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APPLICABLE CUBESAT

STANDARDS

- 1ISO 27852:2010(E)
- 25Year Limit
* Models with error margins

* NASA NPR 8715.6A
* Corroborates ISO 27852:2010(E)

* Responsibilities of key NASA personnel

- Mission Assurance

1SO 27852:2010(E): Distribution in Near-Earth Space

- Protection of launch vehicle, payloads, environment, public
- At worst case, payload is removed from launch manifest
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* Increasing Incident area for hastened deorbit



MISSION STATEMENT

Increase power generation and decrease deorbit time on command without

adding significant mass, losing internal volume, or implementing active control

systems.



DESIGN PARAMETERS

* No use of internal volume
* Minimize number of moving parts (for reliability)

 Maximize cross sectional area during deorbit phase to increase
drag

" Increase power generation

* Use passive actuation on command



SUCCESS CRITERIA

Metric Threshold Ideal
Increase in power generation >100% >200%
Decrease in deorbit time >20% >50%0
Active control None None
Loss of internal volume <5% 0%
Reliability >90% >95%
Cost to manufacture <$10000 <$5000
Number of Moving parts <10 <g




SOLUTION

* Capable of 3.5x power generation of a 1U
- Deorbit efficiency increases with launch altitude

- Passive attitude control in pitch and yaw

Stowed Mission Phase

DeorbitPhase

Traditional 1U




PERFORMANCE
ANALYSIS




THREE STAGE
SHUTTLECOCK




DEPLOYMENT
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DEORBIT
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SIMULATIONTOOLS

- Creo 2.0
- Satellite Modeling

- Modo 701
- Satellite Modeling
- Preparation for STK Simulation

* STK (Systems Toolkit)
- Satellite lifetime simulation (SATPro)

- Satellite power generation

- MATLAB
- LEO Drag Analysis
- Data Analysis
- Concept Verification and Design

A PTC Product
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STK PEAK POWER

Power generation for 24 hours
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POWER GENERATION

Cube Power = 2.7 Watt™hr Fins Standard Power = 4.1 Watt*hr

2.7 Watt*hr 4.1 Watt*hr
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Fins Extended Power = 3.9 Watt*hr Total Power = 10.7 Watt™hr
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3.9 Watt*hr 10.7 Watt*hr
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ORBIT LIFE COMPARISON

Orbit Decay of Post Mission Deorbit Configuration

h___-"‘"-——-_.________

Standard CubeSat 300+ Years Deorbit Configuration with ~9X incident area: 22 Years

- Maximization of incident surface area

For a 25 Year deorbit:
Ceiling of 540 km 12U standard CubeSat

Ceiling of 700 km for 12U shuttlecock formation
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ACTUATOR DESIGN




HINGE DESIGN OVERVIEW

- Dimensions: 75 mm (L) x 22mm (D) x 6.cmm (H)
- Mass: ~15 g

- Fastened to CubeSat surface
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HINGE ACTUATION
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IMPLEMENTATION — KEY

FEATURES

- Three stage hinge with passive actuation
* Burn wire release

* Actuation to any two angles between o and 180 degrees
- Net torque: ~4 N-mm

* Compatible with standard CubeSat frame

- Activated electrically with burn circuit

* Low profile and minimum volume interference
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DESIGN CHARACTERISTICS

* Modular—applications for 2U, 3U
* Scalable - larger hinge could be used for larger satellites

* Capable of increasing the CubeSat’s altitude while still
deorbiting within 25 years

Pumpkin CubeSat Frames
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FUTURE WORK

* Prototype under fabrication

* Environmental testing in May 2014

- Will be implemented on next CubeSat
that we develop
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CONCLUSION

Metric Threshold Ideal
Increase in power generation >100% >200%
Decrease in deorbit time >20% >50%0
Active control None None
Loss of internal volume <5% 0%
Reliability >90% >95%
Cost to manufacture <$10000 <$5000
Number of Moving parts <10 <g
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