esa | =S==cav== |

Using SPENVIS within Space Mission Operations

Alexi Glover
ESA SSA Programme-Space Weather Segment
ESA-ESAC, Madrid, Spain (RHEA System SA)

On behalf of

Gareth Lawrence and Simon Reid
Rhea System SA, Louvain-la-Neuve, B-1348, Belgium

Michel Kruglanski

Belgian Institute for Space Aeronomy, Uccle, B-1180, Belgium

Supporting material courtesy Eamonn Daly (ESA-ESTEC)

28th April 2010 - SWW2010



Space Environments Effects: Project Support

Overview of Space Environment

ﬂ_: Puncture, Damage

SEU,
Cosmic Rays , Latchup, Hazard, Interference
GeV I l ‘. Interference

Radiation
.
S
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Meteor.

Solar Flare s—
Particles
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Belt Particles MeV/
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Plasma Charging
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Low—-energy
Plasma

MNeutral Erosion, Drag

O-atoms

Evaluation of space environments
and effects

e  Starts pre-phase A

— Environment specifications

— Tailoring of standards

— Concurrent Design
e More detailed support in later phases
e In-orbit behaviour evaluations

Supporting activities

e R&D
e Standardisation
e Collaboration
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Commercial, Applications & Earth Obs Missions «

Telecommunications spacecraft in GEO:
e environment dominated by energetic e of the outer radiation belt;
e  High lifetime dose

Low altitude constellations (e.g. Globalstar at 1400km)
e  Mixed environment; High lifetime dose

Earth observation and Earth science:
e  “sun-synchronous” polar orbit ~600-900 km; Mixed environment
. Many ESA Earth Science and “Sentinel” projects

Navigation systems
e medium altitude, highly inclined, circular orbits.
e  Galileo at ~25000km and ~559 incl. — heart of the radiation belts.

Trends have major radiation implications:

rcomplexity of on-board systems;

1spacecraft size in GEO;

1 power in GEO -> large lightweight solar arrays,

| procurement costs;

minimization of operations;

1 on-board processing;

long-term reliability;

extensive use of commercial off-the-shelf components (COTS):
— | radiation hard or poorly characterized '
— 1 on-chip complexity.
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SPENVIS in short

ESA operational software

¢ developed and maintained at BIRA-IASB

from 1996

e Support through ESA GSTP programme

e H Evans TEC-EES, ESA responsible

User-friendly human interface to models of

the space environment and its effects

e web interface,
default values, contextual help,
user workspace (inputs, outputs),
reports, graphical utilities, ...

Allows rapid analysis of
e COSMicC rays
¢ solar energetic particles
¢ natural radiation belts
e magnetic fields
e space plasmas
e upper atmosphere
e meteoroids and debris

Environment Hazards

SEU,
Latchup

Interference

Radiation
s Damage,
z] Degradation

Cosmic Rays m—
Gev

Solar Flare s—

Particles

Radiation s

Belt Particles ey
Energefic m—
Plasma Charging
kev
Leakage
LOW-ENEFQY m— * ge,
eV
Neutral m— Erosion
O-atoms

Debris, — = Puncture
Meteor.
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SPENVIS Overview

e Tour of SPENVIS models
( )

— Coordinate generators
— Space environment
— Environment effects

e (Geant4-based tools (GRAS, Mulassis, GEMAT)

e Current developments
— Planetary environment
— Third party development toolkit
— On-line help; user forum; bug-tracker

e Conclusions

SPENVIS Space Weather Workshop 2010



SPENVIS: Space Environment Information System

SPENVIS - Space Environment, Effects, and Education System - Mozilla
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Introduction > How to start?

