5I;HBLIQUE é o N E R A

FRANGAISE
e - e CNes - - - _—/m

Fraternité CENTRE NATIONAL THE FRE N C H AE RO S PAC E LAB

D'ETUDES SPATIALES

Flash-over propagation model on spacecraft
solar panels

L oanne Monnin

Sébastien Hess, Jean-Francois Roussel, Pierre Sarrailh, Denis Payan
28t SPINE workshop — 8™ June 2021

Ce document est la proprieté de 'ONERA. Il ne peut étre communiqué a des tiers et/ou reproduit sans I'autorisation préalable écrite de TONERA, et son contenu ne peut étre divulgué.
This document and the information contained herin is proprietary information of ONERA and shall not be disclosed or reproduced without the prior authorization of ONERA. 1



Context
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//// Conductor /
A cathodic spot is The plasma bubble Two currents are Cause permanent
created expands over the SP  carried by the plasma dammage

« Because of interactions with space environment Electrostatic Discharges (ESD)
appear on spacecrafts solar panels (SP)

» It leads to a plasma bubble that expands over the SP

« The plasma carries two currents : the blow-off (BO) that empty the conductor
capacitance and the flash-over (FO) that is recollected over the SP

« The plasma bubble is a conductive environment that may lead to secondary arcs

EX
FRANCARE ONERA Présentation ONERA 2020 2
e —_—



Context

ESD Plasma bubble BO & FO Secondary arc
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Cover glass
U i Y /

A cathodic spot is The plasma bubble Two currents are Cause permanent
created expands over the SP  carried by the plasma dammage

Our objective is to study the evolution of the FO over the SP
from the plasma creation at the cathode spot to the extinction
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Presentation of EMAGS3 campaign : experimental setup
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Presentation of EMAGS3 campaign : numerical model
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« Expansion = Bohm velocity
* Many parameters manually imposed
* No information about the FO end
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Plasma bubble

Microscopic scale

Pre-sheath

« Ultra-high vacuum
(mass and charge
conservation)

Cathode spot

 Diffuse anode

Langmuir sheath

Macroscopic scale Axial geometry

» Cathode material :
silver, aluminium or
Plasma bubble Silicon ( + COQQer )

Solar panel Cathode spot
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Plasma bubble

Microscopic scale

Pre-sheath

Cathode spot

Langmuir sheath

Macroscopic scale

Plasma bubble

Solar panel Cathode spot

Current conservation
between the spot and
the plasma

Energetic balance at
the surface

Energetic balance in
the pre-sheath

Poisson’s law in the
sheath

Current conservation
between the plasma
and the panel
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Current conservation by the cathode

Secondary electrons Incoming ions

Emitted electrons _
Electrons coming back

from the plasma

=Jep —Jip
Fr e 1010

Current density at Current density in

Total current density the spot surface the plasma

1

Jear = (A7T? + ApEX)exp (— (;— + g—) 2) Murphy & Good thermo-field equation
T F
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Energetic balance at the surface

Lost by the secondary electrons emission

Lost by the electrons emission

Lost by the neutrals emission
N\ Lost by conduction

Given by Joule effect Conduction distance computed with
Fourier law around the spot

L

{_| 300K

Given by ions

Given by electrons from plasma
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Energetic balance in the pre-sheath

Neutral emission flux

» Surface near cathodic spot also emit
neutrals over a distance [

» We integrate the distribution function
over a disk of radius [ considering a

Mass conservation

 All neutrals are ionized

view angle « Mass must be conserved
1 1> + a* /
I . =
Cl)n—q)n 1+%ln(—2a2 ch q)n
REPUBLIGUE ONERA Présentation ONERA 2020 10



Energetic balance in the pre-sheath

Given by ionizing electrons

Given by Joule effect Given by incoming neutrals
Sein*Sunin= Stow* Seom
Lost with ions Lost with electrons

Z is calculated with the Saha equation (2-3 for silver)
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Poisson’s law in the sheath
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M S Benilov. Space-charge sheath with ions accelerated into the
plasma. Journal of Physics D: Applied Physics, IOP Publishing, 2010,
43 (17), pp.175203.
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Current conservation in the plasma bubble

Langmuir sheath

Plasma bubble

I = 27'[612] \:f Jer

Solar panel Cathode spot

Current emitted by the spot
= current collected by the SP

Only unknown = plasma
potential

Spot characteristic time
smaller than expansion time
step = Instantaneous current
conservation
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Plasma potential
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Plasma potential
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Surface temperature
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Electrons temperature
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Plasma density
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FOEBUS results

Triggering on a silicon Triggering on a silver
cell Interconnector
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Conclusion

 We have a Flash-over propagation model with creation
and extinction of plasma

* Coupled model between cathode spot emission and
current collection over solar panel

 Limiting conditions by the spot = limiting condition for the
expansion

* No need for experimental data
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Perspectives

« Evolution over large solar panels
— Current limited by the solar panel size
— Thermal effect on large scales
— Density evolution in space

« Solar panel electric circuit
— Secondary arcing
— Link between the arc and the FO duration
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Thank you!
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