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Spacestorm

e Funded under EU Framework 7
(http://www.spacestorm.eu/)

The goal of the SPACESTORM proposal is to model space
weather events and mitigate their effects on satellites
through better mitigation guidelines, forecasting of events
and experimental testing of new materials and
methodologies to reduce satellite vulnerability.
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WP8 — Risk assessment for internal
charging and radiation dose

Objectives

* To make an assessment of the risk to satellites in MEO and
GEO from internal charging based on the reconstructed 30 year
data set and under extreme conditions using the modelling
outputs from other WPs

 Make an assessment of the cumulative dose for MEO and GEO
satellites using the historical (30—year) and extreme storm
environments to understand the degree of satellite ageing (if
any) and the potential need for early replacement.



1 MeV Differential flux {GICH%ISJSTMEV)

Detall of worked carried out

e Various environments (from other work packages) used to
calculate effects:
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30 year reconstructed data set:
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* Focus on key environments:

» Focus on three key areas of radiation damage:

Detall of worked carried out

MEO (Galileo)
GEO

Total lonising Dose (TID)
Displacement Damage Dose (DDD)
Internal Charging
2 (orbits) x 3 (effects) x many (input
conditions) x various (models) = many
outputs (1)
Only time for examples...
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» Examples of Total lonising Dose calculations (Shieldose)

Dose-Depth Variation in Reconstructed Data Set
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« Examples of Total lonising Dose calculations for short term

extreme events

Composite maximum differential flux

Daily average

Weekly average

Monthly average

Yearly average |

l.e. “worst week” in reconstructed MEO

Dose (krad)

2000
1800
1600
1400
1200

=
0 O
o O
o o

D
o
o

Maximum Dose over Different Time Periods

Day

_

data set = 1 year mean dose

(50x enhancement)

Week

Month

450%
400%
350%
300%
250%
200%
150%
100%
50%
0%

Percentage of Mean Annual Dose

Year

(2 mm Al)

SPACESTERM


Presenter
Presentation Notes
GEO 1 in 150 yr event sustained for 7 days = similar to worst week in 30 yr MEO


Detall of worked carried out

e Examples of Displacement Damage Dose calculations:
 EQFLUX calculates equivalent electron fluxes for solar cell damage

« MC-SCREAM calculates power degradation due to electron (and proton)
flux (GaAs single junction used by default):
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« Examples of Displacement Damage Dose calculations

AE8 GEO Environments
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« Examples of Displacement Damage Dose calculations

Short term (at GEO):
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« Examples of Internal Charging calculations (DICTAT):

Spectrum

Material parameters
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Directionality: isotropic v
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» DICTAT sensitivity analysis:
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(Dose rate =
environment)

Key conductivity equations: \

. A/
Ototal = 07 + Opre Oric = Kp. D

Peak Electric Field (V/m)

1.0E+07

8.0E+06

6.0E+06

4.0E+06

2.0E+06

0.0E+00

Effect of kp

kp=1le-14
kp=1le-16

=6 months—2

20 40 60 80 100
Time (hrs)

Effect of A
1.2E+06
E 1.06+06 —4=1
= ——A=0.5
= 8.0E+05
X
[N
'G 6.0E+05
=
$ 4.0E+05
w
=< 2.0E+05
&
0.0E+00
0 10 20 30 40 50
Time (hrs)
Effect of Shielding
___ 7.0E+07
=S
= 6.0E+07
— 1 mm
= 5.0E+07 >
iz 3 mm
.2 4.0E+07 P—
& 3.0E+07 5m
[N )
g 2.0E+07
E 1.0E+07
[5°]
= 0.0E+00
o 50 100

Time (hours)

SPACESTERM


Presenter
Presentation Notes
Using AE8 or BAS worst day (for shielding)


Detall of worked carried out

« MEO vs GEO (short-term):
(using PEEK parameters &
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Summary

Worst case MEO and GEO environments have been used to
calculate radiation effects on satellites. Examples include:

 A*“worst day” total ionising dose for the Galileo GNSS
constellation could be equivalent to 30% of mean annual dose.

« If sustained for one week, the theoretical worst case GEO
environment could result in a 40% loss in solar cell power.

 Radiation-induced conductivity limits the build-up of electric
fields, however maximum fields of 107 - 108 V/m in PEEK have
been calculated for a range of enhanced GEO and MEO
environments from models, data and theory.

More work is planned based on new models of ESW events.
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