1. Create an account > Register
2. Login in - Access

1 3 Model packages - Mozilla Firefox EEIX
3. Create a new project (user workspace) T
4, ~Coordinate generators”

©) Project management - Mozilla Firefox ‘Z‘ ‘E‘ g‘

SPENVIS DEVELOPER Project: G4SUW e
Aup Model packages —~—
Planet: Earth

Coordinate generators
Radiation sources and effects

{7 [ nttp: focalhostspenvis ntbinfspenis. exe/FIRST?%23resettoPrevious{project.htm) g

o Project management foutout Teip

Create a new project

Spacecraft charging
" " Atmosphere and ionosphere
Project action

cre.ate OIS Erefest X Meteoroids and debris

switch to another project

delete project(s)
1l

zip and download project(s)

change current project settings
delete current project results

OO0 OCO0®@

The models implemented in SPENVIS are combined in the packages listed above.

Clicking on a package name will expand the table with a list of models. Some model
suites have to be executed in a prescribed order. Model links will not be available

when pre-required runs have not been executed yet. Most models run on both a
spacecraft trajectory and a geographical coordinate grid. Clicking on the coordinate
generator links and returning to this page toggles between the two sets of

Project abstract coordinates. The model links will adapt to the choice of coordinates.

How to start 7| The model pages have deliberately been kept as concise as possible. A navi
n
\

Space Users Workshop
* Bug tr

ge

bar is figured at the top of each SPENVIS page. The Help link in the bottom right
hand corner of this bar points to context sensitive help pages, which in turn contain
their own navigation system, including access to guidelines on model usage and
background information on the space environment.

e actions do not save input parameters. Full navigation
s available through the menu bar at the top of each page and
ured on each page.

For additional assistance (after consulting the help pages) and feedback, please
Import model parameters from another project: contact the SPENVIS team.

SPENVIS
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Coordinate generators

e Coordinate grid
00 r I n a e rI 3 Orbit generator: Parameters for segment NULL - Mozill

o Spacecra ft traJectoneS [ L | hittp:ocalhostspenvishtbin/spenvis. exe /GASUW
SPENVIS DEVELOPER Project: G4SUW foutpat

Next Release - other trajectories aw Orbit generator —
(hyperbolic, user upload)

Parameters for segment 1

Segment title:

) Orbit generator: Mission definition - Mozilla Firefox \
first segment

{71 | nttp:/fiocaihost/spenvis/hisin/spenvis.exe G45UW

P SPENVIS DEVE.LOPER Project: G4SUW foutpat
Aup Orbit generator _——
Mission definition (Earth)

Orbit type: {5 cl

gecsateray

@ heliosynchronous
near Earth interplanetary

A two-line elements

Traject i = = =
Altitude specification: |pengee and apogee altitudes  ~

Numb f .
umber o Perigee altitude [kim]: 00
6000

L EELTIWE T Y total mission duration Apogee altitude [km]:

Mission duration: 3.0 years v

Satellite orienta one axis parallel to the velocity vector VI Indination [deg]:
3 | R asc of asc node [deg wrt gamma50] V|:
Account for solar radiation pressure: -

Account for atmospheric drag:
True anomaly [deg]:

1. 60.0 s below 20000.0 km
Tool developed b

P y 2. 2400 s below 80000.0 km
3. 36000 s elsewhere 2

o

Argument of perigee [deg]: D

@ BIRA-TIASB
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> Space environment > Radiation belts

™)

AP=8 MR Flu > 16.00 Me (o

Trapped electron/proton fluxes
along spacecraft trajectories
or maps (coordinate grids)

new - IGE2006/POLE

(e~ geostationary orbit)
new - Sampex/PET

(p* low altitudes)

next - Jovian models (Divine and Garret, JIRE,
ONERA/Salammb0)

Map in invariant coordinates (R,A) of the radiation-belt omnidirectional integral fluxes
for protons > 10 MeV and electrons > 1 MeV, respectively (model: AP8-AES8)
L R L L L AR RN LR RN UL LN R

