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NEW RESULTS 
 FROM 2019

Spacecraft potential has a linear-log relationship with density, especially clear with the 
cold electron population (0.1eV), even though 0.1eV electrons cannot contribute a 

current to a uniformly charged -15 V body. How can this be
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MOTIVATION -NEW RESULTS
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No temperature dependence?
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MOTIVATION -NEW RESULTS

Cold
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Ie (Vs<0) + Iph0 ≈ 0
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SOLAR ARRAY DESIGN
In more detail than you ever thought you wanted to know

10 Solar panels x 25 strings, each 
consisting of  91 solar cells connected 
via interconnects terminating at a 

+75V and 0V bus bar.

Each solar cell have grounded (0V) 
cover glass 

 
Red and pink refers to positively 

biased conductors exposed to space. 
The 23.000 interconnects are at 
potentials linearly increasing from 

0.8V to 75V. On average ≈ +37.5V

Long interconnects are found at top 
and bottom of each column of solar 

cell

Ie ∝ V/Te
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Simplified Rosetta solar panel model
 +75V Bus bars
2.5x2.5m panel

2.5% of front surface area

Unless otherwise specified: 
50cm-3 10eV electrons
50cm-3 0.5eV electrons 

100cm-3 1eV ions
Spacecraft material: ITO 
Photoemission @ 3AU

no SEE, B

SIMULATION SETUP
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-4V-1V
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-17 V

Model Merits
• Substantial negative charging when we add positively biased elements.
• Biased elements attracts locally produced (photo-) electrons. Effectively turns off the 

photoemission of an area 6 times as large on the spacecraft. This explains the magnitude of the 
spacecraft potential of Rosetta in cometary plasma, and the modest charging in the solar wind
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-4V-1V

Model Shortcomings
• The (Langmuir Probe theory) expectation of increased charging as we add a cold 

electron component never appears, in fact the opposite is true.
• Barrier potential shields entire spacecraft from cold electrons

-8 V
-17 V
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• Treat the solar panel as 
a double disk

• Far away the disks 
appears like a point 
with charge equal to 

their net charge, which 
must be either positive 

or negative 
•
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-2V Barrier potential at exact position 
as analytical prediction
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Laframboise+1973

Olson+2010

This work
Sherman+1971

Sagalyn+1963

Adapted from Grard+1973

As the positive 
elements will reduce 
the net photoemission,  
we use a factor 
to parameterise the 
reduced photoemitting 
area on the spacecraft 
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• Vsc strongly dependent on (cold) 
electron density

• Earlier work (Odelstad 2015, among 
others) proposes that a substantial 
warm (5-10 eV) electron population is 
omnipresent in the comet coma, 
responsible for the spacecraft charging. 

• Many lessons learned for future 
planetary missions
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CONCLUSIONS


