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Outline

• Introduction

• Overview SPENVIS S/C charging package

– EQUIPOT: Surface charging of very simple s/c

– SOLARC: Charging of solar panel

– DICTAT: Internal charging

– Environment models and charging data

• S/C charging in Next Generation SPENVIS
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Introduction

SPENVIS Spacecraft Charging Tools

Jnet(V) = -Je + Ji + Jbe + Jse + Jsi + Jpe + Jc

CA ·dV/dt = Jnet(V) + σσσσ·V

Equilibrium: Jnet(Veq) = 0

���� floating potential

environment

secondaries (material dependent)
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SPENVIS S/C Charging package

SPENVIS Spacecraft Charging Tools

DICTAT

(Dielectric  Internal 

Charging Threat 

Assessment Tool)
D. Rodgers, 1999

EQUIPOT

(EQUIlibrium POTential)
G.L. Wrenn & A.J. Sims, 1990

D. Rodgers, 2002 (update)

SOLARC

(SOLar ARray interaction 

Code)
R. Bond, 1990

LEOPOLD

(Low Earth Orbit and 

POLar environments 

Data)
R. Bond & T. Field, 1990

GORIZONT/ADIPE & CRRES/LEPA 

Data bases
ESPIRE suite 

(R. Bond, 1990)  
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EQUIPOT surface charging code

• No input orbit required

• 1D calculation of equilibrium potential of passive S/C

• No geometry effects

• LEO and GEO environments

• Inclusion of ram/wake effects and sunlight/eclipse 

status

• Version 1.3 in current SPENVIS

SPENVIS Spacecraft Charging Tools
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EQUIPOT GEOMETRY

SPENVIS Spacecraft Charging Tools

S/C or structure = conducting sphere with radius = 1m

Patch = planar slab

= LEO

= GEO

αααα
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EQUIPOT wake/ram effect at LEO

SPENVIS Spacecraft Charging Tools

(G.B. Giffin, 1996)

ββββ

patch

Vion < Vs/c < Ve

���� Ions impact ram surface, e- everywhere

���� Negatively charged rear surfaces

���� Regions of differential charging
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EQUIPOT input (1): s/c environment

SPENVIS User Workshop 2013, 

22-24 May, Brussels

wrt patch normal

� �

�
�

wrt patch normal
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EQUIPOT input (2): material properties

SPENVIS User Workshop 2013, 

22-24 May, Brussels

�
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EQUIPOT outputs

SPENVIS Spacecraft Charging Tools

emission yields vs energy (eV)

environm. param. vs. energy (eV)

voltage and    current vs. time
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EQUIPOT: use and interpretation

• Rapid assessment of likelihood of charging for surface materials on s/c

• Identification of worst case situations

• Sensitivity study to small changes in environment  and surface material 

properties: 

– estimate of error bars on the results of more complex charging codes

– indicate where more accurate material data or plasma measurement must 

be made

• Conclusion:

|Veq| < 100 V : no serious charging problem

100 ≤ |Veq|≤ 1000 V : appropriate design modification (after param. change)

|Veq|> 1000 V : more detailed study is needed 

SPENVIS Spacecraft Charging Tools
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SOLARC Solar Array Analysis Programme

• Fast charging analyses of solar panel attached or not to a 

structure in LEO and Polar environments

• Version 2.00 in current SPENVIS

SPENVIS Spacecraft Charging Tools

equilibrium at LEO dense plasma (from J-F Roussel 2002)
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SOLARC input(1): plasma environment

SPENVIS Spacecraft Charging Tools

m

kTn
F

π

8

4
0

⋅=

input from e.g. LEOPOLD, 

IRI2001
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SOLARC input(2): s/c configuration

SPENVIS Spacecraft Charging Tools

Empirical relationships for J/J0(E,|V|)

operating voltage

of tot. 

solar array cell area

effective current 

collection area
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SOLARC output

SPENVIS Spacecraft Charging Tools

Main outputs:

• current collected by the specified solar array and spacecraft surfaces; 

• array and structure voltages relative to the ambient plasma potential (i.e. 

floating voltages); 

• plasma current and power loss; 

• erosion or sputtering of surfaces caused by energetic ion impingement. 
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DICTAT Internal charging code

• No input orbit required, but can be an input 

• 1-D internal charging code calculating E and V due to penetrating 

electrons

• Fast, analytical transport equations

• Simulates dielectric + shielding 

• Planar or cylindrical geometry

• Built-in FLUMIC environment model or user input

• Use: - Is dielectric safe or not to Electrostatic Discharge (ESD)? 