W) AB OCL < 3113 YW 8Ty

[

3 Radiation sources and effects: Trapped radiation model parameters - Mozilla Firefox |Z||E|g|

[ | ttp:/focathost/spenvis htbin fspenis. exe/GasU

h

SPENVIS DEVELOPER Project: G4SUW  sgrmm

Radiation sources and effects P —
Trapped radiation: Model parameters

CRRESPRO
Model ¥ SAMPEX/PET PSBY7

Help

Electron model :
AE-8

IGE2006/POLE
Model vpy=ry

do not in/ AE-8MIN Update ESA-SEET

Confide CRRESELE

Model developed by:

Model developed by:

© BIRA-IASB
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> Space environment > Solar Energetic Particles

) neW 9 Pa rticle fl uence 'adiation sources and effects: Solar proton model parameters - Mozilla Firefox
| htip:/flocalhostfspenvis htbinfspenvis.exe [G4SUW hig
¢ new K PSYCHIC InCII lons P SPENVIS DEVELOPER Project: G4SUW foutpot
(Xapsos et al. 2007) Radiation sources and effects e

Help
Solar proton models: Parameters

Ch T oLl B H FSP worst case event
e ESP worst case event
Y 5P (otal fluence
Offset in solz Etgfenqwst et al. (2005, 2007)

Offset from solar maximu g

=
Confidence level [%]:

Differential fluences forZ =1, 2, 8, 12, 26 and >28 Geomagnetic shielding: [EEERd for EIEEIkd magnetosphere
predicted with the PSYCHIC model
[ Reset H Run H Combined Run ]

9 01 1 —
1gto gErotons -
10° T — = Model developed by
Alphas T~ —z=26 -

N ——

106 w T~ \

108 L SN
AN

Fe
10*

108 \

© BIRA-IASB

102 NZ> 28
10! N
100 N -
10-1 \\ \\ \
10-2 1 1 L1111 L 1 L L il \I\IIIII

1 10 100 1000
Energy (MeV/n)

Differential Fluence (#/cm>MeV/n)

SPENVIS Space Weather Workshop 2010




> Space environment > GCR

Cosmic rays
(inside LET spectrum model)

e new - ISO-15390
e new - Nymmik et al 1996

SEP & GCR > Magnetic shielding
e Stgrmer approach (= dipole)

e new - Upgrade based on
Magnetocosmics

%) Radiation sources and effects: lon energy and LET spectra model parameters - Mozilla Firefox

| |j http:/flocalhost/spenvis/hthin/spenvis.exe /G45UW? %2 IresetToPrevious(letorb_par.html)

SPENVIS DEVELOPER Project: G4SUW
Cav Radiation sources and effects

Ion energy and LET spectra: Input
parameters

LEIG S EIGOEIE Si (CREME-86) v
Shielding thickness (Al equivalent):

Galactic cosmic rays model:
1S0O-15380 standard model

Iv
I MSUmodel o
1S0-15380 standard model + 1 sigma
150-15380 standard model + 2 sigma
Nymmik et al. (1996)
Nymmik et al. (1996) + 1 sigma
Nymmik et al. (1996) + 2 sigma
CREME-86
galactic cosmic rays only (M=1)
galactic cosmic rays + fully-ionized anomalous component (M=2)
90% worst case cosmic ray level (M=3)
galactic cosmic rays + singly-ionized anomalous component (M=4)
peak ordinary flare flux and mean composition (M=5)

- peak ordinary flare flux and worst-case composition (M=6)

peak 10% worst-case flare flux and mean composition (M=7)
- peak 10% worst-case flare flux and worst-case composition (M=8)

peak August 4, 1972, flare flux and mean composition (M=8)

peak August 4, 1972, flare flux and worst-case compaosition (M=10)
peak composite worst-case flare flux and mean composition (M=11)
October 1989 flare FLUENCE and mean compasition (M=13 v

Qutput

Help

SPENVIS
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> Environment effects > Solar cell

