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Introduction 
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1) High energy particles in the environment: electrons or protons 

2) Penetrate and stop inside the SC:  

     • Electron with energy from 100s keV to 100 MeV stopped inside the SC  

3) Deposition of the charge and creation of a RIC => electric field buildup  

 

=> Risk of internal electrostatic discharge (IESD) inside the SC payload and/or sub-systems  

   



Why is internal charging a problem? 
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• Until the nineties, more than 20 satellites  

      have shown damages by IESD (2) 

 

• Typical sensible components can be for instance; 

      motherboards, cables, connectors, optical lens, etc. 

Complicated geometries found in the sensible components 

may enhance the electrical potential buildup => danger of IESD  

SpaceWire IEEE 1394 where 1,4,5 and 7 are dielectrics,  

else conductors  



Why to take into account a variable environment?  
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• The charging behavior takes tens of hours to reach a steady state 

• The radiation induce conductivity evolves with time - characteristic time of 1 hour 

• These evolutions are non monotonous and specific to a material 

• The spacecraft will be summited to variable  

      Irradiation field 

 

• High energy electron periods may last for days  

      to weeks 

 

• Anomalies may occur every time the irradiation  

      field reaches a certain threshold 

 

• Once an internal charging anomaly occurs,  

      it may recur in less extreme environments [3] 

 

  

Times of occurrence of a certain anomaly on Dra-δ (◊) compared to > 2 MeV 

Electron flux from GOES [3] 



Electron Environment during Electric Orbit Raising (EOR)  
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Variable environment  

• At the scale of internal charging time, the dynamic of an magnetospheric event is important =˃  

radiation belts are not populated all the time (relaxation time of about 1 week after an event)  

• An EOR spacecraft, low altitude perigee and high altitude apogee, period of several hours => cross 

several times a day the radiation belts  

   => Environment change has the same time scales as RIC or charging times  

 

 

First Second 



Simulation Chain 1 Gras/Moora 
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Geant 4 is a toolkit for the Monte Carlo simulation of 

the passage of particles through matter 
GRAS is a Geant4-based tool enabling  

common radiation analyses, such as; 

charge deposit and dose. 

Moora is a user-friendly interface  
Input:   

• Geometry GDML 3D (shielding + component) 

• Energy spectrum 

• Materials 

• Geometry GMESH 3D (component in finite elements) 

 

Output: 

Irradiated Geometry: 3D Dose and charge   



Simulation Chain 2 SPIS-IC 
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Internal charge transport equations solved on the  

computational mesh by a finite element method:  

1. Poisson equation 

2. Continuity equation for the net charge  

3. Ohm’s law  

 

 Conductivity model:  

• Field induced conductivity 

• Bulk conductivity  

• Radiation induced conductivity  

 

Input:  

• Irradiated geometry GMESH  

• Environment  

 
Output: 3D electric potential evolution 

 



Application case SpaceWire 
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GMSH geometry 

GDML geometry 7.5 mm diameter 

1.- one 26 AWG  unscreened pair, 2- two CPR 

26 AWG screened pairs, 3- one 2619 AWG 

drain wire, 4.- PTFE filler, 5.- two polymide 

layers, 6.- brained shield and 7.- outer jacket. 

Non uniform shielding 

Dose (Gy) 
Source type = cosine emission law  

2.4 MeV > E > 1.6 MeV  



Electric potential and field evolution 1  
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Electric Potential 

Electric Field  

Total simulation time 60 days 

Frames = every 10 days 

Electric potential concentrated on the PTFE filler 

Maximum potential 4 500 V 
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First event 

Second 

• Highest potential found in the polymer layers  

      and filler 

• High potential found in the dielectrics  

      inside the unscreened 26 AWG cable 

• Not far of the dielectric strength limit [4] 

• Events related with a decrease in the potential 

• The events accumulate the potential  

• Discharge is possible 

 

 

Continuation 



Conclusion 
 

SPIS-IC internal charging charge transport 

• Open source https://www.space-suite.com/ 

• 3D time dependent fast accurate IC solver 

• Validated on experimental data 

• Assess the possible discharge risks in payload 

Simulation results shows 

• Time dependent effect of the RIC 

• Time fluctuation of the environment and the EOR orbits 

• Geometry dependency of charge conduction 
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Thank you for your attention 
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