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Overview 

Desired Orbits Acceptable Orbit Ranges

Altitude
(GTO/HEO)

350-37,500 km 240-200,000 km

Inclination 0-23 deg 0-90 deg

Altitude
(Polar LEO)

450-800 km 400-1000 km

Inclination 80-110 deg 70-120 deg

Highlights

• Extends typical CubeSat missions from 
3 months to years with an atomic 
number (Z)-grade vault. 

• Demonstrates a Charge Dissipation Film 
designed for extreme charging 
environments.

• Develops and demonstrates a one-piece 
(Z)-grade radiation protection for 
electron radiation environments.

• Matures innovative dosimeters.

• Reduces technology development 
schedule and associated costs by 
collective testing in a relevant space 
environment.



Space Environment:  GTO and Polar-LEO

Proton fluence for a year Electron fluence for a year

SPENVIS: AP8min-AE8 Max Model for GTO and Polar LEO, ELaNa III satellite 
environment particle fluence. 

• Proton fluence in GTO at energies greater than 30 MeV have approximately a 

factor of 10 larger fluence than in Polar-LEO.

• Electron fluence in GTO a factor of 100 higher when compared to Polar-LEO 

for energies below 5 MeV. 



Three Experiments

• Vault Electronics

– To measure total ionizing dose (TID) over time and monitor system 

electronics performance.

• Charge Dissipation Film Resistance

– Measure the resistance over time

• Atomic Number (Z)-Grade Radiation Shielding

– To measure total ionizing dose of Z-grade radiation shielding and compare 

to baseline aluminum for at least 3 samples each.



Spacecraft Overview with Experiments

Excerpt:  Shields-1 Brochure, NASA NP-2015-04-608-LaRC



Spacecraft Overview with Experiments

Excerpt:  Shields-1 Brochure, NASA NP-2015-04-608-LaRC



Spacecraft Overview with Experiments

Excerpt:  Shields-1 Brochure, NASA NP-2015-04-608-LaRC



Charge Dissipation Film Experiment

LUNA XP-CD-B

Volume Resistivity
Specimen Dimensions

Expected 
Resistance

4.7 x 10e9 ohm cm at 25°C Area 5 cm2 2.3 MOhm

Thickness 0.0025 cm

Positive Electrode

Negative Electrode

Charge Dissipation Film

Fiber Circuit board or isolation surface

Current Source

Thermal Sensor Analog to 
Digital 

Convertor

Measure Resistance of a known thickness and area charge dissipation Film, using an 
approach in ASTM 257-14, “Standard Test Methods for DC Resistance or Conductance of 
Insulating Materials”.



Radiation Shielding Experiment

• Infinite slab, geometry approximation

• >95% incident radiation through shielding sample

• Large sample field of views, thick backing  



Aluminum (Al) Incidence Angle Dependence on 

Total Ionizing Dose (TID)

• Incident angle dependence used to determine shielding FOV slab diameters. 

• In order to receive greater than 95% of the proton radiation through a shielding 

slab the incident angles need to be at least 75 degrees.  

• No electrons contribute to dose from incident angles greater than 70 degrees.



Expected Dose Results for Various 

Shielding Areal Densities in GTO

Proton Dose Electron Dose

Aluminum/ Tantalum Z-Grade Shielding Samples (Al_Ta)
Baseline:  Aluminum (Al) and Tantalum (Ta)



Conclusion

• Addition of Z-Grade Shielding into CubeSat missions offer 

reduction of TID on sensitive electronics.

• Lifetimes of TID sensitive electronic devices are increased

• Internal charging effects are greatly reduced.

• Shields-1 technology development of the Z-grade radiation 

shielding and charge dissipation film enable future missions 

with the acquired space heritage.
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