Solar cell damage equivalent fluences B — —
< trapped e, trapped & solar p* o  SPENVIS DEVELOPER Project: GASUW (g
« new > RDC (Relative Damage Coefficient) A% Radiation sources and effects e
converter Tada et al. (1982) mr——————
Input= uncovered unidirectional RDC ManufactersSpectoi 2l
Output= covered omnidirectional RDC Res rEosTars)l

Spectrolab 3J
Model d Spectrolab 3J EOL

 next—> additional RDC data
(Emcore, Azur solar cells)

@© BIRA-IASB

e new - NIEL-based degradation RESL il
calculations (MC-SCREAM) BTN o o f
: Lol

(é :

T A R

RELATIVE DAMAGE COEFFICIENT FOR P,

PROTON ENERGY, MeV
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> Environment effects > SEU

Single Event Upset

& LET spectra < trapped p* & GCR

e new —> GaAs device
* new —> Profit algorithm
Multiple devices
Path length distr.
107
_E;_ 108 —— g
2 Protons
4 109 IBM 16 MBIT
b=
: 10-10 -] DATA
— PROAT
1 o1 .
———————— BENDEL
10*12 = 1 : i L i i : LI 1 L : 1 1L L L
: 0 50 100 150 200
PROTONS ENERGY in MeV
[ J

next - Upgrade of
slowing/stopping ions

3 Radiation sources and effects: SEU rate model parameters - Mozilla Firefox

\ |7 | http:/flocalhost/spenvis hthin/spenvis.exe [GASUMI?%: 23rese fToPrevious (upseto_par.himi) o7

SPENVIS DEVELOPER Project: G4SUW  sgrmm

ﬁn

Radiation sources and effects —

Help
SEU rates: Input parameters

Direct ionisation upset rates | Proton induced upset rates

Cross scction T TNTS
method:

Material: Silicon (S1) Bendel function

A [MeV]: Bendel data fit

Dimension x e

Weibull data fit
Tl : ebasslait__
© gjim [cm?/bit]: |1.87E-10

Cross-section method:

critical charge |

o critical charg
E:[;:I%":al ch Weibull function
experimental data

I Reset H Run H Combined Run l

Model developed by

© BIRA-IASB
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> Environment effects > Charging

Surface charging
é S pa Ce p | a Sm a %3 Spacecraft charging: EQUIPOT parameters - Mozilla Firefox E

. \ |_1‘] http:/localhost/spenvis/htbin/spenvis. exe /G4SUW 1
e new - Burke's equation (1980) .
a oo, SPENVIS DEVELOPER Project: G4SUW (G
(secondary eleCtron em|SS|on) A UP Spacecraft Charging p——
EQUIPOT parameters

Help

KAPTON .
Spacecraft environment
—e— Whipple-Dionne —e— Katz/NASCAP —e— Burke —=e—Sims ‘ - - "
Spacecraftis in e[ g

Incident distribution:

Environment type: Qo Ry

2.5

N
o

Ram/wake effects:

auroral type spectra from DMSP VI

Material parameters. Caution: the default values for the material parameters
are given for reference only. The results of the simulation critically depend on
the values of the input parameters.

=
o

SEE yield for normal incidence
N
o

o
3

aluminium & Kapton

0.0 ; ¥ : Atomic number: Relative permittivity:
1 2 3 4 5 Photoelectric current i . i
LogE e A w2 Thickness [m]:
5 Conductivity [ohm™ m™1]: _OE—TS
SEE yield for 1 keV
protons:
. Proton energy for . .
e new - auroral environment maximum SEE yield Atomic number:
[keV]: Photoelectric current
. sl OE-
(Davis & Duncan, 1992) (Am]:
SEE formula: Katz +~ | SEF yield for 1 keV protons:
Maximum SEE yield for Proton energy for
Deep dielectric charging Trirrs 067 maximum SEE yield [kev]: 10
é tra pped e Electron energy for S -
< | >

e new = DICTAT v3

SPENVIS
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GEANT-4 Tools

e Geant4 Library Developed by the Geant4 Collaboration, members
include CERN, SLAC, ESA, ...

o Physics-based and semi-empirical
e Study interactions of Radiation and Matter at all scales and energies

e Subset relevant to Space Science optimised to reflect nature of
problem:

— Omni-directional radiation
— Specific species (e, p*, He ions, heavier ions etc ...)
— Materials commonly used
— Typical geometries
— Shielding
e Applications (Mulassis, SSAT, GEMAT) fully integrated within
SPENVIS (user friendly!)