- If not which countermeasures?

• Version in current SPENVIS: 3.0 

SPENVIS Spacecraft Charging Tools
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DICTAT Code logicHigh energy 

electron flux 

spectrum

Electron 

transport 

through 

shielding 

Current 

deposition in 

dielectric

Calculate Emax

No ESD ESD

Change 

shielding

Change 

dielectric

Breakdown 

threshold Eb

Shielding prop. 

Geometry

Slab. coax 

Exposure time

Material 

props.:

σσσσ, εεεε, RIC, …

Radiation dose 

in dielectric

Local 

environm.:

T, radiation

Emax<Eb Emax>Eb

Grounding 

scheme 

Sample 

temperature 
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DICTAT input(1): electron flux

SPENVIS Spacecraft Charging Tools

Only 1st segment

FLUMIC 3.0

omni + isotrop.

0 at sol. min. 

0 at 1 jan.

or

INTEGRAL spectrum

max. 30 pts

E: 0.001-10 MeV

F(E<Emin) = const

F(E>Emax) = 0

F(Emin<E<Emax): lin.int

Omni: cm-2s-1sr-1

Mono: cm-2s-1
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DICTAT input(2): geometry & mat. Props.

SPENVIS Spacecraft Charging Tools

If omni 0-90° If omni

or both surfaces

298-398 K

εr

σ(J)=Kp·(dD/dt)∆

E=J·(1-exp(-t/ττττ))/σσσσ
ττττ = RC = εεεε/σσσσ

R=0.55·E[1-0.9841/(1+3E)]

(Ε<10 Μ(Ε<10 Μ(Ε<10 Μ(Ε<10 ΜeV), Ζ), Ζ), Ζ), Ζ≤26

σ(T)=a·exp(-bEA/T)/T
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DICTAT outputs

SPENVIS Spacecraft Charging Tools

at Bme=∞

electron spectrum

Emax, Vs, Jtot, … vs. time

①

②

③

④
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Environment and charging data

� LEOPOLD: 
• Low Earth environment (200-2000 km)

• density, temperature, velocity, flux, …

SPENVIS Spacecraft Charging Tools
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� 2 databases with charging events:
• Gorizont 91/2-ADIPE: 

� GEO, long. 80°E : 25/11/1991 - 29/09/1993

• CRRES-LEPA:

� GTO, 18° incl., apogee at 6.3 Earth radii: 21/08/1990 – 13/07/1991

SPENVIS Spacecraft Charging Tools
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S/C charging in SPENVIS-NG

• DICTAT 4.0 (Jupiter)

• New/upgraded environment models

• Interfaces to charging tools from the 

“Energetic Electron Shielding, Charging and 

Radiation Effects and Margins” project

• Extension of database with charging events

• Suggestions from YOU

SPENVIS Spacecraft Charging Tools
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Back-up slides
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Environment spectra

SPENVIS Spacecraft Charging Tools
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Charging mechanism

SPENVIS Spacecraft Charging Tools
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Earth regimes of concern for on-orbit surface (a) and internal (b) charging

(R.W. Evans et al., 1989) 
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Absolute charging (~s)

Differential charging (~min)

Envir

..
Cs

Envir

..
Cs

Rp
Cp

s/c
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FLUMIC 3.0
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DICTAT geometry

SPENVIS Spacecraft Charging Tools
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Algorithm for breakdown solution

1. The code first determines the critical current necessary to exactly reach the threshold field, 

based on Adamec's and Calderwood's [1975] equation (9) and stored values of the radiation-

induced conductivity.

2. The ratio by which the actual current exceeds the critical current is found.

3. The existing shield thickness is multiplied by this ratio to give a second value of the shield 

thickness.

4. With this shield thickness, a second equilibrium electric field is found.

5. If the new electric field is not within 0.5% of the breakdown threshold, a third thickness is 

created based on a linear extrapolation or interpolation from the first two points.

6. If the electric field resulting from this thickness is not acceptably close to the breakdown 

threshold, a fourth point is created, based on linear extrapolation from the second and third 

points.

7. This process is continued until convergence is achieved and the final value is multiplied by   

0.99 to ensure the result is between 1.5 and 0.5% below breakdown. 

SPENVIS Spacecraft Charging Tools


