.

•This will allow for further movement than the original CAD 
model in these directions and the use of automation to lessen 
the effort to align the CubeSat properly.

•Significant redesigns are planned to lower the CubeSat location 
and optimize placement of key parts as well as cutting weight 
wherever possible.

ME-476C | GENERAL ATOMICS | 21SPR01-GA | FINAL PRESENTATION | 03/24/2021 | TRAVIS

Figure 6: Isometric View

Figure 7: Side View
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BOM
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Table 1: Bill Of Materials



FMEA – Lead Screws
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Table 2: FMEA Lead Screw



FMEA - Gears
Part Failure Mode Potential Causes Potential Impact S O

Current Design Controls 
Test

D Risk Level Recommended Action

Pinion
Bending 
Fatigue

Time and Stress Bent Rod/Crack Propogation 8 1 Stress Calculations 1 8 Increase Diameter

Pinion Pitching Time and Stress Slipping 7 4 Test Surface Hardness 3 84 Avoid Sudden/High Stress

Pinion Scores
Imperfect meshing or Lack of 
Tolerance

Dislodged Gear/Critical Failure 9 3 Surface Coating Analysis 2 54
Improved 
Tolerances/Dilligence

Pinion Wear Time Lack of Precision 5 5 Precision Testing 1 25 Replacement

Gear
Bending 
Fatigue

Time and Stress
Bent Threading/Crack 
Propogation

8 1 Stress Calculations 2 16 Replacement

Gear Pitching Time and Stress Jams Gears 7 4 Test Surface Hardness 3 84 Avoid Sudden/High Stress

Gear Scores
Imperfect meshing or Lack of 
Tolerance

Dislodged Gear/Critical Failure 9 3 Surface Coating Analysis 2 54
Improved 
Tolerances/Dilligence

Gear Wear Time Lack of Precision 5 5 Precision Testing 1 25 Replacement

Table 3: FMEA Worm Gear



Testing Procedures
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Table 4: Testing Procedures



Schedule
•Working On: Individual Analysis, Final B.O.M. and C.A.D. Model, Website, and Final Report

•Anticipated Work: Final Prototype

•Summer Work: General Research, Problem Solving, and Prototyping

•Future Work: 2 additional prototypes before completing the final build
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Gantt Chart
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Table 8: Gantt Chart



Budget
Total Budget: $8,000

Cost of Model: $38.18
• Filament: $22
• Bbs: $8.72
• Superglue and Machine Screws: $7.46

Current Budget: $7,961.82
Anticipated Budget: $6,419.12
• Test Platform: $518.12
• Safety System: $31.00
• Fixture Assembly: $870
• Additional Prototypes and Repairs: $2,000
• Final Design: $1,000
• GA University Symposium: $2,000

Final Anticipated Balance: $1,542.70
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Questions
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