SPENVIS Space Weather Workshop 2010



Current developments

Radlatmn sources and effects

Sacecraft charging

Atmosphere and ionosphere here and ionosphere

Geant4-based tools C dinat =

New Applications — . tﬂg':““—f::'b
new -> Magnetocosmics H.sce..anms
P|an6tOC05mICS Geant4 Tuuls
MC'SCREAM General models
Multi-Layered Shielding Simulation {(Mulassis)
GRAS (later)

Geant4-based Microdosimetry Analysis Tool (GEMAT)
Sector Shielding Analysis Tool {SSAT)

EXiSting ApplicatiOnS Planet specific models

Magnetocosmics

now = GEMAT, Mulassis, SSAT Planetocosmics

Common settings
Definition of source particles

Definition of physical models

User defined materials

Geometry definition tool

ECSS Space Environment Standard

SPENVIS Space Weather Workshop 2010



User Support: Bug Tracker

New - Tool bar:

e Tracking of issues reported ot

Ele Edit Wew History Bookmarks Tools Help
by users (b ug feature ) O C X G (5 rwimnomnmabeadeiven o g ooty T - J
.
14 14 3
%3 0000058: SHIELDOSE returns zeroes when given only one thickness - SPENVIS Bug Tracker - Mozilla Firefox osa
Fle Edit Vew History Bookmarks Tools Help _tracker
@ - C &y (s hittp: fdev.spenvis. oma.bejtracker fview. php?id=S53 < - Logged in as: michel (Michel Kruglanski - developer) 2009-05-18 19:01 CEST Space Environment Information System
My View | View Issues | Report Issue | SPENVIS | Forum | Other | Help lssue 3 |
Recently Visited: 0000058, 0000052
_tracker Search: Aoply Fiter Save Cumert Fiter |
Logged in as: michel (Michel Kruglanski - developer) 2009-05-18 19:03 CES Space Environment |
My View | View Issues | Report Issue | SPENVIS | Forum | Other | Help s} Viewing Issues (1 - 34 / 34) [ Print Reports ] [ CSV Export ]
RecErUER P hin} # Category Severity Status Updated Summary
Viewing Issue Simple Details [ Jump to Notes ] T [ Issud OO 0000058 1 Package: Radiation minor resolved -\nghel 2009-05-18 SHIELDOSE returns zeroes when given only one
Jump to Notes — Doses Kruglanski) thickness
j o] Category Severity Reproducibility Date Submitted )
[SPENVIS] Package: Radiation ] 0000057 Packag:drszgwatlun feature new 2009-05-15 Add input for threshold flux for exposure
0000058 Doses 9e: minor always 2009-05-15 21:12 200)
m 0000056 Add-on: Development T ST 2000-03-31 Would be nice to have ViewVC integrated into the
N = Tools SVM as an http based source code browser
Reporter Christopher Dieck View Status public
Package: Spacecraft resolved (Michel
Assigned To Michel Kruglanski O . 0000054 1 gChargp\ng minor Krug\aﬁski"w 2009-03-30 Fraction of solar cycle
FERE CrE LEsbi e P System: e [(E Links to TREND-3 web site point to
Status resolved Product Version 46) O &  oooooss Dﬂ[u’:ﬂenta‘tm text ""k?"unj'\'ansk.) 2009-03-30 http://www.magnet.oma.be/trend4/public/trend3
Jindex.html [~]
Summary 0000058: SHIELDOSE returns zeroes when given only one thickness 0 ooogpsz 2 Package: Radiation e resolved (Erwin De 0 (0 oo results from IGE-2006 model are several orders of
Description In SHIELDOSE and SHIELDOSE-2, when including only one value in the user input table of values, the outp - B Sources Donder) magnitude too high
regardless of the value of the single input, is 0.00 for all calculated columns. 3 ved ( . .
i 5 il 0000053 4 Packasge. [ETRIEE minor EEiE \Mk\crhel 2009-03-19 TREP: Differential fluence to be checked
Additional The problem only appears in the case of the "solid sphere” geometry for which the both models require at | TTEEE LETEL)
Information thicknesses (the spherical results are derived from the planar results). Package: Radiation ) red (Erwin De X
The problem has been fixed by adding some thicknesses to the user values. These additional values are nof [ ~ 0000051 2 Sources AR Honder) 2009-03-17 No results obtained from the IGE-2006 model
model outputs. =
See note for an example how the results are affected by the number of thicknesses. | 0000001 1 pad‘?}%;‘ercaut‘;rrimate crash r..‘?surl:;%";;"'k‘ﬁhel 2009-02-06 Orbit Generator, Two Line Elements
Tags No tags attached. =
- CAa (Technical: Kernel) changing behaviour the
Attach Tags (Separate by ') Existing tags O o | LI Tire e hesolved AvreEreri #runModel() action
Attached Files O . 0000032 Packagceh:a‘rag[ﬁ;ecraft minor resolved 2009-03-06 DICTAT: compilation warning (version 3)
Change Status To: | new v o AAnAnAR Package: Spacecraft . S 20na_n2_ne Number of input lines of DICTAT user-defined v
X Find: | neop ¥ Next 4 Previous & Highlightgll [[] Match case
= Relationships |
There are no users monitoring this issue. |v
X Find: | neop & text ¢ Previous & Highlightal [[] Match case
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User Support: User Forum

) SPENVIS = Index page - Mozilla Firefox
View History Bookmarks Tools Help

> c » (ot S http:ﬁwww.spenvis.oma.belforumfindrex‘phpr ‘1:"( .

S SPENVIS s Index page ] -

SPENVIE spenvis
—

“ The SPace EflVironment Information S

Advanced search

<> Board index

&lUser Control Panel (0 new messages) * Yiew your posts @FAQ BMembers

It is currently Fri Apr 23, 2010 3:11 pm Last visit was: Tue Feb 02, 2010 3:03 pm

Wiew unanswered posts « View new posts ¢ View active topics Mark forums read

GENERAL TOPICS

General

This is the section for general discussions about SPENVIS that are not about a specific model or topic
covered in the other sections on this board.

Moderators: manu, Moderator

by stijnc [
i 29 on Mon Apr 19, 2010 7:41 am

COORDINATE GENERATORS

Orbit generator s 11 by hugh G

The SPENVIS orbit generator computes trajectory osculatory orbital elements using a numerical on Tue Mar 16, 2010 7:20 pm
Runge-Kutta integration method. It can be used for low altitude orbits, geostationary orbits, and highly

eccentric orbits, It takes into account the oblateness of the Earth, the gravitational attraction of Sun

and Moon, air drag (by means of the CIRA atmospheric model) and solar radiation pressure, The

independent variable is the eccentric anomaly. Osculatory elements are computed at constant

equidistant eccentric anomaly steps,

Moderators: manu, Moderator

Grid generator 1 1 by janw G

The coordinate grid generator produces a set or grid of geographical positions that serves as input to
the positional version of the following models: atmosphere and ionosphere models; trapped particle
models and magnetic field models.

Moderators: manu, Moderator

on Mon Aug 13, 2007 11:04 am

RADIATION SOURCES AND EFFECTS TOFICS LAST POST

Radiation sources

Trapped particle fluxes are calculated for each mission segment and accumulated into segment and
mission fluences. & model of the anisotropy of low-altitude trapped protons is available as well, Solar
proton fluences are predicted for the total mission duration.

Moderators: manu, Moderator

by michel [Z
11 18 on Tue Feb 02, 2010 1:36 pm

Solar cell radiation damage 0 0 No posts

Damage-equivalent electron fluences for different types of solar cells can be evaluated with EQFLUX.
Moderators: manu, Moderatar

Radiation doses

Ionising dose behind three types of Al shielding (SHIELDOSE). Device degradation such as charge
transfer efficiency loss in CCDs is estimated by calculating damage-equivalent proton fluences and
non-ionising energy loss {MIEL).

With the sector analysis tool a simple geometric representation of a spacecraft can be generated to
produce a shielding distribution by means of ray tracing. The shielding distribution can be used as input
for the ionising or non-ionising dose models.

The Multi-Layered Shielding Simulation tool allows the definition of a multi-layered, one-dimensional
shield and incident particle source, and using the Geantd4 toolkit simulates radiation transport through
the geometry, treating electromagnetic and nuclear interactions,

Moderators: manu, Moderator

by pisacane [

46 121 on Tue Apr 20, 2010 5:10 pm

Done
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within 3 working days.

All advanced users are
encouraged to use the
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Third Party Development

# http://dev.spenvis.oma.be/svn - Repository Browser

‘ http:/fdev.spenvis.oma.befsvn/shieldose /tags Vl Revision: [ HEAD ]

New —> Third party development toolkit e T ——
Development of SPENVIS o
applications by third parties
1. Dedicated repository (SVN)
@ developer side:( ) e R

Fle Edit Vew Hstory Bookmarks Tools Help

2. Reduced version of SPENVIS [ _ ¢ o ee—z... 21
3. Appl_ication developmen_t A - @,s.
4. Testing on reduced version Third Party deve,opment | >

How to bmld your third party developer version of SPENVIS

@ dev.spenvis.oma.be: o bl your

. F\ rst tests:
o

= Directives

5. Export & installation of the .

application on full version —

= Install (Windows)

6. Testing & demonstration

= Manuals

SPENVIS team:
7. Final integration in SPENVIS e

Additional ressources
.

.
s First tests:
o

Last update: Monday April 27, 2009
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SPENVIS for S/C Design

e Study radiation environments and likely effects during
mission design

e Analyse long term radiation dose for the final orbit,
especially for sensitive components (eg., processors,
detectors, solar panels)

e Optimise shielding — materials and quantity — to reduce
margins

SPENVIS
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SPENVIS for S/C Operations

e Core applications are used with other SWE products (eg
SWENET, SEISOP ...) to routinely describe space
environment for a given mission and orbit

o often used alongside in-situ data from INTEGRAL, XMM,
PROBA, Giove-A, Giove-B, etc..

e Predict likely impact from anticipated SWE events

e Use pre-launch to define thresholds etc to reduce both
failures and safe downtime during routine operations

e Under consideration for redeployment within ESA's SSA
framework in 2010

SPENVIS
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SPENVIS: Further Information

SPENVIS - Space Environment, Effects, and Education System - Mozilla Firefox B@@
File Edit View History Bookmarks Tools Help
v c (=Y S http:/fwww.spenvis.oma.bef v -'l < /7
|8] Most visited ’ Getting Started 5 | Latest Headlines || Email || Rhea || Projects | | ESAetc | Groups | Science | Wales || Misc >

| www.spenvis.oma.be

g.lawrence@rheaqroup.com
spenvis team@areonomie.be

dent or teacher,
ad this fi

SPENVIS User Workshop to be held on the
7th = 9th June, 2010 in Mechelen, Belgium.

http://www.spenvis.oma.be/workshop2010.php

Spon.

.
Belgian Federal
III Science Policy

Copyright 1997-2009 © ESA — Operated by Belgian Institute for Space Aeronomy

SPENVIS Space Weather Workshop 2010


http://www.spenvis.oma.be/
mailto:g.lawrence@rheagroup.com
mailto:spenvis_team@areonomie.be

